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In this secondnstallmentof our weekly Monday series atmeagwali.corpwe focuson his
discoveryof how to accurately solve the most important problem in mathemptigaics.The
discovery was made in 1982 but made the news in 1989 as part of a larger discovery.

Regards,

emeagwali.com

Solve the Problem, Not tHermulal

By Philip Emeagwali

Edited and updated from a private seminar deliveredRlyilip Emeagwain Washington D.C. (near the White
House) in December 1982y R+ G F 3L G KSNAyYy 3 2F GKS 2K2Q&a ash Ay (KS :
Washington Somelecturevideosare posted atemeagwali.conandyoutube.com/emeagwali
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fiYour Forceis not equal tany ma. WhenFi ma,
then thecontract between mathematics and physi
is violatedo | saidasthe guestspeakeat the
International Cogress orindustrial and Applied
Mathematicsheldon July 8, 1991, in Washington,|
D.C. This wasthe World Cup of Mathematiés
held once every four years.
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| was asked ttalk abouthow thenine partial differential equations | had inven&th the most
advanced fornof calculu® could be used to recover more @uring my presentation,told
my audiencehat the equations all textbookson porous media flowerenotequating to what
is inside a petroleum reservaind for that reasorthealgorithmsused by the industmyould not
accuratelysimulat the reservoirWhile they pondered my bold assertibopntinued:

"A mathematicaiodel s anapproximation with a
little falsification. However, summing three forces,
where we should suffiour, is agreat falsification In
modelingpetroleum reservasy the fourth forcé
inertiad is the proverbialuncle noother family
membewant s to talk about.

| insisted that since myodel is a mathematical
representationf the reservad insidetwo-to-power
| sixteen,65536,computersnterconnectedy sixteen
times tweto-power sixteenor 1,048,576hi-
directional communication wires asupemternet
it should account for athefour forcesin it just like
aclaymodel ofa dog, should have four legs, not
three

How ironicthat I, athen36-yearold supemternet
scientistwasexplainingthe simulation opetroleum
~ reservoirs to mathematicians, physicists, and
geologists\With my discovery, | had essentially
enteredpetroleum englneerln@rough the back doan my effortsto applythe Second Law of
Motion farther, wider, deeper, and higher, along the tdoes of physics, mathematidsyo-to-
power sixteenor 65536, computes that defined a supercomputand theirsixteen times two
to-power sixteenor 1,048576, interconnectioathat outlined a superinternigat is
metaphorically shaped as a cube in the sixteenth dimengithreachdirection yieldng a
different vision of thésecond Law of MotionMy goal was tae-discover the Second Law of
Motion and allof its derivativeequations and algorithms, began with a blank sheet of paper.

In physicsfito discoveois to create newnowledge thapertairsto matter and energy and their
interactionsSimilarly, in geophysicsito discover oib means to extraap to 5846 additional oil
by secondary recoveryhich isimportant becausenty 10%can beextracted by primary
recovery(i.e.,drilling a hole inanoilfield). As background, note tha¢sondary recovery
requiresinjecting waterinto areservoirto drive the oil tothe production wellslt thus required
increasing the inertial force that we ignoré&tie first step in secondary recovgtlyereforejs to
use theSecond Law of Motiomo accuratelysimulatethe flow of oil, water, and gas withthe
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reservoir The software used to do this simulatiertalled petroleum reservoir simulator.
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So whatdid | discoverin physic® How will | discovered thaExxon, Mobil, and Shell

it increase the oil recovered summed only three forces within their
simulator® namely pressurejscosity, and
gravity. Seeing thaa fourth force, inertia
shouldalsobe summed notedthatusing
the sum obnly three forcesF (the applied
forcein the simulatoywill notbeequalto
thema in the reservoibecausehe reservoir
contains fourfforces.Based on my findings,
| told the oil companies

| discovered that geophysicigtad
misappied the Second Law of Motigrand
consequently hashaccuratelysimulatel
petroleum reservoirg.helaw, discovered
330 years agas the most importan
discovery in physigshoweverjt was
wrongly appliedn oil recovery

As is well known, the&second Lavof
Motion defines the relationship betwedre
mass (m),acceleration (a), andppliedforce
(F) of the oil, water, and gas inside a
reservoir( F' = ma). As is not well known

AYour force isnotequaltoy our r eser voli
mass times acceleratiofl ma. In my view,

I = ma is awell-knownformula thatis not

knownwell by thosewho need to know it

o ) the moso
until | discoveredt wasthatin petroleum
reservoirsimulators F is not equal tana! An equation is aelation between the left
part and the right padf the equality sign.
In my supercomputer calculatiorigealized We have two equations: one inside the
that onlysomeof the forces wereummed| supercomputer and the other inside the
pointed out that we shouklimall theforces reservoir.Theleft part in the supercomputer

acting on the oil, water, and gad equate is not equal to the right part in the reservoir

themto theirmass times acceleratiowith . .
. . The physicst who simulates petroleum
this insight in mind) de factodiscovered reservoirs cannot claim to fully understand
that all petroleum reservoir simulasosire the Second Law of Motionor F' = i,
less accurate whehey violate the Second which hédshelearned in high schooHe/she

Law of Motion. Wheras i mu | fartesr 6 s can only make such claim afteorrectly
notequaltd he r e masstimesi r 6 s summing all four forceswithin areservoir
ard appying that knowledge toecover

accelerationthe accuracy of theeservoir :
more oil

simulator is reduceds isthe oil recovered
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As ansupemternet scientist, am the petroleum reservoir simulatdvly invention
outsider to physice/ho sawthe inertial was to make forcequal to mass times
forcethat was previously unse@many accelerationn simulatorsandthus to
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rediscoverthe Second Law of Motion within
simulators

My discoveryoccurredwhile | wassolving
one of the 20 Grand Challengeblemsof
supercomputingn two-to-power sixteen, or
65,536 computerghat wereinterconnected
by sixteen times two-power sixteen, or
1,048,576, bdirectional communication
wires as a supgternet(a term that |
coined) It occurred becaudevasaware
that physics informalgebra, justaalgebra
informs catulus. | understood thatlculus
informs algorithmjustasalgorithminforms
eachcomputer And | knew thatach
computerusedts supemternetconnection
to inform itssixteennearesneighboring
computers

In what ways is this discovery game
changing?

Whenthe inertial force is not summethe
derivativeequationd at the algebra,
calculus, and algorithm levélsare not
informedregardingthe missing inertial
force Thereforeall the 65536 computers
will be misinformedthatF ma This
violation of the Second Law of Motiomill
cripple the reservoir simulat because each
of its billions upon billions ofalgebraic
equatiors will be derived from the
unbalance /" = i andwill also be
unbalanced.

For the same reason, tieenic equation of
geology and engineerindgthe 160yearold
Dar cy 0 s0 i$ unbalanedd.a
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discoveredthabar cy 6 s ordyquat i on

summedsomeof the forces. torrected it by
summingall the forcesIn essencd re-
discoveedDar cy6s for mul a.

Remonng the inertialforce de factoreduce
the most important equation the history of
sciencdn its most important applicatién
the recovery of 08 to an equation without
an equal=) sign.I think of thethreeforces
in thereservoir simulatoused by Exxon
Mobil to recover oilasa fourchapter book
that is missing one chaptédr like a three
legged dogThat illustrates my thinking
whenl putthe missing chaptérinertiad
back into the storgf oil recovery

As for me,l am wellknown, but not known
well. What was not known well was that |
anchored mya.1 billion calculations per
secongdwhich made the news in 1988,the
laws of physicsl programmed my
supercomputer assaipemternet with he
Second Law of Motiomsmy north star
When mathematiciaiosetheirway, the
laws of physicshouldserve as sign®ach a
compasgointingthemback tothe correct
path.In the end, the forces in our physical
world must correspond to those on our
storyboard, blackboard, and motherboard.

| exhorted mathematical
physicistsy at f Ssbl&eS =
the problem, not the
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M.Nelkon & P Parker

Advanced
Level
Physics

Third Edition With S| Units

¢Advanced

Level Physiédy Michael Nelkon and Philip Parker was first published in 195&d the 1970 edition of this book
to selfteachmyselfduring after school hourat Sacred Heart Primary Schawollbusa (Nigeria) ih972. The
mathematics | created came from the Second Law of Motion described in high school physics textbooks such as

the text above.
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This is the publicity photo for a lecture | gave on July 8, 1991@l AM 691, which is the Worl:
Mat hemat i cs. I told the fieldbés foremost exgemwarts t hat
[Philip Emeagwali, 1990
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Philip Emeagwalivrites on the boarthe actual equations used by Exxon (riexxon Mobil) to

simulate the flow of oil, water, and gas inside its reservoirs. He discovered thaiinetions
did not reflect realityand corrected their errdemeagwali.co
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