Now I am Become Death

Fall, 1943 CE. Sarah, a bright, young physicist and mathematician, works with Richard Feynman
at the Manhattan Project lab on a desert mesa called Los Alamos near Santa Fe, New Mexico. Under
Feynman’s loose supervision, Sarah will design the procedures, and then test the mathematical
formulations needed to measure experiments with bomb architectures, container shapes, and

expansion rates of bombblast effects.

Now I Am
Become Death

Sarah’scolleaguein the Theoretical Division’s Diffusion Unit
isnamed Konstanty. Heisthe American-born sonof aRussian
émigré, whoarrived withhisfamily followingtheeventsof
1917.Konstanty’sfamilywas devoutly Russian Orthodox,
and there wasno place for them in the new Russia.

Inordertosecurehiscitizenship, Konstantyjoined theUS
Armyas soonashe came of age. There helearned important
skillsin the managementand use of malleable, high-intensity
explosives. Heapparently had notlearned enough of the most
important skills because hislast explosive setup blew upin the
process of connecting the firing changes to the triggering device.
Such accidents among those trying to rapidly learn new technical
skills and scientific methods werenotuncommonin themesa’s
intense design, development, and testing environment.

Sarahisnow faced with finding a replacement for the
bedridden Konstanty. Worse, shehasalready been dealing with
theneed tofillasupervisory vacancy for the computation unit.
Thatunitischarged withrunning alltheexplosiondata
throughacomplexseries of procedures, allthrough the use of

hand-cranked calculators, to determine whether a particular experimenthasproduced useful data
and, ifuseful, whatitshowsabout the effectiveness of a particular design of the chamber within the
bomb that will trigger theexplosion.

Dr.Richard Feynman, theleader of the Diffusion Unitand Sarah’simmediate supervisor, hasnot
been of muchhelpsofar.Feynmanisyoung, and his contribution to the project is a rare combination
of theoretical brilliance and practical experience with mechanical gizmos, radios, electronics,and
household appliances gainedinhisfather’sBronxrepair shop. Feynmanissooftencalledaway to
helpuntanglesomecritical probleminsomeotherhigh-priority operatingunitthathehasdelegated
almost all of the operations of the Diffusion Unitto Sarah, including, as her firstassignment, the
recruitment of her two primary subordinates.
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Severalmonthsago, Konstanty had called outtome. “These calculations are fucked up, Sarah!

Do them again.”

This was shortly after I began working here on the mesa.

Shortly afterhisaccident, Iwent to visit Konstanty while he wassstillin the coma. [remember
swearing to myself, butsoftly. [was sorry to see him in the state he was in. Konstanty and I hold the
same relative position in the Diffusion Unit, but he has always made it clear that he thinks himself
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smarterthanme. Eitherthatormaybehethinkshehasmore pull with the project’ssenior managers.
Heclaimed afriendship with Dr. Edward Teller,a Hungarian physicist withbushy eyebrowsand a
deep accentwholostouttoBetheinthe competitionforthejobofleaderof the Diffusion Unit.

Iwondered why he would brag of his Teller contact because Feynman might be a little sensitive
about Teller. After a while, though, it became obvious tome that Feynman paid no attention to Teller
unless, of course, Tellerhad atechnical problem thatneededhisseriousattentionand focus.

Aspartof myintroductionstothe othersciencemanagersonthe project, Imet with Dr. Edward
Teller in his office. Teller had also been assigned to the Theoretical Division and came to the project
around the sametimeldid. Heisagregariousmanwhocanbecharmingaslong asthesubjectisn’t
abouthis qualificationstodohigher-level work or his concerns with the capability of those whonow
hold the positionswhere thatworkisdone. Hecangetalittleheated onthese topics,asIThave
learned.

Ichanged thesubjectby alluding toasmall stone Tellerkeepsinhis science library, next tohislab.
The stone hasa deep blue color that seems almost translucent.

“lam asecret gemologist,” he says, his Hungarian accents undiminished. “Iappreciate the unique
qualities of the stone, butthe stoneisrare and thereis nothing in the literature available to me that
speaks of this stone orits possible origins. [have never really had time to devise and run the tests
necessary to determineits chemistry, nor haveIbeenable to determine where it came from or what
its value mightbe.”

Thoughhe hasnoidea where the stone came from, Teller insists that James Clerk Maxwell once
owned thestone, keepingitinthelibrarynext tohislab atthe Cavendish Library, whichis why Teller
keepshis “pretty blue stone” on the shelf next to his lab.

I'told Teller that Iwould love to look into the origins of the stone, but I never found the time to
follow up with him. It was clear to me even then, before Konstanty’saccident, that the timeI would
need to determineits originsand rarity was simply not going tobeavailable tome, givenhow I
needed to support the design and development work necessary to make the “gadget” work.

Following Konstanty’saccident, almost all my time will be devoted to doing both my job and hisin
Field Services. I tried to read the brief scribbled notes that Feynman had given me on the math and
physics problem hewantsmetofocusonasIstarted myworkhere. Hehad told me that myskills,
experience, and graduate papersinmath suggested tohim that I “could make a major contribution
to the work here.”

I was very flattered and very pleased.

Feynmanhasneverreally satdownwithmetodiscusstheoverall purpose of his unit, nor his
personal, particular, and specificinterestin the workathand. Feynman’sskills, experience, and sheer
brainpowerare sobeyond anyone in my experience that he is often called out to work on various
technical emergencies on the Project. Thisis all the moreimpressive, asheistheleading physicistin the
world forhistwenty-fouryearsof age and his very green, two-year-old PhD.

His work onthe Manhattan Project, fromits earliest days with Fermiin Chicago, hasalwaysbeen
clear, and focused. He sees himself helping to lead the effort tountangle the theoretical issues and
problemsin the way of designing and building a deliverable atomic bomb. For years there have been
rumors that German Chancellor Adolf Hitler has a bomb project underway that is similar to our
Manhattan Project.

Finally, Feynmanand the project’ssenior managerslike Bethe, Oppenheimer, and Groves were
admonished to build a deliverable bomb before Hitler could. They were tobuild abomb powerful
enough tobreak the back of the German military and, thus, end the war.
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In one of my only significant face-to-face conversations with Feynman to date, he pointed to an
organizational chart, to a box fairly high up on the chart labeled “Diffusion Unit.”

“My officialjob is group leader for the Diffusion Unit,” he explained. “Among other things,Iam
responsible for the mathematics, and the design, configuration, and testing of various ideas about the
size and shape of explosive effects —how to manage the effects of bombblasts, in other words. Yourjob
is the mathematics. Let me know if you have any questions.”

Feynman'’s chart showed branches to two smaller boxes below the Diffusion Unit box. One was
marked “Computation,” and the other was marked “Field Services.” Computationsisasmall staff
of mostly women—many of whom are the wives of project scientists and facilities staff —who work
through the masses of data generated by a single bomb blast test. Field Servicesisa small staff of
mostly men who will build the blast chambers to my own specifications. Other Field Services staffers
willbuild and install theexplosive devices, and thenthefiringand safety mechanismsneeded to
control theexplosion. Finally, another group will install the sensors, telemetry, and audit procedures
needed to generate accurate data on the composition of blast effects.

One of my senior staff very young, very new but very well educated, eager and ambitious asked
why there were three separate elementsin the work of Field Services. “The three elementsreally have
very little to do with project security. Each of the three elements are areas of knowledge thatmustbe
developed by separate teamsbecausenoone team can develop and testall the proceduresnecessary to
build the gadget within the project schedule. The key thing to understand,” I continued, “is that the
processofcoordination, communicationand dataexchangebetween the three teams will be critical.
Thatis myjob, and yourjob as my subordinate. With respect, if you don’tfeel up to this you must tell
meimmediately.”

Thestaffernodded. Heseemed chastened butresolved todothejob needed as he walked out of
the room. I had to smile.

Once everything has been installed and tested for normative function, a lucky member of the Field
Services staff touches off the explosives and creates a big boom, usually with lots of smoke. It is a
great job, though dangerous. This real danger became the lesson we all had to learn; not just
Konstanty.

Ihaveno problem figuring out what Feynman wants to see from me. Myjobis the calculus, and I
have touseand adapt Newton’s250 year old methodsformeasuring therelatively slow speedsof the
planetsaround their orbits tonow measure the speed of individual atoms moving, in theirbillions,
inorbit, around theatomicnucleus, eachnear the speed of light.

From talk among some scientific people Ihave gotten to know around the project, Thave gleaned
some insightinto exactly how the particles at thesubatomiclevel would begintomerge once thefissile
materialreaches critical mass.

In one design, known as theimplosion model, two pieces of highly radioactive plutonium-239 are
jammed togetherina precisely shaped chamber by a conventional explosion. The efficiency of that
jamming together would also dictate the efficiency of the resulting nuclear fission and, therefore, the
success of thebomb itself.Inasecond design, known as the gun model, a piece of highly radioactive
enriched uranium-235 isliterally shotatasecond piece ofhighly radioactive enriched uranium-235.

Ihave been on my own in the development of the precision calculus and the physical testing of
variousbomb and container shapes.Ilearned earlyinthe processthatadvanced calculususing
multiple partial differential equations is fairly straightforward, but equations that must account for
quantum factors and must use statistical mechanics in reporting the resulting output are almost
infinitely more complicated.

The word “quantum”had not yet really entered the scientific vocabulary outside the physics
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community. In the seventeenth century Sir Isaac Newtonhad called the gravity thatholds planetsin
orbit “actionat a distance.” In the twentieth century Albert Einstein did have the word quantum
available, buthedid notaccepttheimplications ofit. Hecalled the quantum measurements that hold
the atomic nucleus together with its family of electrons “spooky action at a distance.”

When I first set up my office, I lefta note for Feynman asking hisadvice onreference materialsfor the
latest thinking on the mathematics of quantum physics. He replied with another scribbled note: “If you
don’tknow Maxwell'sequations, start there, and write me a summary of what you learn.”

I was momentarily puzzled. Surely thinking that was eighty years old, as Maxwell’s was, could not
be thought of as thelatest thinking in the rapidly evolving science and design of a nuclear fission
process driven by wartimeemergency. Nevertheless, Iresolved tofind the paper Maxwell had
written and published on the subject.

WhenIchallenged Feynman on how old Maxwell’s work was, heinsisted thatIconstantly read
abouttheevolutionofknowledgeaboutthe structure of the atom, itsnucleus, and the dynamics
withinits cloud of electrons. After Faraday and Maxwell. “Einstein’s Special Theory of Relativity,” he
added, “is amust.

“Youcould alsostart with mynotes on Fermi’swork on the pilein Chicago for an overview of
how I view these interactions and how they are driving the work here. My doctoral thesis might be
useful inunderstanding my work on’sum-over-paths.”” Then Feynman was gone, and I had noidea
whenImightsee him again to ask questions about the things I would be reading and the knowledge
I'would be gaining.

Eventually I came to understand that detailed design on the prototype bomb itself would depend on
the accuracy, perfection, and reliability in the results predicted by whatever calculus I will come
up with.

For all his bullheadedness and badmouthing, Konstanty had helped me inmywork.IThated toadmit
it,buthehadbeenrightaboutthecalculations derived from the particular test configuration that got
hishackles up.Shortly after that, Konstanty was seriously injured by atestexplosion gone wrong. I
had been devastated, but the pressure of the work was so intense that had to put my personal feelings
asideasIbeganasearch for another assistant.

Thissearchwillbe difficult. Thavetofind someonewhohasalotof experience with applied math
and the necessary social skills to help guide thehuman computers who dothe computationsbyhand.
Theywillneed tounderstand theimportance of these computations, which willeventually lead to
something much more mysterious, and much more dangerous, than anything analysis alone can
lead us to.

Outof thestack of possible candidates senttome from the Army personnel office, Thomas name
and credential stuck out. Thomashasa recent master’s degree in mathematics from Brown
University. Hehas solid paper credentials forthe work; has published acouple ofarticleson the
application of statistical mechanics; and, though itisnever certain, itlookslikehe can passtheintense
security surrounding anything todo with the project.

Also, heappearstobe willing to putup with the highly secretive, sometimes aggressive recruitment
processthatprecedes any appointment to the Project. Sometimes that willingness on the part of the
candidate, by itself, raises red flags among those involved with recruitment. When a flag israised
everything stops until the problem or questionisresolved. The resolution ofhigh-level security
concerns oftenrequires anextra pushby Feynman; by his boss, Hans Bethe; and by the Project’s science
manager, Robert Oppenheimer.

Thomas’s main problem, it seems to me, is that he is young and does not know anybody in the
higher reaches of advanced math and physics in play on the project. After all, Enrico Fermi,
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formerly a professor of physics at the University of Florence, succeeded in conducting a sustained
and controlled nuclear fission reaction in the basement under an unused squash court at the
University of Chicago on December 2, 1942, only about 10 months ago. Before that, plutonium,
along with uranium, the two materials to be tested for the most efficient bomb fuel, only existed in
theory. Thefacilities for making the fuel donot yetexistin physical space.

Fermihimself, with his Jewish wife, Laura, isaliving example of what isreally atstakein our global
waragainstthe AxisPowers. Noltalian scientist, especially not one as accomplished as Fermi, was
allowed to leaveltaly underthefascistregime of Mussolini, but Fermi’searly workin nuclearphysics
wassofundamentaland soimportantthathewasawarded the Nobel Prize for Science in 1938. The
Italian government allowed him and his wife to go to Sweden to accept the prize. After the ceremony,
they never again returned to Italy.

On the day Fermi’s “atomic pile” in Chicago created and sustained the world’s first nuclear fission
reaction using uranium-235, the coded message to President Roosevelt was: “The Italian navigator has
landed in the New World.”

Thaveread through theletters of recommendation for Thomasseveral times. AsIlookatthem,
again, thecommentsofhisadvisorsand professors still glow with enthusiasm. They have told me
that Thomas has thoroughly studied James Clerk Maxwell’s primary, world-changing work on
electromagnetism. Thomashaswrittenacouple of papersextending some of Maxwell’sideasin ways
that could enhance our work in the Theoretical Division. Plus, in the words of one mentor, “Thereisno
question inanybody’s mind that Thomasis the smartest guy in the room.”

“Evenathisyoungage,” one of hisadvisorssaid, “Thomas has written at least two very insightful
papers on Maxwell’s experimental work on optics, as well as additional monographs on electricity and
magnetism, and he understands the fundamentals of math innew and creative ways.”

Itis these heartfelt recommendations that cause me to literally ignore all the other noise associated
with his somewhat offbeat upbringing and family life.

Besides, I have such an urgent need for someone who knows enough advanced math to oversee the
calculation process that I have practically begged Feynman to speak for this candidate with Hans
Bethe,and with Oppenheimerifitbecomesnecessary toease Thomas pastany security concerns.

Ilearn from his file that Thomas has one other problem, interesting and largely unprecedented since
Alexander Hamilton fought alongside General George Washington in the Revolutionary War. I tell
Feynman that Thomas has family in Haiti. His parents now live in New York City, and one of his
parentsisblack. Heis the great-grandson of slaves.

Iamonthewoodensidewalk connecting some of the Army-style living quartersaslarguemy
casewith Feynman. Asidefromhisbrilliant workintheoriesrelevanttobomb design, Feynmanisa
very popular guy around the Projectmostly because heisalwaysavailable tofixsomekind of machine
or pickajammed lock thatisholding up progress onanother scientist’s urgent project.

Feynman isinitially reluctant to put a word in for Thomas. From my description, he says, it sounds
like he might have to use up many, many of his precious political and organizational chitsin order to
bring a half black, untested mathematician with a Caribbean accent onto the project. Worse,in
Feynman'seyes, Thomas may notreally know anything useful aboutthenew mathematical minutiae
weareusingthatisneeded tokeep the data that drives the project’s fission design, testing, and
developmental processes on track.

lintend to persistenough tokeep the pressure on until Feynman quits fighting me.

Suddenly, though, Feynman makes a decision. “Allright, Sarah.T'll include a meeting with
Thomas during my next trip to the East Coast to consult with project scientists there.”
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I am delighted and somewhat flabbergasted with Feynman'’s initiative on my behalf. Iexcuse myself
and gotomy office tostartmakingthe arrangements by phone after working out the details with our
designated security officer on the mesa. Thomas will come to New Yorkto meet with my avatar, a
“departmental superior” atthe university lam “recruiting for.”

When Thomas asks me whatuniversity thatmightbe, I can only say, following instructions from
Groves’ security staff, that they are involved with a wartime project thatis top secret. Thomas accepts
thisidea and agrees to wait for the departmental superior to show up.

Itellhim that that person will simply sit down athis table at a well-known restaurant in midtown
Manhattan and introduce himself as Dr. George Brown.

The “well-knownrestaurant” and the details of when and which table willbemadeknownto
Thomas withintwodays of themeeting. Histravel and hotel arrangements will be taken care of. He
will only need to come to the designated ticket window at the railroad station in downtown Providence,
Rhodelsland, and introducehimself as ThomasBrown from New Orleans. The ticket agent will then
hand him his already paid-for train and hotel ticket package.

I found out later that, in the back of Thomas” mind, he could not entirely suppress theidea
that thiswasallahugejoke.If helethisimagination flow freely, he could see someoneina plain, dark
brown overcoat jumpingoutofthebushesathiminNew York, threateninghimwitha handgun that
poppedaflagoutofthebarrelmarked BANG! Hechuckled at the notion.
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Sometimes,Igetbogged downinatangled pursuitofsolutionsto one of the problems typical of
Feynman’s requests. During myadvanced coursesin calculus, I had learned to recognize the pointin
the pursuit of a solution whenIneeded to stop trying to force a path to an answer and take amental
break. Everybody doing thiskind of work hasto know how todothis.Iwould getup frommy
worktableand walkaround, orIwould liedown onthe couch and takeanap, orIwouldleanback
inmy chair and begin a process of woolgathering over things thatI knew tobe more pleasant.

Ihave oftenrecalled the day —Friday, April 30, 1943 —thatI arrived at the train station in Lamy, New
Mexico, after a three-day trip from Chicago. Lamy, a tiny town with abig railway station and abig
hotel, the Ortiz, was as close as the Atchison, Topeka, and Santa Fe railroad ever got to New Mexico’s
state capital. The engineers wholaid out the route realized thatthe hillsaround Santa Fe madeit
impossible toruntherailway directly into the city.

A small spurline had been extended in 1896, and many new arrivals like me took this rail spur the
fourteen miles from Lamy into the small station in Santa Fe. Feynman wanted me to get the best
possible treatment, such asit was, on my way to the mesa withitshectic, gritty, muddy world andits
barracks-stylebuildingsknowntothecivilianand military inhabitants as Los Alamos.

Iwasapproachedbyaciviliandriveronthestation platform, who greeted mebyname.Idid not
know thedriver,butIhad been thoroughly briefed on the security protocols and procedures on the
Project.Iknew a strangemanin civilian clotheswould approach me, speak my firstname, and take my
bag toa car parked nearby. Once in the car, | was then driven to a pleasant residential compound at 109
EastPalace Drive near downtown Santa Fe.

The entry to the compound was marked by a small, blue sign with red lettering that read,
enigmatically, U.S. ENG on the top line, and then, on the bottom: RS. This was the only point of
contact in the city for almost all civilian and military personnel, and for much of the material passing
through Santa Fe on the way to Los Alamos.

Onceinside the compound, Iwas taken to a small office in the back. There, Dorothy McKibbin
greeted me warmly.
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“Ithink youmustbe Sarah,” Dorothy said with a smile. “Welcometo Santa Fe.”

’

“Thank you,” Iresponded. “Hereis a copy of the orders that I thinkI am supposed to giveyou.’

“Yes, thank you. Youwill have tofill out thisform so I can give you a letter of authority to goup
to Los Alamos.”

I'had just come out of the warm and rather carefree embrace of academia.I wasnotused to the
possible demand thatI“fill out” an official-looking —nottomention officiousand
scary-looking —military form.

Jokingly, I asked, “What happens if I don't fill out the form?” “Then I can’t issue your pass,”
Dorothy responded with a smile that suddenly looked a little less warm.” I'll let you think
about what might happen on a top secret military base if you are caught without documented
authorization for your right to be here.”

Ifeltadmonished.Itook the form,looked Dorothyintheeye, and apologized formy
devil-may-careattitude.Itook mytimesothatIcould carefully fill it out.

Aslturnedtogobackoutsidetofind mydriverand myrideuptothe mesa, Dorothy left me with
this parting comment: “I think you will do fine. Be glad that you had amore or less friendly
introduction to project security. Up onthe mesa there are some peoplein uniform with guns, and they
can sometimes get very excited when they think there is a security problem standing in front of
them. Be careful and good luck.”

Iwavedand thanked Dorothy. Obviously, she carried alot of weighton the project. Iexpected thatI
would see her again. When thathappens, I will know better than to ask a dumb question.
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By late summer, processing thehuge quantities of dataemerging from testing designsand
configurations hasbecome the single biggest bottleneck in the work of the Theoretical Division. Each
configuration test run against protocol produceshundredsof thousandsof data points;allhave tobe
processed by hundreds of people called computers or calculators using mechanical calculating
machines sometimes called “comptometers.” These are made by Marchant and are powered by manual
hand cranks, which getstiresome afterawhile. Machine operatorshad totake frequent breaks to rest
their tired arms, shoulders and hands.

Processing the data on the manual Marchantmachinesrequiresaseries of stepsincomplicated but
rigoroussequences. Asingledatasetoftenhas tobeentered intoone of themachines, processed toa
result, and then tested tomake surethe datais “normative.” Ifitis, then the datain the resultcanbe
entered intoa different machine with a different set of steps and a different set of normative
parameters.

Thesecomplicated sequencesare pronetoalotoferrors, whichisa source of tooth-grinding
frustration for me. Results have tobe constantly checked and rechecked. The constant pressure todo
careful, detailed work and to produce accurate, verifiable resultsisintense. Welimit our computers’
work shifts to four hours. Otherwise they will wear out too fast, makingtheerror countsescalateand
the processdowntimeaccumulate to unacceptable levels. Some of the staff have already started asking
for transfers to any other unit of the project.

Feynman'’stalent for fixing broken machinery is constantly on call by the computers. Heresponds
quickly because the results they produce are critical to the overall performance of the Diffusion Unit.
Heknows he can’tallow this backlog situation to continue, if for no other reason than thatBethe
feelsthe machine maintenanceis taking away toomuch of Feynman’stime, whichisneeded for work
onthetheory, design, and development of the bombitself.
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Eventually,Iwastold that Bethe, for that very reason, has told Feynman tostopdoing machine
maintenance. Hisvaluabletimeand talentare needed on theory, not mechanism. In a way Bethe’s
concern mirrors the general concern across physics since Newton, Faraday, Maxwell, and Einstein: “Is
there such a thing asa ‘real’ object, with mass, dimensions, and boundaries thatcanbe measured by
numbersthatcanbeadded, subtracted, and in other ways “calculated,” or not?”

Making progress in finding an answer to that profound and persistent post-Einsteinian questionis
very much within the mandate of the Theoretical Division and, therefore, very much within the direct
and explicit responsibilities of Bethe and Feynman. And they look at me with the expectation that I
know how to set up the math. Ihope every day thatI will not prove themwrong.

Asthe supervisor of the computation unit T have to think about all these thingsand try tofollow
Feynman's casual and seemingly off-the-wall comments on whatIshould be looking forina
subordinate. One of hiscomments, forexample, had todo with George Babbageand Ada Lovelace.I
had read aboutBabbage in school and some poetry by Lord Byron.Ihadnotlearned, however, that
Byron’sdaughter Adawassomething of a mathwhiz.

Feynmanhad said: “When you are thinking up questions for your prospective computation supervisor,
why don’t you ask them what they know aboutBabbageand Lovelace?If they say,”"Who?’ Myadvice to
youwould be to thank them for their time and send them home.”

Inordertoavoidembarrassmentandapossiblefiringof myown, I quietly looked up Babbage and
Lovelace in the compound’s library. Early in the nineteenth century, George Babbage and his
eventual protégé, Ada Lovelace, had setout tobuild a machine that could do arithmetic functions
withspeed and accuracy. Withextensivefinancial supportby the British governmentunder Queen
Victoriaand herhusband, science enthusiast Prince Albert, Babbage and Lovelace made greatstrides
indeveloping the actual machinery and programming techniques for scientific calculations.

These were tobe working machines driven by steam. Unfortunately, Babbage was only able to
build a small working prototype before the escalating costs of developmentapproached thatofa
major warship for theBritishNavyinthatday.Themainproblemseemed tobenotwith Babbage,
but with the lack of well-developed standards of manufacturing for metal. In particular theirregular
quality of brass used by Babbage caused errors that accumulated as the mechanism in the Babbage
machine progressed toward a solution.

The accumulated errors too often stopped a complicated calculation procedure before it could
produce a meaningful result. Babbage’s inability to movehismachine past the prototype stage caused
the British government to terminate the development funding. Nobody stepped forward totake over
theideasin the prototype established by Babbage. Lovelace, though shewaswillingtocontinuethe
worktoward ananalyticalengine, began tosicken with a gastrointestinal disease. She died in 1852 at
theage of thirty-seven.

In reading up on them I discovered that Ada Lovelace was much more than a simple math whiz.
Working with Babbage on what Babbage called his “difference engine,” Lovelace had begun designing
what was eventually called an “analytical engine” to be built following their expected success with the
difference engine.

In those days weavers could weave their spun yarns into customized designsbyuseofaJacquard
loom.Lovelacedeveloped asystem of programmingbased on theJacquard loom, which would
makeitpossible toanalyze any data onany subjectusing the computation capability of Babbage’s
difference engine.

With the story of Babbage and Lovelace inmind, our project managers reason that, asthelargestand
mostwell-known provider of commercial data processing services, International Business Machines
should be able to help us with our growing calculation problem. Unfortunately, the probleminthe
way of finding answers to the technical and mathematical questionsarising out of studies of nuclear
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fissionis not only about the money.Itisalso about the application of mathematics in ways that go far
beyond anything thathaseverbeen tried before. The calculusdeveloped by Newtoninthe
seventeenth century can provide rigorous approaches to many of the known nuclear forces that
need measurement, but there are somany unknown aspects that can only be understood by brute
calculationsofbillions of nuclear particlesmoving among each other, with all their accumulated and
explosively expanding masses, at speeds approaching the speed of light.

Intheexplosion contemplated for thebomb, the time between achieving critical mass and the
maximum explosive yield isa matter of a few billionths of asecond. A few billionths too early and the
fission will stop withoutexploding; afew billions too late and the effects will be unpredictable,
possibly catastrophic to an unknowable extent.

The factors affecting the length of the time between a failed reaction and a possibly catastrophicone
include the mass and shape of each of the two chunks of plutonium tobe merged; the shape of the
merged chunks atcritical mass; the shape of the container containing the merged chunks; and the
purity of each of the materials in the explosion chamber.

This thinking leaves aside the question of bomb delivery. Can the device be shrunk enough, and
cananairplanebebuiltbigenough to carry the bomb to itstarget?

Asacting supervisor of the computation unitIfeltit was my duty to seeformyselfhow thisprocess
oftakingraw explosiondataand running itthroughaseries ofindependent data processingand
validation proceduresworked toproduceinformation thatwe could useinbomb configuration
design.
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Unfortunately for the managers of the Manhattan Project, the technology needed toextend the
Babbage-Lovelace prototypeintoa production-capable calculation system has never been built.
Whateverhappened whenBabbageand Lovelace demonstrated their prototype toQueen Victoria, no
further development money would ever come to Babbage-Lovelace from the Britishgovernment.

The Project’smilitary and scientificmanagershad noreal choice butto create aformal Diffusion
Unitwith Feynmanin charge totry and figure outasolution. Among the Diffusion Unitstaff wefeel
thereisnoone more qualified to build a diffusion process than Feynman.

Having seen his skills up close it has become clear to me that Feynmanisthe guy whowill try
anything, including the dumbestand nuttiest-soundingideas, even when the oppositionis hostile,
inhisattemptto try to make something work. The result of his wildly creative but often scattershot
approach to problem solving often succeeds when others have given up long before.
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Ataparty onthe mesaafter Feynman returned from New York, he gave us a summary of his first
meeting with Thomas.

Feynman metwith Thomasatasmall restaurant called Julio’s Bistro on the corner of Fiftieth and
Seventh Avenue. Herecognized Thomas from the picturesThad shown him. He told me thathe
walked up to the man, satdown, and said, “Hello Thomas. My nameis Fred Brown.”

Thomaslaternoted that “Fred Brown” wasn'tmucholderthanhewas. In factitlooked like he might
be younger. “Should I shake hands with you?” Thomas asked.

Feynman’s finely tuned ear could nothelp but notice Thomas’ careful butnotquitesuccessful
attemptstocontrolhisCaribbeanaccent. “Of course.” Feynman stuck outhishand. “We'repretty
securehere, butIcan’t tell you exactly how secure. If you come to work for us you will begin to
understand the full extent of it. [lunderstand you are from the Caribbean, and you know something
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about math. Is that right?”

“My father was born and raised on Haiti. His parents, my grandparents, were both black at least for
afew generationsback. Few peoplein the Caribbean willhazard a guessaboutbloodlinesif their
lineage has origins among slaves working the plantations. Whatever the bloodlines, my father
became an accountant, and he was successful enough tobe recruited by a major USfirm, then
relocated to New York, where he met and married my mom.

“My mom was amath teacher, and she and my father both spent alot of timewithmeonmy
homework.Now, Ilike tothink thatTknow quitea lotabout mathematics, especially theapplication
ofsomemathinthearea of statistics thathasnever been attempted before.I don’tknow what you can
tell me, but whatever you can tellme about your current problems in computation, I can certainly tell
youwhat I know and have experience with.”

Feynman paused. “I'veread your paperson Maxwell'sworkinoptics and electromagnetism. We
arefindingthatsome of the mysteriesheand Faraday exposed at the molecular level are still mysteries
today, but they are mysteriesnow moreatthelevel oftheatomicnucleusand surrounding cloud of
atoms.”

“lagree withwhatyousayabout Maxwelland Faraday,” Thomassaid, “butwhatcanyoutellme
aboutthemathand computation problemsyou are having at the subatomic level?”

Feynmanstared atThomasforseveralmoments. Thomas wascalmunderthis closescrutiny. “Doyou
know anymagictricks?” Feynmanasked.

Now it was Thomas’ turn to stare. “Is this a question about whether ornot I believe in black magic;
whether or notIbelieve in the scientific method; or whether or not Imight prefer tobelieve in
voodoo over mathematics?” He frowned as though he had been profoundly offended. Then he
looked up at Feynman to see if he could read his intent.

“It'sa simple question,” Feynman said. “Give me your honest answer so we can move on.”

Thomas thought foramoment, then raised both hishandsin front of hisface and waggled his
fingersat Feynman. “Booga-booga.”

Feynman’s bursts of raucous laughter could be heard across the room. At Julio’s Feynman
learned that Thomas also played music, the trumpet. He suggested an uptown jaunt to the
Braddock Hotel, where they could listen to the house band play its signature Caribbean music.

Theynever madeitto the Braddock, Feynman told us, and ashadow came over hisface. The day
was Monday, August 2. On Sunday, the day before, ablack GIhad seen a white police officer trying to
arrestablack womanfordisorderly conduct. The GIsoughttointervene. A scuffleensued, and the
policeman apparently shot the GI. Ariotbegan thatlasted for two days.

kkek

“Focusonthe questionathand,” Feynman would say. “Ignoreall of the issues and history that
brought us to this particular problem in the first place.”

This was Feynman’s entire life and his entire attitude toward the problem’sothershad long since
givenupon. Hisdoctoral thesismerely reflected his most fundamental attitudes. Paraphrasing again:
“When confrontingaproblem, ignoreeverything thathasnothingtodowithit,andbe alerttoall the
possibilities for fixing and repurposing. Don’thesitate to try off-the-wall fixes that might sound
stupid at the time.

“Mostimportant of all,” Feynmaninstructed us, “try nottomake a mess.”

k3kk
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Amonth after theincidentatthe Braddock Hotelin Harlem, Feynman callsme, Thomas, and
Konstanty toashortmeetinginoneofthelabs used by the Theoretical Division. Thoughsstill
somewhatshaky onhisfeet, Konstantyisbackatwork and trying his best to reconnect with the other
members of his field team and his other collaborators on the Diffusion Unit team.

“I assume you’ve met Thomas, Sarah?” Feynman asks.

“Yes.Of course.” Iturn to Thomas. “Thave been showing him around andintroducinghimtothe
human computers while we waitforournew computing machinestoshowup.Maybehehassome
thoughtshewould like to share with us about what he has seen so far?”

Thomas clears his throat. “Yeah, thanks to you both, very much, for bringing me on to this project.
Ihavebeen getting the whole story from the women who are working the Marchant machines about
thekind of data you are processing, and the steps you have set up to handle the calculations. My
compliments on your process arrangements for handling the data. It should all go quickly from
paper onto the punch cards. If we can get those machines setup quickly, we should be able tostart
processing real cycles of digital data within a couple of months.

“IthinkIdohaveafew mathematical tricksIcan contributetothe solution of the main problem
you are dealing withnow, the shape of the blasteffects. Youwillhave to merge the partial differential
equations of Maxwell with thestatistical mechanics thatcan deal with thefuzzy positions of nuclear
particles. Have I got that right, more orless?”

“My compliments to you, Thomas,” Isay.“Youhave picked upalotina few days.”

Feynman agrees “I'm looking forward to seeing your work once you get your teeth into some of the real
problems we're dealing with here. One more thing I want you to take alook at before you startlocking
yourself intoapproaches and methods that you think will work: read my doctoral thesis, and work
through enough of the math to getan understanding of how Ithink weneed towork out the
identification and analysis of forces when particles collide in a condition of critical mass.”

“I'll get right on it,” Thomas says.

Konstanty chooses that moment tojump into the discussion, glaring at Thomas. “Waita minute.
With all due respect, who the fuck are you? I don’tremember seeing yourname on any paperwork.”
Helookstoward Feynman and me. “Did you guysforget thatl work here? Whatthe fuckis going on?
Areyou guysjusthiring off the streetsnow? Whatis his security clearance?”

Ido my best to hide my frustration. “I had to make a lot of decisions in yourabsence, Konstanty,
including therecruitmentand hiring of Thomas. There wasno way toknow your real condition, nor
could we know if you would beback on thejob in the foreseeable future. Dr. Feynman and I consider
Thomas tobe a capable addition to our group. Weboth expect himtodoveryimportantworkinthe
integrationof ourmanualdata processing with theIBM systemsthatarebeinginstalled and tested as
we speak.”

Icross my arms. “Frankly, Konstanty, lam alittle concerned about your attitude toward Thomas.I
assume you havenever methim, solam wondering if you have ever had to work with ablack man
before?”

“No. And I don’t particularly want to start now.”

“Ifthatis what you want, we can arrange that,” Isay. “Youneed to understand thatlam not going to
let Thomas go withouta fight, letalone on yoursayso.Ineedhisskillsonmy team. Besides, afterthe
tightsIhave had with some of my sisters and faculty membersin college, Idon’tthink you are going
to be much of a problem.”

Thereisnow a pausein the discussion. Konstanty islooking down at the floor. Thomas looks like he
isabout to say something. [ scowl at Konstanty. Atthismoment, inmy mind, hehasnorighttofree
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speech.

Feynman speaks up. “Youneed tosay something, Konstanty. Right now, am wondering if we have a
team that is capable of the kind of collaboration I need to help me get through the work in front of me.
So, answer the question: do I have a team or not?”

“You have a team, Dr. Feynman,” Konstanty says, “but I am not sure I should continue to be a
member of it. My parents are typical Russian peasants; they suspect everybody who does not
swear to the Russian Orthodox faith, and their obeisance to the practice of that faith has not
mellowed during their time in America.”

Konstanty walks over to Thomas with hisrighthand extended. “I'm sorry for my bad behavior,” he
says. “lamsure you are agood man, and I'msure you are well qualified to do the work Dr. Feynman
and Sarah haveinmind for you. My parents have given me aload of bad impressions to carry with
mein life about the evil done by people who donot live by The Book.

“I'have only recently begun to realize that almost every one of those evil people my parents talk
aboutisof adifferentrace thanare the white European ‘truebelievers’ inthe Russian Orthodox
Church.Iamsorry.”

Thomas clasps Konstanty’shand in his. “Youdon'tneed to apologize to me, butThave toadmit thatI
have had warmer receptions on meeting someonenew.On the otherhand, Thavehad much worse
receptions, but none of those perpetrators has ever stepped forward to shake my hand afterwards.I
hopeyouwillstay onwithusbecausellook forward to working with you.”

“Sarah, Ithink thisisagood timefor you totake Thomasand Konstanty down to the explosives
shack and introduce everybody around to the sapper crew down there. Once you'redone, I'dlike to
have Thomas give mehisthoughtson what weneed to dotospeed up theturnaround on explosion
data once we get our computers set up,” Feynman says.

Inod. “I'll callup ajeep. Konstanty, are you up toreintroducing yourself to your crew?”

“Yes,Jam.ButIwantyouand Dr.Feynman, and Thomas, toknow thatIstillneed toassesswhat
Iamnowseeingasmynewlifesincethe accidentand thecoma.Istillneed todecideiflaminthe
placelneedto be and want tobe.”

Feynman spoke up. “While you consider your options, Konstanty, I have some news you might
all find interesting. Some of part of the scientific staff here have been working toresolve the technical
problems of manufacturing Plutoniuminthe quantitiesweneed toevenrunaninitial testofour
designsfortheimplosionmodel of thebomb chamber. We were told that the process designers for
the making of plutonium might beable toproduceafew grainsassampleslastspring. However,
that proved to be way too optimistic.”

Feynman continued. “In fact, they have only this past week managed to produce a couple of tiny specs
of U-239. As part of my job to keep track of the manufacturing process I was able to get one of the techs
involved with the process prototype at Hanford to send me these.

Feynman pulled a small box out of his pocket. Itlooked like a box foran engagementring and
perhapsithad been thatexactthingonce perhapsinmakingaproposal of marriage tohis wife,
Arline, nowbedriddenin Albuquerque with tuberculosis. By onebarely legal subterfuge or
another Feynman has managed to escape the mesa almost every weekend in order to visit his
dying wife.

Heflipped thelid up and with a pair of tweezers helifted aside one corner of a piece of black
cloth.

Inside, laying on theblackbackinglay two tiny, barely perceptible dots of something thatlooked like
they mighthavebeen carefully scraped offa piece of light grey metal. Perhaps they had.
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“Behold. Plutonium,” Feynman said. “Don’t touch.”

Igotcloser.Ihad totakemy glasses offand move them toward and away from the two particles
inordertobring themintosomekind of minimalfocus. Suddenly my flesh grew cold and Icould not
stopshaking. My mind became flooded with the horribleimages my family passalong tome almost
every week from what they hear of persecutions of our close relativesin Europe; aboutKristallnacht,
andaboutneighborsand friends being stripped of their possessions then taken away to work camps.
In 1937 my parents arranged a trip to Paris with some school friendsto celebrate my good grades.
My mind now flies to Pablo Picasso’s Guernica hanging in the pavilion at the Paris International
Exhibition.

Shortly before, Picasso had the painting taken away to the United States to keep it away from
Spain’s Fascist dictator Francisco Franco.

Evensomy vision of the painting and of the people and animals being torn apart and the awful
screaming of the children as Hitler'sbombs exploded gripped mein theterribleembrace thatPicasso’s
workhad created and held inviolate in my suddenly disordered mind. At Franco’s invitation
German Chancellor Hitler had done his bombing of Guernica, a small Basque farming community
innorthwest Spain, justtogivehis pilotsand bombardiers and new bomb-carrying aircraft some
practice dropping highexplosivesonhelplesscivilians. Nowarninghad been given.

Ibacked away.I was overwhelmed with emotion. Tears came tomy eyes. Itwas ourjob to take
these tiny specs, these two tiny particles, and apply sciences to them that we barely understand in
ordertocreate a destructive devicethatwecanbarelyimaginetoburnand destroy anenemy and the
men and women in their armies and navies that we have never met.

“And what of the children?” I thought to myself. “What of all of the little children?” My tears now
flowed more freely. I excused myself and stepped from the room.

Thelast thing in my mind before I raninto the bright sunshine outside the building were the words
of Alexander Graham Bell on the first successful test of adevice that would become atelephonein
every American home: “What hath God wrought.”

Ithas become so easy toignore what we're doing, holed up in our offices, distracted by the day-to-day
minutiae of finding computers and hiring staff. I am ashamed that [ have lost track of the gravity of our
situation. We are doing something that will change the twentieth century beyond recognition. The
dark spaces between atoms will strike like flint, become weaponized. They will mushroom, and light
the air afire. They will rain down on children. They will enforce pain and suffering. They will support
the war machine. They will enforce peace.

Ilook around from face to face. Thereis grim hope, thereis fearful expectation. Thereis a
fevered sense of discovery.

END
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