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Ohseekerofknowledge I presenttoyouthis
book whichisasourceofpeace anadornment
for humanity.Itisthemosthonorable
possession and theessenceofbeauty.Donot
underestimateitsvalueor consideryourself
independentofit.Treatitwithrespect forit
willbeyourcompanionandfriendduringthe
nightsandyour companionduringyour
journeys.Itdeservesyourreverence good
treatment and care aspreservingthebookis
moreimportantthanpreservingclothes

———— .
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Scientifichumilityisamongthegreatest
formsofhumility praisedand esteemed.
Scientifichumilityisfoundamongthe
wiseand knowledgeableindividuals,as
themoreoneincreasesinknowledge. the
morehumbletheybecome.Thelower
ground holdsmorewater.Asthe Prophet
Muhammad peacebeuponhim, said :
"Whoever humblesthemselvesforthe
sakeofAllah Allahwillelevatethem.'
(SahihMuslim)
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Dearreaders, elsalam alaikom.
Today weembarkonapeculiar journey
intotheworldofnumbers, orrather the

world ofmathematics.Wehavereturned
tothisbeautifulrealmtoescapethe
mundanereality and challenges oflife.
Today our journeymayseemstrange as
weseektoexplore
the moon of mathematics
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Many ofus, whenwehear theword "'mathematics”"in
general notjustalgebraoranalysisoreven
statistics, butmathematicsingeneral weareseized
bythatfeelingorimpressionthatitisacomplex,
boring or difficultsciencewithnopracticaluse.For
example someonemightsay, "Whatbenefitwould I
gainfromlearningthepropertiesofexponential
functionsineverydaylife-Isn'tmasteringbasic
arithmeticenoughforcommerce knowingtoday's
date calculatingages understandingbills-These
aretherequirements oflife!"
Letmeansweryouwithaquestioninthestyleofthe
philosopher ofthe round world Pep Guardiola,in
hisconferences.
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Letmeaskyou whatisthesumof1 +2-
Naturally, youwouldsay3.
Now,whatabout1+2+3+4-Youconfidently
tellmethattheansweris10,.andIcompletely
agreewithyouonthisanswerandeventhe
onesprecedingit.
Butwhatabout1+2+3+4+5+6+...You
mightsaythattheansweriseasyanditis
infinity. Here mydearfriend youhavemade
amistake anditisnotaseasyasyouthink.In
factitdoesrequire mathematics that
complexscienceyoumentioned earlier

—— ——
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In1912inIndia therewasamannamed Srinivasa
Ramanujanwhoworkedasaclerkinthe Accounts
Department.Itistruethatheonlyneededthebasicsof
mathematicstocarryouthisjob,asyoumentioned.
However hehadadeeppassionformathematics.He
understoodit lovedit andenjoyed practicingit.Heloved
thisfield ofknowledgetosuchanextentthathedecidedto
attemptsolvingtheequation1+2+3+4+5+6+...
Theresulthefoundwasextremelypeculiar (Iwon't
revealittoyou).Nevertheless thispersontried toreview
thisresultmorethan5S0times andeachtimehearrivedat
thesameillogical utterlyillogicalresult. Theanswer my
dearfriend,is-1/12

——

—
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Someonemightask, "Buthowisthis
possible-Thesumofallpositivenumbers
resultsinanegativeand verysmall
number."Letmetellyou mydearfriend,
thatmathematicianshaveproventhe
validity of thisconceptthroughseveral
methods.However Iwilldiscuss withyou
theeasiestand mostlogicalstep-by-step
approach and hopefully youwillcometo
appreciatesomething called
mathematics
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Tounderstand why thesumofallpositive
numbersyieldsasurprisingresult let's
considertheseries1+2+3+4+5+6+...and
seehowwecanapproachit.

Step1 :Let'sdefineafunctionS(n) that
representsthesumofthefirstnpositive
integers.Inthiscase nrepresentsthe
numberoftermswearesumming.
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S(1)-1

S(2)-1+2-3
S(3)-1+2+3-6
S(4)-1+2+3+4-10
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AST1)-S(2)-S(1)-(1+2)-1-2
AS(2)-S(3)-S(2)-(1+2+3) (1+2)-3
AS(3)-S(4)-S(3)-(1+2+3+4)-(1+2+3)-4

155a
Step2 : Westartbyconsideringthepartialsumsoftheseries:
S(1)-1
S(2)-1+2-3
S(3)-1+2+3-6
S(4)-1+2+3+4-10
andsoon.

Step3 :Now let'sobservethedifferencesbetween
consecutivepartialsums:
AS(1)-S(2)-S(1)-(1+2)-1-2
AS(2)-S(3)-8(2)-(1+2+3)-(1+2)-3
AS(3)-S(4)-S(3)-(1+2+3+4) (1+2+3)-4
andsoon.
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lim(n->00) AS(n)-lim(n->co)n

Step4:Wecannoticeapatternemerging.
Thedifferencesbetweenconsecutivepartial
sumsaresimplythevaluesofthetermsbeing

added.Inotherwords AS(n)-n
Step5 :Now,let'sconsider thelimitofAS(n)
asnapproachesinfinity. Mathematically it
canbewrittenas:
lim(n--00) AS(n)-lim(n--c0) n.
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Step 6 : Herecomesthesurprisingpart.In
mathematics, whenwehaveanexpressionof
theformlim(n_-00) n wecaninterpretitas
"thevaluethatnapproachesasnbecomes
infinitelylarge. Inthiscase thevaluen
approachesis positiveinfinity (c0).
Step7 : Therefore wecansaythatAS(n)
approachespositiveinfinityasnbecomes
infinitelylarge.
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S(n)- AS(1)+AS(2)+AS(3)+ +AS(n-1)+AS(n)

Step8:Now let'sgobacktoouroriginal
functionS(n).WecanexpressS(n) asthe
sumofthepartialsums:
S(n)-S(1)+S(2)+S(3) +...+S(n-1) +S(n).
Step9 : Applyingtheobservationfrom Step
4 wecanrewritethesumas:
S(n)-AS(1)+AS(2) +AS(3) +...+AS(n-1) +
AS(n).
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Step 10 : Usingthelimitwefoundin Step 6, we
canwrite:
00-S(n)-1+2+3+...+(n-1)+n

Step11:Therefore weconcludethatthesum
ofallpositivenumbersinthissenseis
.(00) consideredtobeinfinity
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Now,itisimportanttonotethatthis
interpretationofthesumisnotthesameasthe
usualarithmeticsumortheonel mentioned
earlier mydear.Thisindeed divergestowards
infinity. BeforeyouthinkI'mdisturbed thisisa
conceptfrommathematicalanalysisandisused
incertainspecificfieldsinmathematicsand
physics includingtheacademicfield thatyouand
Thavestudied.Itmayseem counterintuitive butit
demonstratesthebeauty and complexity of
mathematicsasafieldofstudy.Nowyou
understand whatIl meantbyapassion for
mathematics
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Mathematics, mydear asweagreed isindeeda
complexscience.However itscontentissimple.It
respondstoyourintelligenceleveloryour
simplicitylevel. A farmer mayunderstandit as
wellasastudentorascientist.Itbringstogether
thegenius theaverage andtheordinary.It
appliestoallofthemand presentsamethod of
understanding foreach.Isn'titbeautiful my
dear-
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Nowletmetellyouthatin mathematics thereare
sequencesknownasinfinitesequences.Inshort it
meanscreatingasequencethatisendless.For
example:

1+3+5+7+...(theseriesofoddnumbers)
2+4+6+8+...(theseriesofevennumbers)

Orasequencewherethenumbersincreaseor
decreasebasedonacertainpattern.
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Themainquestionthatmathematiciansare

-

concernedwithiswhetheryouknowhowtosum
theseseriesornot.Herewehavetwotypesof
series.Inthefirsttype asweprogress itbecomes
clear liketheseries:
1/2+1/4+1/8+1/16...
Theresultofthisseriesapproachesacertain
numberwithsmallvariations.Forexample, the
resultofthisseries1+1/2+1/4+1/8+...is2,andthe
proofofthisistheconceptofageometricseries.
Thistypeofseriesiscalledaconvergentseries.
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Thesecondtype mydear.isacursedseries.The
morewedelveintoitandsearchforanend the
largeritbecomes.Thistypeisknownasa
divergentseries.Forexample:

100m+200m+...+600m+800m+...+1600m +...
Inadivergentseries thereisnofinitesumor
specificend point. Thetermsoftheserieskeep
increasingindefinitely makingitimpossibleto
findafinalvalueforthesum
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Intheyear1703 AD,anlItalian mathematicianand
philosophernamed Guido Grandiemerged.This
scientistclaimed tohaveasolutionfordivergentseries.
Indeed Guidopresentedaseriesandprovidedasolution
forit.Despiteitssimplicity thissolutioncaused astirin
thescientificcommunity for about150years untilthe
19th centurywhenheproposed:
S -InfiniteSeries
S-1-1+1-1+1-1+1-1+1-1+1-1....
IfyouweretoaskmetocalculatethesumofS youwould
expectmetoanswer:
S-1-1-0,if Sstopsatthefirst2numbers.
S-1-1+1-1if Sstopsatthefirst3numbers.

—— P
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Ifweassumethatwestopattheeven
numbers(24,6,8 etc.). thesumwouldbe
equaltozero.Thisisbecauseinthegiven

series (1-1+1-1+1-1+1.1+1-1+1-1....). every
evennumber positioncancelsoutthe
previousnumber resultinginasum of
Zero.
However ifwedecidetostopattheodd
numbers (1,357 etc.). thenthesumwould
beequaltoone
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Ifwesubtractonefrombothsidesofthe
equation:
1-S-1.(1-1+1-1+1-1+1-1+1-1+...)
Ontherightside whenwedistributethe
negativesigntotheparentheses weget:
1-S-1-1+1-1+1-1+1-1+1-1+...
Now.ifwenoticethattheseriesontheright
sideisthesameastheoriginalseries S, we
cansubstituteit:
1-S-SByrearrangingtheequation we
have:

NENH |
2S-1
Finally bydividingbothsidesby2 wefind :
S-1/2
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Strangeindeed howcananequation
composedof 1 and0 haveasolutioninthe
formofafraction.-Thiswasthecriticism
prevailingintheworldatthattime.
However therewasagroupofpeoplewho
sawitasalogicalsolutiondespiteits
peculiarity.Sincethesumofthisseries
oscillatesbetween1and(,theyarguedthat
theaverageofthesetwovaluesshouldbe
thesolution.Therefore applying the
average thesumwouldbe:

(1+0):2-1/2
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Letmetellyouastory.Imagineyourself
mydearfriend quickly switchingthelight
onandoff.Suddenly yourfatherentersthe
room.Whatdoeshenotice:Surely thefirst
thinghenoticesisthathissonisundressed,
and hefeelstheneedtocorrectthemistake,
possibly throughdiscipline.Butlet'sfocus
ontheaspectofthelighting.Doesheseethe

roomilluminatedordarkened:The
answer thatGrandiproposesisthatyour
fatherwouldseetheroomhalf-
illuminated.
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Nowlet'sconsiderthe Grandi'sseriesandcallitS1 :

S1-1-1+1-1+1-1+1-1+1-1+1-1+1-1+1-1+....
AccordingtoGrandi thesumofS1is1/2.
Nextlet'sintroduceanewseries S2 :
S2-1.2+3.4+5.6+7-8+....

Now let'scalculateS2+S2:
S2+S2-(1-2+3-4+5.6+7-8+..)+(1-2+3.4+5.6+7-8+...)




S2+S82-(12+3.4+5.6+7...)+(1.2+3 4+5.6+7...)

S2+82-1+(-2+1)+(3-2)+(-4+3)+(5-4)+....

2S2-1-1+1-1+1-1+1-1+1-1+1-1+......

2S2-S1
282-1/2
S2-1/4
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TheIndian mathematician Ramanujanappearsandwrites his proof.
Let'scalltheseriesS3:
S3-1+2+3+4+5+6+7+8+...
S3.S2-(1+2+3+4+5+6+7+8+...) (1.2+3.4+5.6+7...)
$3.82-(1-1) +(2+2) +(3-3) +(4+4) -(5.5)....
S3-S2-4+8+12+...
S3.S2-4(1+2+3+4+4+6+...)

Therefore S3-S2-4%S3
S0,S3--S2/3
S2-1/4
S3--1/12
However thisresultisonly possibleundertheassumptionthatthesumofall
naturalnumbershasaspecificvalueintheend
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Thisisconsidered oneofthemostfascinating
mathematicalproofsIhavestudiedin mylife.
Itisverysimple yettheresultisastonishing.
Thesumofallpositivenumbersinexistence
equalsanegativefraction:lamamazed.
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Letmeclarifythatldidn'tunderstand
anythingandIdon'trelyonproofs. Alllknowis
thatthereisnorealconceptofinfinity, andeven

ifitdoesexist weshouldn'tassignitanamein
thefirstplace. Andnowyou'retellingmethat
therearepeoplewhocanaddupinfinitiesas
well

Iwillansweryou mydear thatallofthisistheoretical talk.
Itmeansthatnoonehasactuallyreachedinfinityand
collecteditinabagtoweighitandfoundittobe-1/12.So,this
answer atbestisatheoreticalanswer.Evenifitis
mathematically correctitremainsatheoreticalconcept

—— P
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Hendrik relyonRamanujan'smethodtoavoid
infinityinhisexperiment.Thesituation has
becomequiteembarrassingbecause onone

hand Ramanujan'smethodsuggeststhatthe
sumofpositivenumbersisnegative andonthe
otherhand itissuggested thatthereisnegative
quantumenergy filling thevacuum which
reliesontheformer.

Andhere mydear naturewillspeakforthe
firsttime
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In1997 theexperimentconductedbySteve Lamoreauxat
Yale University aimed tomeasurethe Casimir effect, which
isaquantumphenomenonthatoccursbetweenconducting
bodiesinaquantumvacuum.The Lamoreauxexperiment
involvedplacing two closelyspaced conductingbodiesin
thevacuumand measuringtheattractiveforcebetween
themusing the Casimireffect. Thisforcewasmeasured
usingadevicethatrelied onthe quantuminteraction
betweentheconductingsurfaces. The Lamoreaux
experimentispartofongoingeffortstounderstand
quantumphysicsand confirmthepresenceofquantum
energyeffectsinthequantumvacuum.Theseresults
contributetothedevelopmentofourtheoriesand
understanding oftheatomicand molecularworld atthe
— quantumlevel

—




Inshort mydear Casimir
wascorrect.andbefore
him, Ramanujanwasalso
correct. Thisistestified
bybothmathematicsand
physics combined
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Indeed theanswer from Ramanujanis quite
peculiar. How canpositivenumbersgivea
negativesum:Itsuggestssomething peculiar
aboutthenatureofnumbersequences.It's
possiblethatnumbersdonotprogressina
straightlinebutratherinacircularmanner.And
justasnumbersconvergeatzero,theymight
convergeagainatinfinity!
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Whenwecontemplatealittle we willfind that
everythinginlifeislikethat.Fromthefirst
electronorbitingthenucleusinanatomto

galaxiesswirlingaroundeachother goodgives
birthtoevil andeviltransformsintogood.
Civilizationsriseontheremnantsofother
civilizations, andevenknowledgeevolvesfor the
sakeofwar
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Inessence theconceptoftheexistenceofa
negativenumber withinaninfinitesetofpositive
numbersissimilartotheideaoflifeand deathfor

me.Wheneverllookatarecentlydeceased
person Iponderoverthedifferencebetweenthe
personjusthoursagoandnow.Forexample the
movementoftheheartcanbereplaced with
electricaldevices andbreathingcanbe
substituted butlifeitselfcannotbereplaced. We
don'tknowwhenlifebeginsinthe womb or when it
departsfromapersonwhohasjustpassedaway
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Evenintherealmofcinema thatmagnificent
standaloneartform,theactorswhoevokeyour
emotionstowardssadness whenthey finish
shooting theylaughand arehappy.Doesthat
constitutelying:Buthowdoesthatliemanageto
affectand arouseyouremotions:Canfalsehood
serveasafoundationfor truth andcantruthbe
builtuponfalsehood-Many questions arise
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ItremindsusofthephilosophyofTao thesymbolofYinand Yang the
negativeandpositive evilandgood.Mydear letthisquestionrevolvein
yourmind : Howdid wemanagetocomprehend infinity withoutever
seeingit-Doesn'titresemblelifeinsomeway-Youarecreatedandaware
thatyouwilleventuallydepart butyoudon'tknowhowyouwilllive
duringthisperiod betweenbirthanddeath. Weknow thesum total of
thisduration startingwithlifeand ending withdeath.Wealsoknow
thathalfofthepeoplearefemaleandtheotherhalfaremale butwedon't
knowthedetailsofwhowillhaveadaughterand whowillhaveason,or
whowillmarrywhom.However.the mostimportantconclusion
remainsthatmathematicswasinvented toreachsolutionsorlogicthat
aidsourunderstandingoftheworld.Ithasalsobecomeclearthatitlike
life sometimes precedestheanswersofphysicsindescribinglifeitself.
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Indeed mydear thisisthestoryofthe
MoonofMathematics the Moonthat
reawakenedthephilosophicalaspectof
mathematicsafterithadseparated
fromphilosophyforagesandbecamea
logicalsciencethatsolelystudied
numbers.The Moonthatphysicsowesa
greatdealto.
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Nowthatweknowthestoryofthe 'Mathematics
Moon,' I'mnowgoingtoplayagamewithyou.Doyou
likegames:Imaginethatinfrontofyouistheperiodic

tablecontaining allthe chemicalelements weknow,
with118elements.Let'simaginethatwe'regoingto
removeoneelementfromthetable notjustfromthe
tableitselfbutfromtheentireuniverse.Inyour
opinion whichelementifremoved woulddisruptthe
balanceintheuniverse:Thiselementisknownasthe
"ChemistryMoon." Let'sdiscoverthat...
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Let'sassumewechooseelementnumber26,iron.Imagine withmeaworldwithout
iron. Thefirstcatastrophicconsequencewouldbethedisruptionofhemoglobin,
specificallyinredblood cellsresponsiblefortransportingoxygeninthe
bloodstream.Theywouldnolonger knowhowtoperformtheirfunction resulting
inwidespread anemiaintheentirechumanpopulation.Additionally the Earth's
core whichispredominantly composed ofiron woulddisappear.Theironcoreis
responsibleforgeneratingthe Earth’'smagneticfield whichshieldsusfromsolar
radiationandotherspaceradiation. Withoutthismagneticfield solarradiation
andother cosmicrayswoulddirectlyimpactuswithoutanybarrier.Inshort,
anyonesteppingoutinthemorningwouldbeatriskofdevelopingskincancer.We
wouldbecomenocturnalcreatures dearfriend.So, weshouldbegratefulfor the
blessingoftheiron core.Atleastoursituationisbetter thanother planetslike
Mercury, whichconsistsof75%ironand could potentially disappear completely.
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Despitethecatastrophicconsequences
ofiron'sdisappearance itisintheend
justamineral.Regardlessofiron’srole
inthehumanbody humanshaveonly
beenusing mineralsforabout10,000
yearsfromnow,and thefirstmineral
weutilized was copper.Ifcopperwere
todisappear allourelectricaldevices
wouldvanish
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Let'stalkaboutelements whoseroleisevenmore
impactful.Ifweobserveourbodies we'llfind that
65%ofour compositionisoxygen.Ifoxygenwereto
disappear, wewouldsuffocatewithin 10 minutes.
Duringthose minutes allthe waterwould
evaporate turningintohydrogen includingthe
water presentinourbodies.Truly dearfriend,
thesewouldbeourleastconcernsatthatmoment
becausethe Earth'scrustconsists 0f46%oxygen.
Here I'mnotreferringtotheatmospherebuttothe
Earthitself.Oxygenispresentintheformofsilica,
whichiscomposed ofthe combination ofsiliconand
oxygen
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Thedisappearanceofoxygenwouldleadtothe
collapseofthe Earth'scrust.Unfortunately,all
buildings mountains forests andstructures would
vanish.Allofthisprovesthattheimpactofoxygen's
disappearanceisundoubtedly worsethanthe
disappearanceofiron.Someonemightarguethat
thedisappearanceofhydrogenwouldleadtothe
sameresults.
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Iwilltellyouthattheresultswillbeworse.Inadditiontothe
evaporationofwater theeffectsonhumanswillbecomeevenmore
catastrophic.Thehumanbody willcompletely decomposedueto the
hydrogenpresenteverywhereinourbodies fromthesimplest
chemicalcompoundtothemostcomplexcell proteins, fats, and
carbohydrates.Dearfriend thehumanbody consists 0f63%
hydrogen.Whilehydrogenmaynotbepresentinlarge quantitieson
Earthorevenintheatmosphere itwillnotleadtocollapseslikewhat
happened withoxygen.However itwilllead tothedisappearance of
thesunandstarsbecausethesunandstars deartfriend shinethrough
thenuclearreactionsthatoccurbetweenhydrogenatoms atomsthat
combineandproducehelium.Therefore auniversewithout
hydrogenwouldbeableakand colduniverse anditsdisappearance
couldbeharderontheentirecosmos.
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Buthonestly iflwereplaying this
game Iwouldchoosetowin.I
wouldn'tchooseiron,oxygen,or
hydrogen.Iwould choosethe
mayorofthechemicalelements.
Youmightnotexpectit butthis
elementistheonethatcarriesthe
worldonitsshoulders. Weoften
associateitwithevil pollution. anda
badreputation.Thiselementis
carbon.
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Ibelievel heardsomeoneamongyouwhoisnotconvinced
and claimsthatthedisappearanceofcarbonwouldbe
betterthanitspresence.TheyarguethatCO,CO2 CH4are
allharmfuland contributetoglobalwarming.Additionally,
everyyearconferencesareheldandlawsareenactedto
reducecarbonusageand carbonemissions.Insummary,
theybelievethatthedisappearanceofcarbonwouldlead us
toanenvironmentallyfriendlylife.
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Indeed dearfriend thedisappearanceofcarbonwould
haveasimilarimpactasthedisappearanceofoxygenand
hydrogencombined.Itis presentinallchemical
compoundsthatmakeupourbodies.Infactunlikecarbon,
hydrogenistheonethatassistsit.Literally dearfriend,
carbonisthe badboy. Inreality thebranchofchemistry
thatstudieslifeiscalled organicchemistry, whichmeansit
studiescompoundsthatcontaincarbon.Inshort carbonis
thefoundationoflifeon Earth.
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Dear.carbonisconsideredoneof
themostabundantelementsin
nature anditisafundamentalpart
ofalllivingorganisms, including
plants, animals, and humans.
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Itischaracterizedbyitsunique
ability to form multiplebonds and
createlongand complexchainsof
atoms knownassaturatedcarbon
compounds.Carbonisessentialin
organicchemistry whereitforms

numerousorganic compounds

composedofcarbonand hydrogen,
andmay also containother
elementssuchasoxygen, nitrogen,
andsulfur.
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Examplesoforganiccompounds
containing carbonincludealcohols,
fattyacids sugars proteins, fats,
carbohydrates andotherorganic
compoundsthatarepartofliving
tissues.
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Furthermore carbonisessentialin
inorganiccarbonmaterialssuchas
coal diamonds,and graphite.
Carbonisalsousedinthe
productionofplastics chemicals,
compositematerials,
nanomaterials and variousother
applicationsinmultiplefields.
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SomeoneamongyoumayarguethatI mentioned
ourbodiesarecomposed of63%hydrogen. While
carbonmayhavealowerpercentage hydrogen
remainsthedominantelement.Itistruethatcarbon
comprisesonlyaround12%,andevenoxygenhasa
higherpercentage.However theroleofcarbonin
organiccompoundsislikethatofaconductorinan
orchestra.Anorchestramayhave3or4individuals
playing thesameinstrumentbutthereisalways
onlyoneconductor.Theconductor controls
everything.
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Carbon,asImentionedearlier hasunique
properties.Letmeprovidesomedetails.Carbon,
dearfriend isthejokerofchemicalelements.It
consistsof6electrons:2inthefirstshelland4inthe
outershell.Ifyouhavesomeknowledgeof
chemistry youwould knowthatatomsalwaysseek
stability. Thisstabilityisachieved whentheouter
shellhaseither8electronsorisempty.Forexample,
sodium (Na) hasoneelectroninitsoutershell andit
seeksstabilitybylosingthiselectron.Ontheother
hand, chlorine (Cl) has7 electrons meaningitcan
gainoneelectronforstability.
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Dearfriend weoftenfind elementsthataremissing 1,2, or3
electrons, andtherearethosethathaveanextraelectronortwoor
three.However thereisatypethatcomeswith4electronsinthe
middle whichmeansitcangainorlosethemdependingonthe
circumstancesoftheinteraction.Carbonisoneofthechemical
elementsthathas4electrons.Itcaneitherloseallfourelectronsand
becomestableorgain4electronsandalsobecomestable.This
undoubtedlygivesitgreatflexibilityininteractingwithany
element.Inadditiontothis, whetheritlosesorgainsthefour
electrons itwillbeabletoformbondswithother chemical elements.
That'swhywefinditinorganiccompounds whereitbonds with four
otherelements. Therefore mydear thenumber ofcarbonatomsis
lessthanthenumberofhydrogenandoxygenatomsinthebody.
Carbon like Legoblocks canbeshapedand connected toanything.
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Iwillaskyouaquickquestion whydowe
need thisflexibilityinthefirstplace:Ifyou
look mydear atthesimplestlivingcell
youwillfind many componentsinsideit.
Thesecomponentsinteractwitheach
othertokeepthecellalive.Thereare
enzymes forreplication aprotectivewall,
andsoon.Allofthisexistsinasinglecell.
Nowimaginetheexistenceofbillions of
differentcells.Carbon withitsextreme
flexibility,is considered theonly element
thatcanbethefundamentalunitfor
everything.
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Actually,therehasbeenasuggestionorassumption. Weknow
thatthereareotherelementsbesidescarbonthatalsohaved4
electronsintheir outermostshell. Sowhyweren'tthey
candidatestobethebasisoflife-Forexample siliconismore
abundanton Earththancarbon.Thepresenceofsilicon
alongsidecarbonmeansthatithasanadditionalshell which
makesitlargerthancarbon.Therefore itcannotformprecise
compoundslikecarbon.Inaddition thesiliconontheEarth's
surfaceisunfortunatelynotveryreactive.ltformssilicon
dioxide (SiO2) with oxygen makingitdifficulttobreakdown
andformother compoundsfromit. However silicon mydear,
hasfounditsimportanceinindustriallifeand computers.Here
wenoticethedifferencebetweenusand machines :asingle
orbit. Wearecomposedofcarbon whiletheyaremade of
silicon.
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Thetrueflexibilityofcarbonbecomes
evidentwhenwemoveawayfromorganic
compoundstowardsinorganiccompounds.
Imaginetracingacarbonatomthat
contributestothemillionsofmoleculesin
yourbodyintheformofCO2produced
through theprocessofrespiration.This
atomparticipatesinacontinuouslifecycle,
beingabsorbedbyanyplantinnature.The
plantutilizescarbonintheprocessof
photosynthesis whichisessentially the
reverseofrespiration.Asaresult complex
compoundssuchassugarsandO2are
produced throughthis photosynthetic
process.
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Asforthecarbonatom itformsanewcompound
thatcanbeconsumedbyanimals or humans.
Consequently, when thisanimalburnsit thecarbon
atomreturnsintheformofCQO2.Alternatively,
whentheplantdies itdecomposes and thecarbon
atomreachestheground becomingpartofthe
fertilizer for anotherplantor joiningtherealmof
inorganiccompounds formingcarbonaceous
stonessuchaslimestone.Ifweleavecarbonfora
longperiodoftimeunderhighpressureand
temperature itcanformdiamondsorgraphene,
fromwhichmaterialslikelead pencilaremade.
Thismeansthatcarbon whichisthehardest
substanceintheworld canalsoformoneofthemost
brittlematerialsintheworld.
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Carbonisalsopresentinpetroleum naturalgas,
and methane.Alltheseformsofcarbonarethe
foundationofpetrochemicalindustry fromwhich
weextractandproducevariouscarboncompounds
suchasplastics.Inreality wearefortunatetobe
composedoftheelementthathasgivenustheability
touseandshapeitaccordingtoourneedsover
millionsofyears.
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Carbon mydear teachesussomethingvery
importantabouttheworld.Thereisnosingle
elementthatisthecauseofallourproblems.
Carbonmayhaveabadreputationinour minds
becauseitis presentinmostcompoundsthat
contributetoglobalwarming.However thetruthis
thatitexistsinorganiccompoundsingeneral.The
badreputationisfundamentallyrootedin human
actionsanduses.Therefore mydear wemust
respectthechemistryofcarbonandconnectittolife
morethandeath.
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Dearfriend wehavereached thelastmoon.After
gettingtoknowthe MathMoonand the Chemistry
Moon nowweareobligedtodiscover the Physics
Moonoutofrespectfortheprecisesciences.
Anyway mydear Iwillaskyouaquestion: Why
don'twehaveweddingsinspace:Inmy opinion,itis
becausetherearenosoundsthere.Additionally we
don'thavegravity.Thisiswhatwehavelearnedin
classicalphysics.
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Inclassicalphysics dearfriend itstatesthat
everythinginthisworldis composed ofparticlesor
waves.Whenyougoonatriptothebeach for
example youencounter twothings :theshoreand
thesea. Theshoreconsistsofsand particlesthat
haveafixedshapeandarelocatedinaspecificplace.
Youcantouchorthrowthem.Youcanthrowastone
intothewater orthrowaballintotheair,orsenda
rocketintospace.
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However ifyoulookatthesea youwillnoticewaves.
Awavecannotbetouchedorthrown.Itisa
manifestationofthemotionofaparticularobject.
Thismeansthattheremustbeamedium, suchasthe
ocean foryoutoobservethepresenceofawave.
However itisnotpossibletocreateawaveinspace.
Forexample soundisawavethatiscarriedbyair,
buttherecannotbeawaveinspace.Spaceis
essentiallyavacuum.
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Iwillaskyou mydear sincelmentioned thatwaves
donotexistinspace howdoessunlightreachus:
Surely youmentioned thatitcomesinthe formof
particlescalled photons. Thetruthis dearfriend,
youarethinkinginamannerthatcloselyresembles
Newton himself.IsaacNewton formulated atheory
statingthatlightconsistsof particles justlikeyou
exactlysaid.Itseemsthatyourthinkingresembles
thatofsomeonewholived350yearsago.
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Atthattime therewasagreatconflictamong
scientistsregardingthenatureoflight. Therewere
thosewhoproposedtheoriesand provided
evidencethatitbehavesasparticles whileothers
arguedthatitbehavesaswaves.However therewas
novoiceexpressing Newton'sthoughtsatthattime.

IsaacNewtonstated thatlightconsists of particles
thattravelinstraightlines and hesupported his
theorieswithequationsand experiments.




I B s Mo 9K ST
N AR T Uu. s
el 2 syl
ot L,uj; |4 Ufy\uﬁiﬁ\

ALl IS

Indeed therewereobservationsthatraised
concerns.Forexample iflightconsists of particles,
whydon'twehavebottlesoflightthatwe candrink

likewater or other particles: After all air for

instance canbeeasily trappedinabottle.
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Intheyear1818 the French AcademyofSciencesorganizeda
competitioninwhichapersonnamed AugustinFresnel
participated. Hewasacivilengineer butatthattime anyone
couldengageindiscussionsaboutphysics.Fresnelpresenteda
researchpaperstating thatlightiscomposed ofwaves not
particles.Heargued thatthebehaviorofparticlesdiffersfrom
thatofwaves.However amongthejudging panel therewasa
personnamed Simeéon Poisson, whowasamathematicianand
adevotedfollower of Newton.Poissonstudied Fresnel's
research whichproposedthatlightismadeofwaves andhe
informedusthatifweaccepted this proposition itwould mean
thatplacinganobstacleinfrontoflightwould create
diffractionpatternsattheedgesoftheobstacle.
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Iwillexplaintoyouthe meaningofdiffraction.Light aswe
know,propagatesinstraightlines.Iflightwerecomposed of
particlesand weplaced acircularobstacleinfrontofit this
obstaclewouldpreventthelightfromspreading whilethe
uncoveredareaswould continuetoallowthelighttospread
naturally.Adarkcircle knownasashadow would appear
behind theobstacle.However,ifweconsiderlightasawave the
raysontheedgeswould enter theshadowand formapointof
lightinthemiddleoftheshadow.Thisstatementwas
consideredfutilebyPoisson buttheheadofthe judging
committee FranGois Arago had adifferentopinion.He
proposedthatasaphysicscommunity weconductan
experimenttoseetheresults.Intheend Fresnelwasproven
correct.
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Therewasabrightspotinthe
middleoftheshadow whichmeans
thatlightbehavesasawave.This
meansthatNewtonwasliterally
wrong andlightismadeup of
waves notparticles.
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Yearsbeforetheexperimentof
lightdiffraction therewasa
physiciannamed Thomas Young.
AsImentionedbefore everyone
wastalkingaboutphysics but
Youngconductedaverysimpleyet
ingeniousexperiment. Thename
ofthisexperimentis‘thedouble-
slitexperiment,”andinmy opinion,
itisoneofthegreatestexperiments
inphysics.
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Thomas myfriend illuminateda
barrierwithtwoslitsand placed
anotherbarrierbehindit.Hesaid
thatiflightweremadeofparticles,
twolineswould appearonthe
secondbarrier.However iflight
wereawave aninterference
patternwouldappear.This
patternoccursbecauserandom
wavescollidewitheachother,
formingthispattern.Andindeed,
Thomas Youngconductedthe
experiment.
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Placingadouble-slitinterference
patternandilluminatingit
resultedinthisshape.
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Sotheevidencepiled up,indicating thatlightisa
wave.Newtonand his colleagues couldn't
counter this.ThencameapersonnamedJames
Maxwell.Maxwell mydear notonlystated that
lightisawavebutalsoexplainedits composition
andbehavior.Heformulated fourequations to
supporthisclaims stating theexistenceof
electromagneticwaves ofwhichlightisapart.
We mydear usethesewavesineverything like
themicrowave whichisliterally called
"microwaves." Andthus thedecisiveblowwas
delivered and thewaveteamtriumphedoverthe
particleteam.
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Butthisstatementdidn'tsitwellwithayoung
Germanman.Hequestioned howlight ifitisa
wave,could propagatethroughemptyspace as
thecharacteristicofwavesisthattheydon't
propagateinavacuum.Hewasreferringto
sunlight. Thisperson, mydear wasnamed Albert
Einstein.
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Butyoumustknow mydear thatinthephysics
communityatthattime itwasbelieved thatlight
isawaveandthatitpropagatesthrougha
substancethathumanscannotperceivecalled
the"aether."Theinventionoftheradiowasbased
ontheunderstandingthatlightisawave.
However Einsteindidnotaccepttheideaofthe
aether.Hebelieved thattherewasnowinneror
loserbetweentheproponentsofthewaveor
particlenatureoflight. Hestated thatlight
consistsofdiscreteunits likeparticles but
behaveslikewaves.Inotherwords.ithasa
frequency.Thatiswhyittravelsthroughspace
andreachestheEarth.
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Theseareunitscalled photons.This, mydear was
averyrevolutionaryidea.Even Alberthimself
saysthisisthemostrevolutionary thinghehas
done evenmoresothanthetheoryofrelativity.
HereceivedaNobel Prizeforthisidea notforthe
theoryofrelativity.
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Doyouremember mydear thedouble-slit
experimentby Thomas Young:Theexperiment
provedthatlightbehaveslikeawave while
Einsteinarguedthatitconsistsofdiscreteunits.
Inthefirstdouble-slitexperimentlightwas
directedasabeam.Butthistime somescientists
decidedtodirectitphotonbyphoton.Andindeed,
mydear theybroughtaphotongunandstarted
theprocess.
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Duringthisphotonfiringprocess itwasobserved
thatthephotonsinterferewitheachother,
leadingtotheformationofaninterference

pattern.Many questions aroseatthattime such
ashowaphotoncanbehaveasbothaparticleand
awave andhowitcanformapointonthescreen
afterbeinglaunchedasaparticle.Toanswer
thesequestions anewexperimentorratheran
updatetotheold experimentwasproposed.
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Theexperimentwasnamed "thewhich-way
experiment.' Thistime adetectorwasbroughtin
toobservewhichpaththephotontakes andhere
cametheshock.
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Atthatmoment physicswasliterally collapsing.
Thephotonsthatwerenotobservedformedan
interferencepatternandexhibited wave-like
behavior whilethephotonsthatwereobserved
behavedasparticles.Toresolvethisdebate,
scientistsdecidedtobringinaveryspecialtypeof
crystal.
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Thiscrystaldivided thephotonintotwohalves,
withonehalfbeingobservedbythedetectorand
theother halfleftunobservedtofallonto the
screen. Theresultwasthatthephotonexhibited
particle-likebehavior.Sciencecouldn'tfinda
logicalexplanation forthismadnesswhere
photons ifleftunobserved behaved aswaves but
whenobserved theybehavedasparticles.
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After thisexperiment specificallyintheyear
1920, 0oneofthemostsignificantdisputesinthe
worldofphysicsbegan. Thisdisputewasbetween
AlbertEinsteinandNiels Bohr.Eachonewanted
toexplainandinterpretthisphysicalmadness.




M‘-’f‘}gufd’ SR8 85,9
et s Ty
LﬁuW“wa‘»@‘ Lg,q)(wla-
uﬁ“ﬁ:ujy@mugé‘ﬂy‘

NielsBohrand Werner Heisenbergpresented an
interpretationknownasthe Copenhagen
interpretationofquantummechanics.Itwas
namedassuchbecausetheywerestudentsatthe
Universityof Copenhagen.Theessenceofthis
interpretationwas thattheequationsthat
calculatethewavebehavior oflightdonotgiveus
thedefinitepositionofaphotonbutrather
provideprobabilitiesofthelocationswhereit
mightbefound.Thephotonissaidtoexistina
superpositionofstatesuntilitisobserved.
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Inthisinterpretation itisassumed thatthese
probabilitywavesdescribethestatesofparticles
completelybutdonotprovideprecise
information aboutspecificpropertiessuchas
positionorvelocitybeforetheyaremeasured.
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Whenthestateofaparticleismeasured,a
phenomenonknownaswavefunctioncollapse
occurs, wherethestateoftheparticleis
determined definitively.Inthe Copenhagen
interpretation itisbelieved thatthiscollapseis
inherentlyrandom and thatmeasurement
affectsthequantumstateoftheparticle.
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TheCopenhageninterpretationfocusesonthe
conceptofuncertainty and quantumparadox,
asserting thatquantumtheorydoesnotallowfor
precisedetermination ofcertainvariables
simultaneously.Measurements and
observationsplayacrucialroleindetermining
thestateofthequantumsystem.
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Tunderstandthatyou'renotconvinced mydear,
butlisten tothispieceofinformation. When
scientistsrepeated thisexperimentwith
electrons whichweknowareparticles thesame
resultsappeared.Electronsexhibitedan
interferencepattern.Let'sexpandthe
experimentandreplaceelectronswithatoms,
andonceagain theresultwasthesame.
Unobservedatomsbehavedlikewavesand
formedaninterferencepattern.Imagine my
dear ifwefiredahumanfromacannon what
wouldhappen-Inreality accordingtothe
appropriatestandards wewouldalsoobserve
aninterferencepatternand wave-likebehavior,
notparticlebehavior.Evenifwefiredacannon
thatlaunchedplanets theresultwouldbethe
same!Andthestrangestthingisthatallofthisis

———

calculatedbyequations!
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Mydear Ibelieveyoudidn'tlikethat
statement. Well atfirst youusedto
thinklike Newton, andnowyou're
thinkinglike Einstein. Einstein, my
dear didn'tlikethisideaandsaidit
wasimpossibletobelieveinit. Hewas
notconvinceduntilhepassedaway.
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Einstein mydear wascertainthat
certainthingsareconstant and the
sumofl+1equals2.Itistruethat
individualsperceivethings
differentlyandsubjectively butwe
existwithinthisuniverse.For
example onepersonmaysitwitha
friend andsay thattheweatherishot,
whilethefriend perceivesitasmild.
However asphysicists wemeasure
thetemperaturetoknowtheobjective
reality.Wearenotconcerned with
howyoufeelorperceiveit. Thisis
knownasobjectivity.
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Modernscienceisbasedonobjectivity. Theuniverseis
anobjectiveentitywith fixed coordinates and
measurablepropertiesthatcanbestudied. However,
whatNiels Bohrdemonstratedis thatthereisno
specificreality ¢ instead therearepossibilities for this
reality andwhenweobservethem, oneofthese
possibilitiesbecomesrealized. Thisisincomplete
contrasttoeverythingbeingfixed.Therefore itisnot
objectiveandalsonotscientific.
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Mydearfriend thisdebatehasnotbeensettled tothis
day.TheimportantthingisthatEinsteindidnotagree
withthisnotionand used toaskNiels Bohr,"Doesthe
moon ceasetoexistifldon'tobserveitorifl turnaway
anditisbehind me:" Allthese questionsled ustorealize
thateveryobjectsurroundingusisnotpurelyawaveor
aparticle butratheradisturbance.
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Andthisistheresultaccordingtothequantumfield
theory.Ofcourse youmaynotfullygrasptheconceptof
disturbanceinfields butitisnecessarytounderstand
thatlightisneither purelyaparticlenorawave butas
wementioned itisadisturbanceintheelectromagnetic
field.
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Thereisafamoussayinginphysics known as"shutup
andcalculate." Aslongasthelawsareaccuratefor
calculations, thereisnoneedtodelvedeeper.Asfor
everyonementionedinthischapter wecannotsay they
arewrongorright.Eachofthemformulatedlawsthat
yieldedresults, and that mydear friend isthebeauty of
physics.




PR P WIS VIS P R W
Uydﬂ\u)g\uu.sy%dﬂ\ﬁa]\
Ao W gloe s (b okt lisisle]
;IJ_,J\L;UM\L;V\]\JJ\\JMW_,_,

Lﬂic Ulais|ms | sioes ol llgol
Jaﬁ LC(d.S.S WJJJGQJ\:\-‘
ol el

Inshort mydearfriend thisisthestoryofthe moon of
physics—themoonthatmadeusreturntoobserving
theuniversearoundusandreframeit attemptingto
understand and describeit. Thismoonreawakened the
philosophicalaspectofphysics whichhadseparated
fromphilosophyforages anditbecameaprecise
science justasthemoonofmathematicsdid.
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Intheend mydearfriend theterm 'moon"is
relative.Ordinarypeoplesaythatthemoonis
theshiningstarofthenight whilechemists
recognizeitastheelementcarbon.Physicists
haveadifferentview asthedouble-slit
experimenthasilluminated their
understanding makingittheir moon.
Mathematiciansidentifyitas-1/12becauseit
hasbroughtbackthespiritualaspectto
mathematics. Andforlovers,itrepresents
theirbeloved.Butifyouweretoaskme from
my perspective youarethemoon mydear,
theenlightenedmoon.







