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“HlUman civilization did ReE BEQIR WHER
mantiearmed terniake andiusertoels: i
PECRNNWRERNRE Staltied o) decorater theni:
ESSencer eff culttre st always i these
uRAImgs WhIch, fiemrpurely: tulitarnan peit
el View aie Useless — e it a fine: pIece of
finerart, a fine piece oitliteratiie; a
PUINdIRG Gl great architecturalfseauty, o &
Pealbititedifice Ol ar sCIEntiic tHEGKY,
INCOIPOraAtNG e SYMIMELHES Gl e I2WS
et nawure:”



These are not my words. These are not
the exact words of Henrick Casimir, as |
am! queting it MEmeRY-

Wihe was: Casimir?: Youl may: not have
neardi RIS name. Casimirwasa
distinguished Dutehr liheoretical
PhRysIcISt Wihe was hiead off R and
division off Dutchrmultinatienalf Phailips
electric company. fielrf several years.



Philips Is' a well known name: in; Pakistan,
even in villages — wihere people: buy:
Phllips; electric bulle andielectric tune-
lIgts.

OnRe would net expect a laynian te; Knew.
any name PesIdes, an eleciiic company,
Whilchihas suppliedihim the endl products
I the e ol appliances Whlch e can
USE In Varety: off Ways provided e can
affiord them. Technolegy hardly effiects
the lives of those Whoe are belew: a certain

economic threshold.



Science not enly provides a hase fion
medern technelogy but It s alse a pali of
AUman culttre. How we: define’ culttre?
©One may: say; AnyiningiWhiChr ERchEs
RUman civilizatien;, BecalSE Gl ltSHRINSIC
Valtiesalisinithe demain o culitre:
Philesephy, art, literature and music,
Mathematics and Pasic SCIENCES alie pPart
eff UK culitral herntage. They generaie
soclal capital. Secial capital



creates an environment for an
enlightened), telerant seciety which value
AUman life: andirtie of law. It keeps
darknessiin hunman seultin a dormant
state. Tihere Isianether aspect of culttnre
WhIChIIS concermed wWith culturall traits: of
a seclety’and s seciall evelution.
SCIence has made tiemendoeus
contrbutions Inthe seciall evelution: of
mankingd. ©scair Wilderence said, & cynic
KIRBWSI THE! PHCE B eVERINING and the
Valtie off nething. A BIget IS a chrenic
CynIg.



N & bigeted society, culture has no value and
least appreciated.

flechnoelegy Isiveny/ eld; the pyramids in Egypt
aneran example o ancient technelegy. Viedenm
Sclence Is relatively new; Its roots date hack 1o
17" Centliry.

Galileorias a very special place: in development
off physIcs. He'ls reganded as fiather ofi moden
science. IHe challenged the authenty: of
Aristotie; and discovered law of falling hedies



(Trerrestrial Gravity). IHe challenged the
altherty off Church andicame decisivelyin
favor efi heliocentrc (Copermican) systen.
Tfhis breught R iR toukle with the
Church wWhichiregarded: the eartia as the
centre of the Universe (Pielemic scheme).

Galllee hecame Victin o Biegateny/ 1 liaily/.



Berchet wrote a play about Galileo. | now
guote ene scene frem this play: teiillustrate

three aspects off Science: and hew: they: arne
appreciaed

Oceasion; INVERTIeN el telescope Yy Gallleo

Curator: (InHAIs BESE ChambEr=0i= COMIMENCE
Manner)



Gentlemen: Our RepuBlic IS/t e
congratulateaino eniy ecalse tills
eV aCquUISIHeRWWIII e ONETMONE
feather i une cap ol Veniaten culitne
(Politerapplatise) et enilN BECAUSEIBUI
oW MIE Galllernas genereusiy nanees
LIS Tiresniproduck o ISHeemineorain
entirely ever o euio manuiacille’as
any ol tnese salanlerarticies as you
please — (considerable applatise) — UL,



Gentleman of the senate, has It
occurred to you that — with the help of
this remarkable new Instrument — the
battle fleet of the enemy will be visible
to us as full two hours before we are
visible to him? (tremendous applause)

Three aspects of science: value, price
and security are appreciated In reverse
order. In this respect we are not behind,
but a step ahead.



| now discuss evolution of Physics and its
Impact on society.

Greeks made remarkable contributions to
human civilization. They invented,
philosophy, mathematics and science:
They introduced Deductive method. From
axioms which they regarded as a priori,
they deduced results in a self consistent
manner. Euclidean geometry Is one
example of mathematics, which they
iInvented. For them, pure thought was
much superior than work with hands.



Between ancient and modermn
EUrepean civilization, the: dark ages
internvened. Mushims andlByzantines
Presenved the apparatis off civilization.
Erom) the 12" centuny, to; 171 centurny,
PRrSina was,usedas a guide o
medicinge. lbn Rushdiwas mere
Important ter Chrstian: than i Musiim
pPhIleSOPAY.-



Ereom anthmetics (Aumbers) Which
eriginated in India; a transition te
algebra was made i Muslim era
(Khawaiizmi, AlfBartnRirancdr @nar
Kiayam). Allithese men were dead end
fer Muslimr civilization but fer Chnstian
civilization,, they were heginning. lnithe
VWest, the acecess 10 Greek knowledge
came: threugh Muslims. Althetgh
Muslims were better expermentalists
than Greeks, they did net go beyoend
elServations.



Inrgeneral, they did not deduce scientific
principles from ehsenvations. At the moest
they deduced empircal Iaws frem: them.
ey \were more Interesied in practical
applications: rather thamn ullding a
sclentiic ediiice. e build a scientific
edifice; It s essentiall te: ge heyond
existing theught. e ruling class Was not
pPreparedito telerate any: thoughtwnich
Would have nitiatedl departtie firom the
elithedoxy. prevalent at that time.



European also passed through a similar
PEeried, but they: came out of It by,
evelving Inte liberall denmocracies.

Bertrand Russellffias called the 17
centuny the CENtUR/ OF SCIENCE.

Not enly Inthis Centtiny/ the ioundation of
MEechanicsyand astrenomy. Were laid
(Copemicus, Galileo; Kepler & INewion)
UL SemME!: 6fi the 1eels Necessan/ o)
mMaking the: SCIentific elhservatiens were
Rvented: Compound microscope: (1590),
llelescepe (1608), Al pump; Improved
clecks, thermoemeter and baremeter.



Remarkanle progress was made: in
mathematics: Napler logantiam (1644),
Piirerenual andiniegralcalculus (INewion
aidCenoniz); coerdinaie: Geomenn
(Descaries). lese discCovenes in
mathematics laid the fieundatien; el Righer
mathematicsiin lateryears. It is
iemarkanle that these diScoveres Were
made by PErsens WNne Were men; ofi faitia:



they never believed that their discoveries
Were in conflict: with: theis religieus; beliefs.

Nevertneless thel discoveries implicitly
Implied that science: and religien should
ReLE e minglediwithreach other. TFhelr
discoveries laid the foundatien: el a new.
concept that: nattral phenemena cani e
URderstoed by ensenaton andratenal
RINKIRG WitheUt InVeking the: divinewill:
Magic and superstition hecame: things of
the past.



TThere Is ne space fier an authonty in
science; all'laws deduced fiem
PRSENAlIoNS are tentative subject te
medification ef change With new: data.
TIeories arne accepied by COnSensus.
Thisiisiwhat Neills Bonr called a repunlic
Off SCIence. It gave a new: concept of
Man’s place in the universe. ltwas
iealized that inegualiies between auman
PEINGS (excluding the cengeniial
differences) ane: product of:
Clicumstances.



Circumstances can be changed through
education, it opens up new ways to utilize
iInnate potentiality.

To build a scientific edifice both concepts
and tools are needed. From the regularities
and pattern deduced from observations,
concepts are formed which are then
expressed as physical laws in a
mathematical idiom. Precise measurement
requires constant improvement in scientific
tools. The interplay of intellect and
craftsmanship is hallmark of scientific
progress.



The industrial revelution began at the
end of eighteenti centuny, with the
INVEenRtion of steam engine. he
Industrial revolution; preceded science
eff thermmoedynamics WhIChwas
develeped Inithe nineteenti centuny.
Mest of the concepls heyoend
mechanicsiwere developed inf 191ih
Centuny-



Thermodynamics Is governed by two laws,
called the first law and the second law.

“The energy of the world Is constant and
Its entropy strives towards a
maximum.” Statistical interpretation of
the second law was one of the great
advances of the 19" century
(Boltzman).



Increase of entropy Is linked to increase
of disorder which is irreversible.

The irreversibility of evolution In
biosphere Is an expression of second
law. A simple mutation such as
substitution of one letter in DNA code
for another is reversible. However for an
appreciable evolution great many
mutations successively accumulated at
random;



pecause of iIndependent events that
preduce them, IS lieversible.

Also in 19" century: two great conceptual
ievolutions assoclated With Damwvin (e
eff evoeltinen) and Maxwell (Unificauen of
eleciiecity and imagrResn) ook place.
Electric envirenment Is man made. In
pature, electricity/Is seeniin lightening.
Certaini steones called magnetite exnibit
Magnetic Prepernties.



Nothing seems te be common between
them. Basic laws geverning
electiemagnetic pRenemena Were
fermulated (Cotlomi, AmpEere; Earaday)
in L9 century. Faraday’s law! of
eleciromagnetic Inducton Is a disceven of
great importance as It made pessible ie
generate electricivy directly fiiem
mechanical energy. Electic energy has a
great advantage that ircan e tianspelited
[0 iemES anadlis Used 1N nUmereus Wways.
We live in an envirenment created: oy
electricity.



Maxwell expressed the basic laws of
electromagnetism in terms of four
differential equations. These equations
encompass the whole of electromagnetic
phenomena.

A consequence of Maxwell’'s equations
IS that electric and magnetic fields
propagate through space as waves with
speed of light. Hertz experimentally
demonstrated the existence of
electromagnetic waves.



IHIS Woerk gave stimulus for practical
applications; ofi Miaxwell’s eguations. This
IS IOV Elecirenic communication Was: 9er.
©ne of the farreaching Inmpact of;
Mexuwellfs equations; IS to: give: RIrn o a
POWeErfuUl ool Inrthe ferm off electironic
mMedia for entertainment, 1o Shiape epInien
Off people fer peliticallaims o ideclogical
INdeCHHINANGNA OF oK Markeling off Products
especially by multinatieonails;



Never in the history: of paysics, such
ain abkrupt and Unanticipated transition
ook place as durnglthe decade 1895
- 1905, Reentgens discovered X-rays
I 1895, Radieactivity: Was discevered
Py Becquerelin 1896, In 1897, J.J.
IIemson discevered electron - the
first elementany particle. ©n
December 14 1900; Viax Planck put
ferward the idea off quantum:



TThe emission and absorption of radiation
frem ani atem take place in discrete
ameunts that he: latier called guanta. Ithe
discoveny efi atomic nucleus was
anpouRced by Ruthermerd in 1941
Neuttrenwas; discovered by Chadwick in
1932, Radieactivity/ IS the only. Ruclear
PhRENGMENGR WRICH IS ieUNG Gn ealtn.
NUclear envirenment exists,in: star. With
e develepment oeff nuclear reaciors; and
AUCIear Weapens an eAvIroNMERE IS
created by hunian Beings, Which Is natural
I stars.



IThe development of nuclear energy. and
AUclear Weapoens of mass destruction
ave |efitr a strong mark 61 meder SecIety.

The b o guantum; theen/ (1900) and
elatvity theeny/ (1.905) marked the
PEJINRING Of anera IRWhICH ietndatien: of
physical theer neecded revision.
Trransitien freom NeEWIeRIZn Mechanics to
Special theery and general theony of
elatvity was; smoeotn. Maxwell’'s equatons
ale consistent with' the theory: oF relativity.




But Newtonian mechanics, IS not
compatible withi the special theorn/ of
elativity; WheRHi IS made: compatiple with
e specialitheor/, one gets Einsteinrs
famous eqguation E = mez. Another
CONSEqUEenRce ofi special theor/ was time
dilatien .e. Moeving clocks are slewed
dewn. TThe general theoeny of relativity s
CONcermed withr gravity. In this theony,
Einstenn unified gravity, With geemetny.-



BUL the trarsition: terguanitim: theery was
et smoeetn. Itwastlike a revelutien. Asin
a revelution, there isia peroad of irmell
andi it takes seme time: to restere: a new
ElAEr; this \was alse the case fier guantum

revolution.



New: order was established! by Heisenberg
With' his discovery: of Matrix Mechanics in
1925 and by SChredinger By NS Wwave
MEchanics: a litie it latter. By Unifying
special theony of relauvity: Withrguantum
MEechanics, Dirac predictedithe: existence
eff antimatier.

Determinismi el classical mechanics IS
ieplaced by uncerainty prnciple I.e. When
events ane examined closely, Uncertainty
prevails; cause and effect hecome
disconnected;



causal relations hold for probabillities; waves
are particles and particles are waves,; matter
antimatter are created and destroyed (vacuum
polarization); chance guides what happens.

The unification of terrestrial and celestial gravity
by Newton; the unification of electricity and
magnetism by Maxwell; the unification of
geometry with gravity of Einstein, the unification
of special theory of relativity with quantum
mechanics by Dirac were hallmark of physics.
In the same context the unification of
electromagnetism



With radieactivity: was achieved by
Glashow, Salam and\Welnberngin late
19607s) withi prediction; ofi a new: kind: of
weak: cuirent called the neutral weak
clUlirent, subsequently discovered
expernmentally inrlo97s: s unificaton
alsSo) predicted the existence of massive
weak vector besons called W=, Z%which
mediate the weak fernce: (responsible for
radieactivity). W and Z Besens are
pPartners; efi pheten (guantun of
electromagnetic field WRICh IS mass  Iess
and mediates the electromagnetic ferce).



\Weak bosons: Were experimentally: discovered in
early: 1980 at CERINI Geneva.

\We conclude the evelution of science with fiellowing
[EManks.

Unlike goeal eriented project;

[BASIC research Isian UnendIng project;

GoINg N GNE; ENEration| teranotier GEneraon;
It 1S shaned by Whole manking;

NG state 1as SoVerelgnty: oVer Ii;

Nersevereignty — ne conflict

Enances oul: Vision

Gives both humility andi pride



C.P. Snow in his hook “Two Cultures”
divides the industriallrevoelutien in
three phases. e first phase Which
PEGAR Wit the InVERIoNR Of Steam
engine ar the'end of 18thr Century,
Was, mainly: created! vy handy men as
C. 2. Snoew calls them. lnithe secend
phase: off industial revelution:
chemistry played a major rele. Glant
chemical companies were estanlished
In Europe and USA.



IRrthe thindi phase: of industial revelution
atemic particles likerelectirons, Neutiens,
AUclelrand atems played a crucialirele.
IS revelution IS hased on' phySICS of
20! Century. The birth off quantum
theony in the: 201" centiiny: lhiad a
remendeus Impact en future
develepment.



IS hard te Imagine: that Witheou
guantun mechanics, IransISiers,
computer chips: and lasers weuld hiave
PEEN IVENniEd.

Physicist Ereemani Dysen; calls the
feurthphase of revelution teel diven
ievolution. Scientists develop new
[60IS and computer seftware.



TThe craftsmanship used in thelrr tools may.
Initiate new: technolegies. TWwe examples:
X=rays and nuciear magnetic resenance
— computedAxial remoegraphy (CAT)),
Magnetic Resonance Iimaging ((VIR1). Ifhe
Scanning technelegy: revelutionized
diagnoestic techniguesiin medicine. Il may,
alsollead 1o seme: landmark diScCoVEeRes in
DESIC SCIERCES. A prime example Is the
LISe ofi X-rays: crystallography to study/
piclegicall moelecules.



Such a study lead Crick and Watson to
unfold the structure of DNA — the genetic
code-perhaps the greatest discovery In
biology after Darwin.

The subsequent developments in DNA
testing, genetic engineering and
bioinformatics had made an enormous
Impact on human society. Another example
Is the World Wide Web (www) developed
at CERN for basic research, which has
revolutionized the information technology.



On the ether hand tremendous pregress
N Space technelogy. has been used 10
PUL the preke In outer space te study the
strticture: eff UnIVerse.

\We' conclude: that' secience has net only.
made an enerHMNouSs ImpPact erRrnunan
ntellect but hasalse drastically’ changed
RUman Iving.

Sclentific discoVveres are: heautitul put
scientific Inventions can e geod or had.



TThere Is ne doubt that science and technelogy.
ave made remarkable contributions Lo ralise
the standard eifliving anad te Improve the
gualy erlire. Butit has alseiincreased the gap
petween the rich andithe poer. While onrene
Randitremendeus; progress;in the medical
Science, Immunelogy. and drugs had alleviated
e human suiferngs and has Increased the
span eiilifie; on the other hand It has Increased
e destructive pewer of maniin the forn of
WEeapons of mass destruction.




British historian Hobsbawn calls the 20"
CERLURY, the age of extremes. A centuny of
Linprecedented progress and
Unprecedented destruction and Killing. It
Withessedi the Pest Of SCIence In termms of
Wo coneeptual revelutiens iz special and
general theony or relativity:and guantum
MEchanics, the diSCoVery. of structure of
DNAand tremendeus; progress in medical
SCIence.



I this century: we witnessed the culmination of
doemestication| off technelogy. In terms: of Internet,
computer games and moenile phoenes:.

The culmination of three hundred years of SCIence
N the fierms eff Weapoens ol mass destruction Was
e werst efi science. A new naton was her and
militarzation eff Space in the! last centun/- a natien
that dwellinrtetalisiience. Scoettshiwriter Gil Elliot
calls/it a natien|efi dead. He estimates Its
population te be 110 million- a fully:cosmoepelitan
natien (RichandrRhedes: e Making ol Atemic
Bomie: Epllegue). It was, created by nman-made
Weapons.




[EXcessive use of technoelogy has
Increased he Industral pellitiien:. Hhais
POSES a leng temm threat te natural
envirenment whichiweuld effect the
guality of life. Seience by itselif does
ReL guiarantee the genuine pregress,
[HeUER It IS Gne of Ingredient fier the
pProgress. Soeciallcapitallis needed o),
SYNURESIS O SeCIEtY: 16 namew the gap
PElWEen the rich and the poeor.



i teck milliens ofi years for biolegical evoelution
through natural selection. Evoelution in the
PIOSPhEre IS necessarnly irreversible Precess.
Chianges, in the ferm ol seciety, i Ideas; In
100IS, new ways te; tiilize innate: petentialities
alie salient feattires; ol secial evolution. TThese
CNANGES are steady, appreciable changes
OCCU GVEr a penod of ime. lime scale for
seclal evelutien st much smaller than: that for
the bielogical evelution: Is secial evelution
ieversinle?




\We de net have secend law! ol SecIo
sphere altheughn seclal strucilre s alsoe
complex. Histeny tells usithat any: great
civilization Which has decayed has
REVEr come hack In IS ernginal iemm.
These Whe dreamito regain Iost glony
aind Ao et Want ter goe: aneve: the past
alie defying the nistery.



P. R. Moeoney inan article (in the
PDevelopment Dialegue 1999,
published by PDag Hammenskiold
EeURdaeR) Nas expressed the
Viewpoeint that 21> centuny/ willfee the
ETC century. ETC stands for Erosion,
llechnelogicaltliransionmiaten an
Corporaie Concentraton.

Eresion InclUdes net enly: genetic
eresion and eresion ol Species, solls,
and atmesphere— also the: eresion of



knowledge and global eresion ofi eguitable
elation.

flechnolegy. nmeans new teclinelogies such as
pIetechnoleay, naneiecnnolegy, Informatcs
and NEUrescIence:

Concentration GesCres there-erganization
Ol ECONOMIC POWEN INte the lanads el MIgh:
lechiglekalieligepolies.

REecent trends inadicate that seme o ars
ONSER/ations may: come: threughn.



= Vian; aneve ancieyendinis bieicgical
AS[PECHS; Iiasimind anafspit==-=-- HAERE TS
CapanlerelrseleCuVe eVolllon == anadat
aSi el KIIEWING Clreaturer e cam USernis teels
Ol EXPErERCE; MInG; anaiSpIrbtershapee s
exIStencerana aetemine s aestimy. =

(SnEduliranti=Huxiey)
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