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Preface to Elements


   This poem describes the formation and first origin of the elements of the Periodic Table. These elements had their birth in three separate epochs, which also define the three main parts of the poem.

   The first epoch belongs to the very early universe, in the Hot Big Bang during the initial few seconds of the universe’s existence. During this period, Hydrogen, Helium and a small amount of Lithium were formed.

   The second epoch starts around a hundred million years later as stars begin to form. During the stellar life cycle, all the elements up to and including Iron are made through nuclear fusion.

   The third period of original element formation occurs as heavy stars reach the ends of their lives. As these heavy stars run out of fuel, they collapse and explode as supernovae. During the apocalyptic environment in the immediate aftermath of stellar explosions, the remaining heavy elements, up to Uranium, can be formed.

   The elements are crucial to life; almost all the elements in our bodies were, at some point, cataclysmically ejected from a star.

   As well as for emphasis, italics are also used to indicate where a ‘normal’ word has a technical meaning, e.g. ‘glue’ or ‘up’.

  

 
  
   
Elements

   Before the silver clink and tortured ‘Amen’

   Of Jesus kissed by the Iscariot,

   Before the worldly wealth of Tutankhamen

   Was buried with his golden chariot,

   Before the bronze of Theseus’s blade

   Had drained the lifeblood from the Minotaur,

   Before a node of Carbon cooled and made

   A smudge of pressured muck the Koh-i-Noor,

   There raged a thumping cosmic ballyhoo,

   A manic dance – a rumpus to arouse

   The universe: of Higgs and W,

   Electrons, gluons, muons, Zs and taus,

   Plus three neutrini and six types of quark.

   One part invisible, two parts unstable –

   What led this turbulent primaeval spark

   To populate the Periodic Table?

   O rows and columns! Dense with cryptic print,

   As in some diabolic crossword game,

   Your letters, numbers – numbered letters – hint

   That hidden logics lurk. The marks proclaim

   Structure to your exotic toxic lists,

   Perfect for poisonings and pyrotechnics.

   What are these elements? The alchemists,

   Dying to know, disdaining dialectics,

   Once waged with fire and acid their campaign

   To turn a common metal into gold

   And so get filthy rich. They died in vain –

   Their quest was doomed by ignorance. To mould

   An element takes more than human hands

   And needs extreme high-temperature conditions

   Not found in home-brew labs. To understand

   Why this is so, and why nuclear transitions

   Were their unknown goal, we must comprehend

   The atom, gross details and inner nature.

   Basics come first; the wise (and I) commend

   Command of concepts over nomenclature.

   All atoms have two parts: an outer cloud

   And central nucleus. The cloud consists

   Of loose electrons, bound to paths allowed

   By quantum theory. Mutual force exists

   Between these two, set by electric charge:

   Though each electron counts just minus one,

   The corresponding nuclear term is large

   And positive. From this atomic Sun

   Extend out tentacles of force, like blind

   Attractive sirens. Stylish algebra

   Shows these permit the nucleus to bind

   Its satellite electrons – as our star,

   Compact and central, leashes Uranus

   Two billion miles away. The physics rhymes –

   Electrons’ orbits round the nucleus

   Surpass its size one hundred thousand times.

   Electrons, we believe, are fundamental:

   On current measurement, a fair deduction.

   The nucleus, for sure, is accidental

   And so amenable to deconstruction.

   So break its tiny Lego up to find

   Two types of piece, and each attached by glue.

   (But not the Airfix sort, or other kinds

   Of sticky-fingered mess well known to you

   From cardboard crowns or sprigs of model gorse.

   This is not squeezed from tubes of gunk with screw-on

   Finicky lids. This is the nuclear force,

   With etymology ‘derived from gluon’.)

   What are these blocks? The first, and fountainhead,

   Are protons. Charged, they fix the harmonies

   Inside each atom and are ballasted

   With neutral neutrons (hence the name). Through these

   Constituents, all nuclei are made,

   In builds mere femtometres in their size.

   One page of verse! – which Newton would have paid

   In golden crowns to read, and realise:

   What makes an element? The summed amount

   Of protons present. What are isotopes?

   Fix proton number; vary neutron count

   And climb the sheer radioactive slopes

   Which flank the valley of stability

   Where dwell the elements we know from Earth,

   The first and oldest nuclear family.

   Now hear of each, its heraldry and birth.
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   We start with Hydrogen, both first to form

   And also simplest, for a single proton

   Defines its character. Unlike the norm,

   It has no neutrons. Still, a little note on

   Internal structure: this consists of quarks,

   A shackled triplet written uud,

   Two ups and then one down (convention marks

   Them by initials) joined in harmony

   To make one object. Tethered to and with

   Their fellow quarks, this triune synergy

   Defines the proton, whose externals live

   Above a foaming inner quantum sea

   Of virtual quark-infested strong-force slop,

   Where heavy bottoms and their anti-twins

   Play quantum peek-a-boo. Without a top,

   A state less charmed than strange, its outs and ins

   Arise from swarms of bound and coupled pairs,

   Down and then up in manifold positions.

   Now here, now there: these intricate affairs

   Provoked and urged subnuclear theoreticians

   To probe its innards through the residue

   Left by colliding bodies in reaction.

   Along with quarks, here they detected glue –

   Especially in the hardest interactions.

   But, from this quantum swirl of legs and loops

   We shall avert our eyes. Their moxie risen,

   New couplings formed – yet still the proton coops

   Them up, confined within its quantum prison

   To seethe in vain, enslaved and trapped inside.

   Outside its walls, no single quarks survive;

   Once protons settle, we are justified

   To cast to oubliettes their inner lives.

   But how did protons form? From cooling soup

   Of quarks and gluons – mixtures then so hot

   That any friendly quarks which tried to group

   Themselves to make a proton would be shot

   Apart like th---------is, their bonds dissolved by heat.

   For heat is energy, and fragile links

   Can only take so much and stay complete.

   Like some provincial Juliet, who thinks

   The world of boys is bounded by her school

   And centred on her one true love – then goes

   Away to college, sees him for a fool

   And falls for dashing worldly Romeos.

   And as the cosmos grows, it also cools –

   So proto-protons are bombarded less.

   Heat which expunges would-be molecules

   Now merely makes new protons effervesce.

   Then from this gloop of X-rayted miasma

   Fall tiny globules tethered tight together,

   Which turn the cosmic soup into a plasma

   Of particles which, ever after, never

   Again will split apart to quark and gluon –

   Though from the older forms are born their scions

   Which spice the broth of positron and muon

   With stronger flavours: kaons, neutrons, pions

   And protons. Proton: what’s behind that name?

   Science may stay indifferent – if not men and

   Women – when different is declared the same,

   Like protons and ionic Hydrogen: and

   Truth marches on. Can this be progress? Can it?

   They found out much, advancing knowledge far,

   Who grasped that Venus, though a single planet,

   Is both the Morning and the Evening Star.

   Progress consists of more than adding more

   To lists of who found what. More useful acts

   May lie in posing probing questions or

   Restructuring the known existing facts –

   And facts and particles were both restructured

   When quarks all merged and stuck, and then stayed stuck,

   To leave the older dispensation ruptured,

   Where quarks were three, and freely charged amuck.

   That past is lost; its passing compensates

   Through novelties thus brought to life. For when

   The quarks no longer lived as stable states,

   A new and fresh epoch commenced. And then,

   That happy moment, ever-elemental,

   Always-plentiful Hydrogen was made –

   The act foundational and fundamental

   To all of chemistry and all its trade.

   First-born and first in numbering, this mite

   Does little by itself. In company,

   It comes to life; an eager appetite

   To saturate another’s valency

   Gives it the chemical creative tools

   To build up meth- and eth- and all the -anes,

   The most baroque organic molecules

   And caterpillar hydrocarbon chains.

   Not yet. To make a partner element

   We need, as well as protons, neutrons too,

   Which, by attraction or by accident,

   Must stick to protons using strong-force glue.

   Like number one, the neutron’s built from quarks,

   A shackled triplet written udd,

   One up and then two downs (convention marks

   Them by initials) joined in harmony

   To make one object. Tethered to and with

   Their fellow quarks, this triune synergy

   Defines the neutron, whose externals live

   Above a foaming inner quantum sea

   Whose image we have met. Except for charge,

   The two are twins, with both their size and mass

   Almost the same. But when these splash and sparge

   On protons – the pervasive neutron gas

   Could hardly miss – some stick and, staying bound,

   Form a new composite, the deuteron,

   Built from both p and n. This can be found

   In D2O, a doppelgänger on

   Aquatic roads. They look so much alike,

   But looks deceive. Go drink a bit – to feel

   No change at all. Go drink a lot: it strikes,

   A knife disguised as water, to reveal

   A poison of the flesh it irrigates.

   Though barely stable, deuterons survive

   Until they too are hit, when infiltrates

   One further neutron, whose impact contrives

   To form some tritium, or pnn –

   The rarest, heaviest, and third and final,

   Natural isotope of Hydrogen.

   In making Helium, these three combine, all

   Fusing with each other. For this to happen,

   They first must close and touch. Then, having touched,

   The strong force swoops and seizes them, to trap in

   Its intra-nuclear web. There, partly clutched,

   They squirm and wriggle and, though some escape,

   Many are held. These hostages release

   Their surplus energy, then find the shape

   Preferred by physics, marked by much increased

   Stability. This, in its settled state,

   Involves a four-hand dance of two and two,

   Neutron and proton pairs. These circulate

   Around themselves. Like angels, they eschew

   External stimuli or time’s decays.

   For this is Helium, the Nobel gas,

   Inert and stable. Born, it lives and stays

   How it was. Ages come; more ages pass;

   Its dance goes on. Before the oldest stars,

   It was. And when the stars have lost their lights,

   It shall still be. Were it to write memoirs,

   They would be deathly. ‘Through unending nights,

   I was, and nothing changed. Now I am here.’

   Almost all Big Bang Helium produced

   Remains intact, the fraction lost a mere

   Grain to a granary. Excitement-proof,

   It staggers on. What makes this bore so stable?

   In nuclei, the strong force waxes rude

   And plain electric fields are quite unable

   To match its pull: a sardined multitude

   Of self-repulsive plus-charged protons may

   Be battened down. Their strong bonds dominate –

   O queen of forces! – and these chains outweigh

   Electric tendencies to separate

   And scatter protons, out far and alone.

   Such are the reasons why, once they are made,

   The nuclei survive. Around this throne,

   The atom’s central fortified stockade,

   The strong force rules supreme. Once in its claws,

   All older liberties must be forgot.

   The thrall is small but total; here its laws

   Dictate what may survive and what may not.

   Like great Goliath’s pecs of burnished steel,

   The price for brutish strength is lack of range.

   Although up close all others have to kneel,

   On greater distances the standings change:

   And though large elements, like Iron and Gold,

   Will last forever, crafted in their proper

   And stable form (such features also hold

   For Silver, Sulphur, Chromium and Copper)

   To reach this place is hard. Far off and masked,

   All these alluring nuclear auras fade,

   Leaving one awkward question to be asked:

   How can the larger nuclei be made?

   These only form if protons meet and merge

   But protons carry an electric charge,

   Charges which interact as they converge

   And near convergence, these effects grow large.

   Like shepherd David’s polished stones and sling,

   Electric forces zap out from afar.

   Villeins up close, distance anoints them king;

   Last is now first; the kulak crowned as tsar.

   But charge repels itself – this simple fact

   Demands fizz-popping whizz and bang to broach

   The wall of force that nature will enact

   To bar protonic twins from close approach

   (For laws which underpin electrostatics

   And sharpening, with insight and aplomb,

   Practical rules of thumb to mathematics,

   I raise a glass or six to Charles Coulomb.

   A modern corps of army engineers

   May make great walls restraining soil and sea,

   Or build imposing forts and crested weirs

   With cheerful humour and alacrity.

   But they would not contain among their ranks

   One such as he, who added to this load

   Floods of discoveries which broke the banks

   In which the streams of human knowledge flowed) –

   That every time two protons halve their distance,

   The force quadruples to oppose their course,

   Requiring bumptious spirit or assistance

   To break down these electric walls of force.

   No subtleties; no fancy stratagem.

   To drive the protons down to these regimes,

   Pack them with energy, then up and at ’em

   With oomph to plough straight through – like rugby teams

   Whose backs dart forth in vain into the teeth

   Of mauling tackle packs, so toss the ball

   To twenty ugly stone of tighthead beef

   Steaming and barrelling towards that wall.

   Where artfulness fails, impetus succeeds.

   The charging tank smacks down the flailing hosts,

   Who cling to arms and legs with futile deeds –

   He grounds the ball and them beneath the posts.

   And in cosmology, the Hot Big Bang

   Weaned all its particles with energies,

   With vim and vigour needed to defang

   The nuclear Cerberus. All those degrees

   Create abundant heat, and heat is work:

   And work enough to drag each inbound pair

   Through every last repulsive bump and jerk

   Caused by their charge. They touch; they kiss – and there

   They merge to Helium. To make the rest,

   Redo this all at scale. Two nuclei

   Approach at high momenta, climb and crest

   The steep electric slopes, then unify,

   Fused into one. The product nucleus,

   Enriched with protons, puffs up with increased

   Atomic number. Welding ion plus

   Ion thus builds the elements, from least

   To greatest. Not too fast – for this ascent

   Proceeds through gradual steps, which often stop

   At midway staging points to circumvent

   Impossibly direct routes to the top.

   When Helium absorbs one proton in,

   The merger leads to Lithium. If it

   Instead collides and fuses with its twin

   The outcome is Beryllium. Admit

   One further Helium – we now have Carbon;

   An extra proton makes that Nitrogen,

   Then move through Sulphur, Phosphorus and Argon

   To Iron, and all up-built from Hydrogen!

   Not yet – the universe, now aged one second,

   Seethes with its youthful zest. It roughly shakes

   Its raw ingredients, as if to check on

   Their quality. The act of mixing makes

   This broth an amuse-bouche for chemistry:

   A blend of Hydrogen and Helium

   (Though early universe gastronomy

   Adds in a soupçon’s worth of Lithium.

   Electrons stabilise the cosmographic

   Chowder; the photons give it bite. One teeny

   Last-least addition, near homeopathic

   In flavouring: essence of three neutrini.)

   But through each element, as charges grow,

   Their broad electrified shield-wall sparks stronger.

   To reach the guarded nuclear heart below

   The inward path becomes harder and longer.

   And, as we saw, a growing cosmos cools.

   For particles which ride its wild affray,

   Cosmic expansion claims its tax in joules

   And elemental dreams dissolve away.

   The Hot Big Bang is hot – but not enough.

   It gives its all. The atoms charge at speed.

   They close and nearly touch – then are rebuffed.

   Knocked back to whence they came, the pairs recede.

   Like modern Hercules, whose grunting heave

   Reaches for glory in the clean and jerk –

   His face contorts with strain; his muscles squeeze.

   He screams. His tendons tauten with the work,

   Then snap – and all he sacrificed, to peak

   In an Olympic year, is lost. He calls on

   His God in vain – torn tissues regrow weak;

   The medal sensed, and partly grasped, now falls, gone.

   The Hot Big Bang now drops subcritical;

   Its youthful fervour chills and cools down fast.

   As closing speeds become testudinal,

   The time for scaling nuclear walls has passed:

   And so concludes that far-off distant era

   When elements first formed. It lasted mere

   Minutes – ten madcap minutes that were queerer

   Than any you or I have known. Its sphere

   Of influence extends to now: for gas

   Found in the deepest voids of space, when split

   By Hydrogen and Helium, has mass

   Ratios first established then. This bit

   Of data, hard fact hard-earned, is one way

   We know this ancient story’s truth, this tale

   Of times when time still lacked a name, of clay

   To mould a universe – and if I fail

   To show its majesty, and make it seem

   Some dumb, fantastical charade, my fault

   Pains not just me alone, but all who dream,

   Or dare to dream, of truth. But now we halt,

   To think on where our story stands and where

   It must go next. Despite this upbeat start,

   The start stopped, with its residue the pair

   Of Hydrogen and Helium. The part

   That makes up Lithium is minimal,

   With larger atoms not yet there at all.

   But turn your thoughts to now: our world throbs full

   Of elements, like some escutcheoned hall

   Abuzz with noise, close-thronged with every nation,

   Where wines and candles blaze alike, which thrums

   To music, poetry and conversation.

   But early on, some mendicant who comes

   And knocks, in search of others’ company

   To break his heavy-footed lonely grind

   And flee the crushing uniformity

   Which fills the early universe, would find

   The hall bereft: three guests, and only three,

   Sat at the Table of the Elements.

   All else is desolate – no Mercury,

   No Tin. To overcome their reticence,

   He waits –

      waits –

        waits –

          waits aeons, half eternity,

   For stars to form, when in their furnace-heart

   The fiery pressured forge of gravity

   Can fuse those nuclei now held apart.
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   What makes a star? Infalling dust and gas

   Piled up by gravitation’s constant pull,

   As specks of cosmic fluff and extra mass

   Are gently gathered. Lake Windemere, full

   Of water, brims with its uncounted drops

   Of rain. Cathedrals grew up stone by stone,

   While those who climb like goats to mountain tops

   Ascend the crags with muscle strength alone.

   All these need time – as do our stars. The knife

   Which slices thin through time again and again

   Reveals but gradual differences – not strife,

   Not clashing armies on a darkling plain,

   But steady growth of slightly denser spots

   Where chance’s starting dice threw double-six.

   These nodules slowly grow. The cosmic plots

   Of mass blush deeper shades. Their hue depicts

   The growth of structure, as the haves accrete

   From have-not neighbours, and the matter-poor

   Endure the principle found at the meet

   Of biblical and scientific law:

   ‘Let them that hath be given more.’ Or so

   Claimed the cosmologist of Galilee.

   Smirk all you like – good theoreticians know

   It’s true in General Relativity.

   What is a star? A balanced stable locus,

   An equilibrium between two ends.

   At one sits gravity, with all its focus

   On straight collapse. It tugs and pulls. It bends

   Trajectories to point inwards. It draws

   Escaping gas back and inside. The goal:

   Drive everything towards one point, to cause

   The star’s replacement by a new black hole.

   Opposing this, an outward pressure blows

   Up inner layers like inflated balls.

   Alone, it would explode its host. It flows

   Out from the centre to the edge, then falls

   To zero on that surface. On each shell

   Of gas, on scaly stellar onion skins,

   Gravity pulls and pressure pushes. Well

   They fight and long they argue. If one wins,

   The star will die. Their near-eternal tug-of-war

   (Ten billion years – though may be more or less –

   Of rivals wrestling out a close-fought draw)

   Governs all stellar twinkly-twinkliness.

   This source of pressure is our source of light,

   As heat in constant flux up from the core

   Not just supports the star but makes it bright,

   Radiant, provident and fertile; for

   This source of light supplies our source of life,

   A warmth to nurture and embrace our spinning

   Globe-nest, and to all fauna, first midwife.

   But in this end, we see our true beginning:

   This source of life produces elements.

   Its deep-down wells of heat do not come free,

   As manna from divine omnipotence,

   But fire through fusion, loosing energy

   Obtained from merging pairs of nuclei.

   Drawn in by gravity, their mutual speed

   Increases. Falling more, they multiply

   Their impact, garnering the punch they need

   To force a hole in the electric wall.

   And if their first attempt does not succeed,

   They try again, when once again they fall,

   Pulled back towards the stellar core. This deed

   Is thus repeated many times – until,

   At last, it happens. In their starry cage,

   Confined by gravity, the protons will

   Collide and circulate. The star may age,

   But holds its protons trapped – which slowly burn

   From Hydrogen to Helium. They meet

   That small bit heavier; they merge – and turn

   Their extra mass to energy and heat.
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   What constitutes a star? This little pair

   Are everywhere. Although on Earth, the two

   (Especially Helium) are rather rare,

   They dominate the Sun – a fact known through

   The doctoral thesis of Cecilia Payne

   (-Gaposchkin later on, in married life).

   Born at the time when well-off girls with brains

   Sensed prospects more than that of future wife,

   Aged four her Daddy drowned. Her nursing mother –

   Alone, a widow and a foreigner,

   Raised her, her baby sister and their brother

   To cherish music, arts and literature

   At home beneath the Chiltern hills. At twelve,

   They moved to London where the schools were better.

   St Mary’s, Paddington, first let her delve

   In scholarship – but still within the fetter

   Of Classical Curricula. To learn

   More science, she transferred to St Paul’s Girls.
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