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Periodic Table

Reaction of Groeup 1 Elensents

1. Reactbon with Oxygen
T|'|.,' v NS S | |I"|.._I.|| il EE '.l.l'.|| e YT 1 Do |:'|..:I.|| -l'-,l-:|.,'

Al 4+ {k + Jlps )
iNg + O — INad)
JE + () —— YR (D

The metal oxide of group | demenis can dissolve 1o water to form alkali (hyvdroxides) solution
L1003 4 H40) p 2LA0H
Ma-C) + H.() b JMpH
K40 + HO0 — 2KOH

2. Reactbon with kalosen (0 hileriee)
2L1 + Cls w 2LACI
2Ma + Cl, T |
25 + L w 2R

. Reactbon with water
The emiare proup | metal can react with wader to produce alkali ihydroxide ) selution and hvdropen gas

2L + 2H-O e 2LAOH + Ha
INa + 2H.0 — 2NaOH + H;
2K + 2H.0D » 2KOH + Hs

Reaction of Group 17 Elemaenis

1. Beact with wates

Ly = Flsl)  HOT 4+ HOC
s + HLO) » HBEr + HOBi
[+ + H,0 —s HI + HOI

2, Reaot with Sedbam Hyd roside
Ol 4+ 2N000 = Nal] + NaCHC + HO
By + 25aldH —— Nalir + Naldlic + HaOp
I« + 2%al0H — Nal + Nalk + H)

d.  React with Iron

iCH + 2Fe e 2FeCly
3By + IFe » 2F¢hHr;
i+ 2he *» 2lely

I"r|.-|1|;Lr';|r|-u|| of { Torine €-as
2R MO + 16HCI F RO+ 2MInCls + 3C] + 8H (O
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s3An :otartsba siam ,ocitjAmetam siam A ;anaiditoc megaugnil ad atomer otium ©A somot.A revercsed arap adasu megaugnil A 5001tn¢Auq sotiecnoc so moc sodazirailimaf siam somatsE yadoT4 .adanodnaba iof air®Atejart A 0§Aapse e opmet ed sepA§Aon sa uiutitsbus atsivitaler 0£A§Aulover a s3Apa sona etniV a01tn¢Auq acisAf ed sotiecnoc so
:sodarobale res euq marevit sovon etnemarietni sotiecnoc so ,orre e avitatnet atium s3Apa ,soir©Atsim sovon sesse rirbocsed araP .acissjAlc acisAf ad aruturtse ad ortned levAsneerpmocnl are omotlA O ;acim "Ata alacse an soen Arre etnematelpmoc res maravorp ,roder osson oa oc1p3Acsorcam odnum od a1r|A1d aicn2Airepxe asson me esab moc
,sovitiutni sotiecnoc sossoN .sedadlucifid sair©As marartnocne ogol ,otnematropmoc ues meger euq siel sa e aruturtse aus rednetne arap mava§Arofse es euq adidem A 0£A31cerp siam moc somotjA sod odnum o rarolpxe a mara§Aemoc socisAf so odnauQ ?©A euq ratiderca somaAredop otnauq selpmis ofAt uolaf nirreP nae] euq levAsivni 0 ©A sam
,3 .cte ,etnatsid alertse amu e onamuh res mu ,rolf amu ,etreni ahcor amu me sodartnocne ofAs somotjA somsem so E .etnaid rop missa e sacimAuq sepA§Aaer sodil*As ed ofAsuf a ,sesag sod otnematropmoc o ,rolac o otnauq sosrevid o£At sonem "Anef ,selpmis otium arienam ed ,raterpretni levAssop anrot aicn2Atsixe aus ,s3An rop 51evAtpecrep
etnematerid meres arap siamed soneugep majes somotjA so arobmE .odnum od ofAsiv asson ueceralcse ,0£A§Aatiga ed otnemivom etnatsnoc me ofAtse e etnemautum mearta es euq ,somotjA sadamahc seratnemele sedadinu ed odagerga mu ed ritrap a adamrof ©A air©Atam a adot euq odnecehnoceR .aicn2Aic ad otnemivlovnesed on aAutitsnoc
acim "Ata eset3Apih a euq oigjAtse o etnematiefrep artsuli nirreP nae] ed selpmis esarf a moc levAsiv odacilpmoc odnanialPA =4 ¢A 2 ,serohnes e sarohnes ,sageloc sodireuq sueM ,rodartsinimdA RM1 Of the power of energy, wave functions, Hamiltonian diagrams, Feynman etc. And this time -structured structure allows us to analyze and understand
the many observations made on increasingly elaborate means. What are the main stages that led us to this modern understanding of the A °? What is the current state of the athamic fan? How contributed to the development of our knowledge and where are you going? It seemed that this first lecture would be well spent, providing a brief overall view
of these few problems. *** 5 Greek philosophers were the first to have the intuition that the Mattanal could not be divided indefinitely and that the one was the final estate of that party . It took nearly twenty -five, they were guilty so that this ideas was adopted again scientifically. In fact, it is soon clear that the indivisible, but are composed of a
central core, which is highly located and positively loaded, and which attracts the trions that are being Thousands of times lighter than the one and the negatively charged. Like the all, the nomes are composed of the most elementary particles: no. These forces are much more intense than electromagnetic forms between the n? Core and the ELABRES.
In addition to the no Cleons, we now know that there is a very large one of other more or less stable particles, which become each other and fall into the scope of the fan of elementary particles. Certain theories still maintain that the no Cleons are a compound structure. So, what is the final estate of the party's party? No one can still answer this
question for sure. 6 But let's go back to the study of the statom and first establish some orders of magnitude. Imagine expanding a one thousand billion times of times: the elors would move in a volume sprinkled with a radius of about a hundred in the center of the volume, the core would appear as a small sphere with a radius of order of no more than
a millimeter. The first image that came to the mind of the physicists was that of a planetary atom, with the electrons of light gravitating around the massive central nucleus as the planets around the sun. Although appealing, this image does not resist a serious examination: as it lost energy in the form of electromagnetic radiation, electrons would
gradually approach the nucleus and ultimately disappear. Atoms would therefore be unstable and could not exist. This is the absurd conclusion to which classical mechanics and electromagnetism lead. 7 It was not easy, however, to give up the image of an electron following a well-defined trajectory around a nucleus. The intuitive idea we have of
moving a material point is based on our observation of the behavior of common objects such as stones or tennis balls, for example. Perhaps because of lack of imagination, we have a lot of tendency simply to transpose our concepts into the new domains we are dealing with. Therefore, it is not surprising to find the image of electronic orbits in the first
quantitative outline of an atomic theory, Bohr theory. To explain the stability of the atoms, Bohr introduced preferred orbits along which he could that the electron necessarily had to move without being able to radiate. The discrete emission line spectra were interpreted as “number jumps” by the electron, from one preferred orbit to another. While
this type of model represented the spectrum of hydrogen atom with remarkable accuracy, it posed numerous thorny problems! Why does the electron not radiate into its orbit at the rotational frequency? What is the nature of this mysterious quantum leap? Bohr was perfectly aware of the flaws in his model and saw it as no more than an intermediate
stage for a ed ed air3Atafsitas siam Atom, a first attempt to find a guiding principle with which to navigate through the multitude of experimental facts. On the verge of a profound revolt of our concepts, how difficult it must have been to link the new phenomena that prenounced this revolt, in an old language completely inadequate to the situation!
One can only admire the founders of atomic theory, considered a little mystical by their more conservative colleagues, for having succeeded, despite all, to prepare the springboard that would allow physics to make a phenomenal leap forward. The following statement of Bohr, which Heisenberg recalls, eloquently summarizes the state of mind they
shared: “We must make it clear that when it comes to atoms, language can be used only as in poetry. The poet is also not so worried about describing facts like creating images and establishing mental connections - New languages and new concepts should see the light of the day following the works of De Broglie, Schradinger, Heisenberg, born, Dirac
and many others. 8 Thus we learn to characterize the state of an electron at a certain time, not according to its position and speed, but providing a complex number at each point of space; In other words, again through a wave function whose evolution over time is governed by a partial differential equation called the Schridinger equation. The concept
of trajectory, later constituted by the points that represent the various successive states of the classical cunning, was thus replaced by the propagation of the waves. 9 of the data does that mean that we turn to a purely wave conception of the electron? Certainly not, because the corpuscular aspect is still present in the localized impacts generated by
the electron in a detector. In fact, the point in space where the electron manifests itself when we seek to detect it cannot be predicted for sure; We can only , snot3Af ed ofAssime a e o£A§Arosba a ammAuq ofA§Aagil a omoc ,samelborp sotium a ossecus moc adacilpa iof acitn¢Auq acin¢Acem A .sona snugla airarud euq oruo ed edadi amu missa
uotnemirepxe acim “Ata acisAf a ,0391 me 31 .ocip3Acsorcam levAn on setnerapa majes erpmes men setnecajbus etnemetnetsisnoc socitn¢Auq sotiefe so sezev sad airoiam an euq omsem ,acitn¢Auq acin¢Acem ad siel s A ecedebo ,somotjA ed otief ©A omoc ,otejbo reuqlauq euq zev amu ,sogitna so megnarba sotiecnoc sovon sesse ,adnia rohleM
.0f£A§Aautis adanimreted amu me sotejbo sessed otnematropmoc o reverp e rednetne a socin®A so o£As siop ,mecelaverp socitn¢Auq sotiecnoc so ,missA .sianigiro e sacifAcepse sedadeirporp ret medop sale euq recehnocer e serailimaf snumoc snegami sasson ratejorp ed ritsised someveD .setnerefid etnemlatot somret me socim “Ata sotejbo soirjAv
son rasnep ,otnatrop ,somasicerp s3AN 21 .emulov etsed ortned odazilacoled etnematelpmoc ©A nort©Ale O .omot;jA od otelpmoc emulov o odnehcneerp not3Arp mu me adartnec acir©Afse mevun amu ecerap € agaporp es ofAn elE ;airijAnoicatse ©A adno ed o£A§Anuf a ,oxiab siam aigrene ed odatse on sarvalap sartuo me 01naAgord1h ed omot;jA od
latnemadnuf odatse oN .asicerpmi ©A ,sadno ed etocap mu rop adAutitsbus odnes elcsuproc olep ada§Aabme ocuop mu ©A euq ,airjAtenalp megami assE ?0elc?An od roder oa acitpAle uo ralucric atibr*A amu ahnesed ortnec ojuc sadno ed exief oneugep mu omoc ocim “‘Ata nort©Ale mu ratneserper sonem olep somedoP 11 .nort©Ale oa sodinifed meb
etnemaenatlumis edadicolev e o£A§Aisop amu riubirta ed edepmi son euq ossi A .roiam etnemlaudarg anrot es edadicolev ad 0£Asrep51d a ,0£A8Aisop ad ofAsrepsid ed uarG acarf siam zev adac A ednopserroc euq ,sarvalap sartuo me ,adazilacol siam etnemlaudarg adno ed of£A§Anuf amu somramot es :etnedneerprus atrebocsed amu a avel ossi e
,nort©Ale od edadicolev ad serolav sod ofAsrepsid a railava arap rivres edop m©Abmat o£A§Anuf amsem atsE 01 .adno ed o£A§Anuf an etnemasicerp odaesab ,otneve lat ed scinortcele61 .sadagerrac salucAtrap ertne sac1t©Angamortele sepA§Aaretni sad air®Atafsitas e adnuforp siam ofAsneerpmoc amu maranoicroporp euq sotnemirepxe so ofAs
setsE .selpmis socim "Ata sametsis me sadazilaer ofAsicerp atla ed saicn2Airepxe s A es-erefer ieritucsid euq olpmexe oriemirp O51 *** soda§Aalertne sotiecnoc e sacinc©At ed edadeirav alpma mu edno arietnorf ed soinAmod so raicerpa edop ortuo e ,ovitisopsid ovon mu uo odot©Am ovon mu ed 0£A§Aarobale a aiug euq aisatnaf e 0£A§Aamgam1
alep odizudes res edop ortuo otnauqne ,sodavresbo sonem "Anef soa setnecajbus siatnemadnuf siel sad egrus euq ainomrah adnuforp a racsub edop ocisAf mU .aled s©Avarta sosserpxe sotnelat so e erpmuc ale euq siautceletni sepA§Aaripsa ed edadisrevid ad ,etnearta anilpicsid asse anrot euq od ai©Adi amu rad ehl ed airatsog m©Abmat ue ,seled
s©AvartA .anredom acim "Ata acisAf ad soinAmod soirjAv ed sodatserpme solpmexe snugla odnasu racilpxe aroga ieratnet euq ossi A ?uovel ossi euq o e of£A§Aavoner asse euq roP 41 .soinAmod ed edadeirav alpma amu me odnuforp siam otnemicehnoc mu odnanoicroporp ,zev aus rop ,sresal e sresam omoc ,marecerapa ohlabart etsed seralucatepse e
sepA§Aacilpa sarem?Anl .snot3Af moc otnemalpoca ues e saut?’Am sepA§Aaretni saus ed odutse oa e snoA e saluc©Alom ,somot;jA rop sodatnavel samelborp soa uocided es socisAf ed etnecserc orem®An mU .ejoh uohnumetset adnia ounAtnoc otnemicserc od oicAni o e anilpicsid ad otnemicsaner o mariv arreug-s3Ap od sona sO .laidnuM arreuG
adnugeS ad lanif o ©Ata airarud euq ofA§Aangatse ed odoArep ognol mu ed o§Aemoc o iof etse ,acim "Ata acisAf a araP .seratnemele salucAtrap e raelcun air©Atam rop sodatnavel samelborp sovon arap uodum etnemlaudarg socisAf sod esseretni o e emrahc ues ed etrap uedrep ofAtne omotjA O .sadarepus messof sacitjAmetam etnemarup
sedadlucifid sa euq edsed ,odut racilpxe airedop regnidrhcS ed of£A§Aauqe a euq e sotrebocsed odis maivah omot;A od soderges so sodot euq aiceraP .cte ,omsitengamorref ,sortcepsE Consider the country until the end of the war, particularly thanks to the development of the radar: we learn to build devices to produce, amplify and detect
electromagnetic waves in various frequency bands. Moreover, we knew how to produce atom jets in high vacuums and oar sensitive detectors. the circumstances were therefore highly propitious to the appearance of new methods for the exploration of the structure of the atoms. the earlier works of rabbi and his students in induced resonances in
atomic jets, and the discovery by bloch, purcell and pound of the radioelectric detection of magnetic resonance, opened a new branch of spectroscopy, hertzian spectroscopy, also allowing unparalleled accuracy in the measurement of the thin and hyperfine structure of the atomic and molecular levels. is this just a trend for perfectionism, a race after
decimals? We need to remember that in physics a very small anomaly sometimes provokes a complete review of our ideas. 17 From this perspective, the value of simple systems becomes evident. when an anomaly arises, it is less tempted to attribute it to the complexity of the system that prevents an exact resolution of equations, and the fundamental
laws that support these equations are more easily challenged. take for example the simplest atom, the hydrogen atom, formed from an electron and a proton. the energies of the linked states of these two particles depend crucially on the interactions between them. accurate measurement of these energies therefore provides a very strict test of the
validity of the coulomb law at a very short distance, usually oada to describe the attraction between the electron and the proton. One can thus understand the importance of the discovery of the lamb of a small difference between the first two excited levels of the hydrogen atom. it is impossible to explain this difference based on the dirac equation,
which calculates the states res edop m©Abmat e ;agerrac euq snot3Af ed mevun ad aigrene alep odasep siam A ."arrab ed" alucAtrap ad sad setnerefid manrot es sacisAf sedadeirporp saus e ,evrosbaer e etime euq siautriv snot3Af solep ,"aditsev" ,adacrec ©A adagerrac alucAtrap A .laer otiefe muhnen a odaicossa ajetse o£An euq ,otnatne on ,eregus
ofAn ossl .etnemzaguf sanepa ecerap omoc ,"lautriv" ed not*Af ed odamahc etnemetneugerf ©A ossl .atnemua ocit©Agrene otiefed o euq adidem A iunimid euq opmet ed odoArep mu s3Apa ,alucAtrap alep odivrosbaer res eved oditime not3Af o :etnemadinifedni rarud edop of£An adairc o£A8Aautis avon a euq acidni acitn¢Auq acin¢Acem A
.etnemlabolg sodavreserp res medop ofAn otnemom o e aigrene a ,ossecorp esse etnarud ,otnatne oN .not3Af mu ritime edop 3As ele ,revrosba a adan meS .assirreta snot3Af muhnen lauq an ,adalosi etnemlalclm adagerrac alucAtrap amu ,olpmexe rop ,redisnoC02 0£A§Arosba uo ofAssime ed seratnemele sota siod ertne alucAtrap amu uo not3Af mu
ed 0£A§Aagaporp a mevercsed euq seleuqa e sossecorp sesse a sadaicossa edadilibaborp ed sedutilpma sa raluclac levAssop A adagerrac alucAtrap amu rop ,not3Af mu ,sarvalap sartuo me ,"zul ed ameugse" mu ed sepA§Arosba uo sepA551me sa ofAs sortuo so sodot ed ofAsneerpmoc amu manoicroporp e airoet an mecerapa euq seratnemele
sepA§Aaretni sA91 .0ogoj me martne euq sossecorp soirjAv razilausiv e racifissalc arap masu socisAf so euq samargaid soneugep ,"soriecitief ed samargaid" rop etnemralucitrap , s3An arap sadlregus odnes ofAtse euq snegami savon sad ai©Adi amu 2Acov a rad oriferP .atnavel ele euq socitjAmetam samelborp so ritucsid men ,sortuo sotium arap
oledom omoc evres euq ,airoet assed sehlated son rartne ossop ofAn ,artselap atse mE 81 .acitn¢Auq acim¢Anidortele :airigrus snot3Af e sadagerrac salucAtrap ertne sepA§Aaretni sad acitsAvitaler e acitn¢Auq airoet avon amu lauq ad ritrap a ,sodutse ed arietni eir©As amu uolumitse ailamona assed of£A§Aaterpretni A .bmoluoC ed laicnetop mu me
odnevom es nortelE Its magnetic moment is modified and becomes, as it were, a € ceabnormali €. If another loaded particle passes near the first, a virtual fan of the other can be reabsorbed by the other. The electrostal and magnetic interactions between two parts are now described through this type of Virtual Fan. Note that these exchanges are
slightly disturbed by the presence of virtual fan clouds that wear each participant. They therefore not interact exactly the same way they would do if they were 4 € ceBara €. The own fan. 22a can disintegrate in a pair of antipartums, for example, electron-positron, muan+-muonhon € ”, meson i+-meson i A €”, etc. As above, this type of process cannot
preserve energy and global impulse. Shortly after its creation, the pair must therefore self -destruct to give light the initial fan. Still, this type of fleeting metamorphosis that occurs in a virtual fan of two charged particles allows the van separate them to polarize and constitute a new source of change for electromagnetic interactions between them. We
can therefore look at Feynman's increasingly complex diagrams, that is, which include more fantons and virtual peers. It is thus clear that there is not a simple law of interaction between two loaded partians. Simplicity is found in a deeper one, in the elementary parts of this new set of construction which, assembled in a way, form a diagram of
Feynman describing a particular process of interactions between the two Particles. The higher the experimental accuracy, the more diagrams of Feynman will be necessary to explain experimental observations, and the more complex they are. The fact that the athamic fanatic can validly test the electrodimal that can be, and in this respect you can
compare favorably with high energy experiments, therefore, therefore, due to high , eh eh eh eh eh eh eh eh eh eh e n eh eh eh eh eh eh eh eh eh eh eh eh eh eh eh eh eh eheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheheherererererererererererererererererere
rerererentererererererererererererererererererererererererererererererererereF .esicerp yltneiciffus was yeht fi evitisnes eb yam stnemerusaem hcihw ot,snoitcerroc ‘cinordah « ni gnitluser ,elihw trohs a rof snordah otni nrutny nac smetsys altonydortceletiw detaicos smaridsa F eht ni raeppa taht
snotohp lautriv ehT .evitisnes era yllareneg erom snordah dna,snosem- I snoelcun hcihw ot snoitcaretni gnortcele eht sacus ,erutan ni snoitcaretni rehto morf snoitcaretni citengamortcele etalosi ot elbissopmi si ti taht T .snotohp lautriv neewteb gnirettacs fo sessecorp evlovni smargaid eseht fo emo ?ehT .tuo deirrac gnieb era swal lacisyhp fo
seirtemmys rojam eht no stset hcihw ni evitcepsrep emas eht si sihT .scimanydortcele mutnauq evorpsid ot elba eb lliw ew ,smetsys citoxe ylgnisaercni gniyduts yb taht epoh terces eht yb detavitom osla si krow sihT .resal a tub ,ecruos evaworcim a gnisu regnol on noitisnart gnidnopserroc eht ecudni ot elba gnieb fo epoh gnidivorp ,niamod lacitpo eht
otni spord lavretni bmalL eht sa ,ralucatceps emoceb neht stceffe noitaziralop muucav ehT .mota yranidro gnidnopserroc eht ni nortcele eht morf suelcun eht gnitarapes ecnatsid eht naht rellams semit derdnuh owt tuoba eb ot mota cinoum a ni noum eht dna suelcun eht neewteb ecnatsid egareva eht sesuac noum eht dna nortcele eht neewteb
ecnereffid ssam eht ,ecnatsni roF .selcitrap eht fo egrahc dna ssam eht sa hcus sretemarap suoirav eht fo ecneulfni eht esylana Othto Swola Swtt , gave Fustra ?we peasy peak . luser smota cinoum ;teehs nobrac niht a hguorht gniog snoi detarelecca morf snortcele eht fo eno tub lla ffo gnippirts yb deniatbo snoi ekil-negordyh degrahc ylhgih ;noum a
ro nortisop a htiw nortcele na yb demrof setats dnuob ,muinoum ro muinortisop ekil smetsys cimanydortcele ylerup ,elpmaxe rof ,era esehT .citoxe erom yllaudarg dna ,nommoc ssel dna ssel era ,mota negordyh eht fo tnecsinimer era dna elpmis niamer yeht elihw ,hcihw smetsys cimota fo yduts eht :dnert rehtona gnithgilhgih htrow osla si tI152
.negordyh fo erutcurts enifrepyh eht no tuo deirrac seiduts laciteroeht fo tseretni fo stniop rojam eht era smelborp esehT .yalp otni noelcun eht fo setats deticxe suoirav eht sgnirb hcihw ,ytilibaziralop sti osla tub ,notorp eht edisni noitubirtsid noitazitengam dna egrahc eht sdrow rehto ni ,erutcurts citats sti ylno ton tnuocca Okta Enot tweeted E.
tweeted by electric tanket and Nonnoon and Improstratings and Chilean Gertweets Enternatives. ylsuounitnoc yrav ton seod ecaps ni Sixa Nevig yna tnemom rieht fo Noitcejorp eht .smota era taht scejbo mutnauq eht ollew ymmury oduoh sasamoh . Pot gninnninnips that tnectimer is hcih m“a€a€a mutnemom ralugna rieht :scitsiretCarahc a€a€a€TM
esu suoinegni yrev ekam hcihw dna su rof erots ni sesirprus evah llits hcihw stnemurtsni ,sresal si redisnoc lliw I elpmaxe dnoces ehT .8191 ni zciwonibuR yb dehsilbatse ,noitaidar dna rettam neewteb snoitcaretni gnirud mutnemom ralugna fo noitavresnoc labolg eht dna ,5091 ni dooW yb derevocsid ,EcNanoser lacitpo esac siht yiht yiht yiht yiht
elpmis yrev FO Noibmoc tnagele eht yb Delkcat Eb nac taht smelborp fo . Rieht No Egami Lanigiro Etaerc ,Smrof dna sruoloc elpmis elpmis Fo tnememegra ralucitrap hguorht ,ohw sttitra ekilk tig a ;yawxenu na anemonehp ethilttni dna ssilale-llew ,sehssedn ,sehssed yb denigami Eb nac serutcurts yes yleritne :laviver scimota eht fo tnenopmoc
tnenop tnatrop tnatrop ot ot ot ot t smees tahw ot trut ot tru ot liw i62 ** erw .tnedive-fles niy yaw On ni Si ,revewoh ,EcNairavni Hcus .emit Fo Noitcerid Eht Fo Lasrever eht hguorht rorrim Noitcelfer Suoitac yrev stsicisyhp edam SAH ,thgir dna tfel eht ot gnagon snoitCaretni Eseht taht swohs hcihw ,snoitcaretni kaew ni ytirap Fo Noitavresnoc-non
Eht can only take a discreet sequence of values at equally spaced intervals. In fact, each of these states corresponds to a different value of the projection of the atomic magnetic moment and, consequently, also to a different coupling energy with a magnetic field that applied throughout that direction. This explains the effect of Zeeman, that is, the fact
that in the presence of a magnetic field, an atomic level is decomposed in a finite number of slightly different energy sublevels, called Zeeman Sublevels. 29 If we consider a set of atoms in thermodynamic equilibrium, we can easily show that, for a certain level, the populations of the various Zeeman levels are equal in a zero field, so that no
orientation of the angular momentum is preferred over others. We say the sample is not polarized. The container that kept the atoms would have to be kept at an extremely low temperature and kept in a very high magnetic field to get a slight overpopulation of the lower levels of Zeeman. Obviously, other techniques, such as the action of field
gradients in atomic jets, can be used, but all these methods are difficult to implement. It is not easy to polarize a collection of atoms. 30The difference with photons is impressive. The angular momentum of the photons is closely linked to the polarization of the wave to which they are associated. For example, a light wave with circular polarization right
now corresponds to photons that carry an angular momentum unit along its propagation direction. A polarizing plate, very easy to make, therefore, simply needs to be placed on the path of a light beam to get a photon jet, all with a well-defined angular momentum, after passing through the dish. 31 The optical methods imagined by Kastler and
Brossel around 1950 and, since developed in many French laboratories andThey use resonant energy exchanges and angular momentum between polarized and fantons to transfer to A lives. of the angular moment we are able to introduce, simply in photons. During the resonant absorption of a polarized optical photon, the atom acquires not only the
energy of the photon, allowing it to change from the fundamental level A to the aroused level B, but also the angular momentum carried by this photon. When it returns to the fundamental state, the atom does not completely lose the acquired angular momentum, as the re-issued photon may have several states of polarization. The overall balance of
the optical resonance cycle, absorption and re-emission of a photon is not equal to zero. To describe this set of processes, we usually use the image of an "optical bomb", which emptiness certain sub-levels of Zeeman in other sub-levels, making atoms pass through certain sub--veils of B. is effective, because it can focus on up to 90% of atoms at certain
levels of sub-le, which we can really choose by playing in the polarization of the incident wave. 32 FURTHERMORE, optical methods provide a very practical means of detecting the atomic polarization they allow, which is important if we wish to use these atoms oriented to study other physical problems. The characteristics of light absorbed or emitted
by atoms, such as the intensity or degree of polarization, for example, depend on the distribution of populations among the various sub-levels of Zeeman of the fundamental or aroused state. Therefore, just observe this light for accurate information about atomic polarization, to monitor how it is built and evolves. 33i will now give you an idea of the
problems that can be addressed by these methods. 34 PIRST, It is possible to study the return to thermodynamic balance, that is, to identify and analyze the so-called processes of thermal relaxation behind the establishment of this balance. To do this, it should beBy accumulating the d2tomes in a well -defined Subnavable Zeeman, and suddenly turns
off the pumping bundle. Population is equal to the effect of the collisions between the A lives or against the sides of its container. If, with a beam of detection, we can determine the constant time of this return to the thermodemal equilibrium, we obtain valuable information about the collision processes, and it is possible to choose between possible
mechanisms possible mechanisms . Many phenomena were thus evidenced and studied in detail: for example, the fact that a tatomo does not jump elastically from a glass wall, but remains absorbed by a certain amount of time that can be measured; or even the form of mollets of krypton-rubidium when a collision of three bodies occurs between two
krypton and a rubberious A ° is, etc. 35The Mother © all the a.Pcepts also serve to determine small energation differences with great precise. Once the a42tomes have been accumulated in a certain Underless Zeeman Al, they can be moved to a ultimate neighbor A2, making them absorb the corresponding energy in the form of a Hertzian fan. The
measurement of the energy of this fan, that is, still that of the associated Hertziana wave frequency, directly provides the difference A1 A2. We recognize here the principle of Hertzian spectroscopy. The mothers of magnets further contribute to sensitivity. Instead of monitoring the extent that they change from Al to A2 through radio -sensitive radio
processes telling Hertzian fantons that disappear, as usually, observation focuses on the fans absorbed by the Thomas and whose polarization changes, depending on whether the are in A1 or A2. The absorption of a Hertziano Fanton is therefore indirectly detected in a backward fan that can carry power of a bigger time, which is later much more
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lacisyhp eht ot ssecca droffa suht stnemerusaem esehT63 .muidem desnednoc a ni dnuof Snoitcaretni eht htiw detaicossa snoitpursid eht gnidiova ,sruopav cimota deluid ylhgih if you are a tarepo ot so swlla esaercni In a transparent medium, in other words, in a medium formed from all to which light is not resonant. This is a well -known
phenomenon, usually described by a refractions. 37 To conclude this brief review of the tribulation that a way can suffer from mothers, I will mention the cross -sectional pumping experiments in which the tatomus is subjected to two somewhat contradictory attempts: one one Magnetic field parallel to a certain direction, which encourages the angular
momentum states that are well defined in relation to this direction and a cross -sectional pumping beam, perpendicular to the field , which tends to guide the all in this new direction. What do they do under such conditions? In a zero field, they follow along the beam of light. If the field slowly increases zero, the guiding effect of the light beam is
increasingly upset by the field and disappears completely in a strong enough field. We can show that the variation of the athamic orientation thus obtained with the field of origin to resonances centralized in a zero field that, in some cases, are thin that can Serve to detect weak fields as a bilionion of the earthly field, much smaller that the field
created by the functioning of the human heart. This experiment really raises a much more general problem, that of a linear superposition of states. A certain one does not necessarily occupy a well -defined energy subavalian; He may well find himself in what we call the coherent superposition of subnables, with fanic properties that do not simply
result from the justice of the properties of each subnable with certain statistical weights. As in the effects of interfereials, observed in the so -called or act, these new fanic properties associated with coherent over sub -lean over the intensity of a wave obtained by the overpassion of two waves obtained which is not only the sum of the two waves.
waves.The variations of these interference effects, which are obtained with the static field, explain the resonances in a zero field described above, as well as several other effects observed in atomic physics. Thus, we see how corpuscular and wave concepts are closely interlinked to the quantum level. 38 I will now discuss the problem of lasers and
their impact on atomic and molecular physics. I will begin by analyzing another property of interactions between atoms and photons, which sustains the functioning of these instruments. Let's start from an atom that was transported to a level B animated in some way or another. If it is isolated, after some time, it usually drops back to a lower level A
by spontaneously committing a photon that can have several directions of propagation and several different polarization states. Suppose now that this atom, in the B state, is also irradiated by N photons that are identical and resonate to the B transition. A new process of so-called induced or stimulated emission is superimposed in the spontaneous
emission process described above: the incident photons N stimulate the atom to issue a photon at all points identical to themselves, with the same energy, the same direction of propagation, the same polarization. The more of these photons there is and the more efficient this process is. This reveals a fundamental property of photons and bosons more
generally: their rather gregary tendency to gather as much as possible in the same quantum state, while electrons, and fermions more generally, demonstrate by the contrary clamp individualism that makes them mutually exclude each other. 39 Consider now an atomic medium in which we do what we call population inversion, that is, a medium in
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noitnetta gniward ni seil ylno ton sresal fo tseretni eht taht ezilaer ot tnatropmi si ti ,yllaniF14 .snoitauqe sallewxa ? J] it's a J] it's a JJTo subject the electrons of an atom to comparable and even larger electromagnetic fields than those that keep them connected to the nucleus. The behavior of the atom is no longer the same as in low intensities, and
new phenomena appear. For example, a red light beam of a rubi laser falling into a quartz crystal turns into a ultraviolet light beam. This transformation is explained by the fact that, in high intensities, a crystal atom becomes able to convert two red photons that reach a single ultraviolet photon with double energy. Many other non-linear effects
similar to them are now being studied by a new branch of optics, non-linear optics: addition and subtraction of frequencies, simultaneous absorption of various photons, stimulated Raman effect, automatic focus of light on a non-linear medium whose index varies with intensity. Currently, enhanced lasers are allowing us close to 1012 watts. To have an
idea of what this power represents, consider a 100 watt lamp that is more than enough to light a room at night and imagine to gather 10 billion lamps and concentrate the light emitting into such a narrow pen that, reaching the Moon, would render a point with a radius of just a few kilometers. This power, which really corresponds to the power of all



the electricity plants in the whole world gathered, obviously cannot be maintained for a long time; In these conditions, the laser can only provide a very brief flash. This leads me to another interesting feature of these sources: their ability to work by pulses. 43 Pulses can be used to excite very briefly an atom or a molecule and then study the
subsequent evolution of the system when it is left to your own devices. For example, if a laser pulse carried a set of atoms in a coherent overlap of two excited levels close to one of thethe light they then spontaneously remit is modulated in a oneeht fo emos ylno yb debrosba si evaw esnetni ehT .meht gniborp ,kaew yrev rehto eht dna ,smota eht
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ralucelom-artni dna cimota fo scitenik eht ot ssecca tcerid sedivorp sihT .elucelom gniruobhgien a ot ro ,elucelom eht fo modeerf fo seerged rehto eht ot srefsnart yltneugesbus ygrene siht hcihw ni yaw eht yduts neht dna ,level ralucelom denifed-llew a eticxe ot desu eb osla nac seslup thgil. .yduts fo dohtem cipocsortceps wen A Setutitsnoc staeb
mutnauq esht fo noitavresbo eht .slevel owt owt neewteb ecnereffid eht ot sdnopserroc hcihw roF .seudginhcet latnemirepxe dna saedi fo egnahcxe gniworg a otni setalsnart tsrif gninepo sihT74 ?It is becoming increasingly common to see experiments of atanic fanatic users using Ons accelerators, coincidence devices, and scales, thus increasingly
similar to nuclear fanic experiments. On the other hand, using the radiation emitted by charged particles turning into a Sancrotron, atheic and molecular fanics is considerably expanding the domain of the application of these instruments. Another important example, providing a good illustration of this new state of Spam, is the collision between
atheic jets. To study the interactions between A lives, dollars, cules, and elo's in detail, atheic and molecular fanatics now promptly cause these parts to collide after communicating well -defined energy and speed for them. They enter the scattered parts arising from the reaction, measure their energy and their angular distribution, and determine the
variation of the vain transverse sections according to the energy of the incident particles. These studies are much more complex than those of the same gaseous or woolen reaction, which can provide global information only. They offer precise about the mechanism of the reactions, the important intermediate states, the vain potential curves the
system follows to move from the input channel to the one. It is also worth mentioning the recent contribution from lasers to other domains, such as microcurgery for the treatment of retinal detachment, for example, or biology, for the study of reaction speeds and vibrating movements £ o and Macromolian Biholary and membranes. In this last case we
study the angular and spectral distribution of diffuse laser radiation, which has a wavelength of the same order of magnitude as the dimensions of the studied objects. 48More important than the exchange of ideas and techniques, it seems to me to be the fact that, much to your multidisciplinary contacts, and molecular molecularis finding new
motivations for your studies. Progress in the other branches of science translates into a growing need for information and data on the high number of atheic and molecular processes underlying the observed phenomena, and the atheic and molecular fanatics are constantly called to provide these information and data. 49 For example, the
interpretation of x-ray and ultraviolet rays emitted by the stars raises a new problem: determining the power and strengths of highly ionized ionys, find the preponderant mode between vain modes of radiative detection of metal. destroyed by photo sewn. I was also able to mention the recent discovery of dozens of molecular spanns in the interstellar
space that radio states were capable of detecting and identifying barters of microwave and Herztian radiation that emit or absorb. We are still stabbed by the complexity of these mollets, which may include eight jtomes. How do they form? Is it when it collide or through a catalytic reaction in the superior of dust spots that exist in the space? The
brightness, the tenacity of the line and the directivity of certain emissions, such as those of the OH radical, is such that only a mass effect could explain them. What are the radiative processes or collisations susceptible to produce the corresponding population inverse? 50 I prefer not to continue with this long list of problems for fear of boring it.
However, I hope to be convinced of the current vitality of atheous and molecular fanatic and their last facets. Except nuclear reactions at the root of the energy emitted by stars, we can say that it is molted, molty, cules, and elors are in the center of all fanic, quantic and biological fees of our universe. Therefore, draw in the image image used right at
the beginning of his famous physics lectures. Imagine that all our scientific knowledge were destroyed in a cataclysm and that only one sentence could be passed down to future generations; what message should the bottle we threw into the sea contain? I believe it would be that all things are made of atoms. *** 51Finally, I would like to conclude by
mentioning a last point to which I am personally particularly sensitive. Despite the growing sophistication of experimental techniques, atomic and molecular physics still lends itself to the constitution of small research teams, carrying out experiments on a human scale, studying both the theoretical and the experimental aspects of the problems
addressed. At a time when the specialization of tasks is intensifying, and when management and administrative problems absorb a growing proportion of precious time, the possibility of working in small teams appears to me to be an essential factor for balance, allowing us to retain the availability and open mindedness so fundamental to research. 521
ultimately never left, had only six or seven researchers at the time, but offered an exceptional atmosphere. A research theme of great simplicity and elegance had just been uncovered, and many experimental ideas were forming and being discussed with intense enthusiasm. I have particularly fond memories of this period of my life when, free of all
material concerns thanks to a CNRS scholarship, I was able to devote all my time to the in-depth study of a physics problem, learning to design and carry out an experiment, to build a Model, draw the fanic meaning of a break, and elaborate a scientific article. Even more precious than the results obtained seems to be like personally enriching this
human contact. Great to this, I understood better than modern, the passion for the truth, the toleration spicy, and respect for others meant. 53Todos We are marked by the teachers we are. I still remember some of my teaching teachers and the constant interest of my parents in my studies. What attracted me to the fan of the atmical was a lecture
that Kastler gave to the students of the Normale Suppness. I didn't even forget the modern fan classes provided in the cole des Houches and Saclay, when the studied studies had not yet made their appearance in colleges, not some of the lectures and seminary in the Collen “Ge de France, particularly yours, my dear hug, which revealed to us the
mistiations of magnet's resonance, the mother effect, of the relaxation, etc. She has shown interest in my work since the innio, and is by transfers of my being in the collan of France. You know how grateful I am. 54For a few fifteen years now I have, in turn, had to teach different subjects at colleges, either as not to be borne or in the non-Master's
fancilist. Thus, I was able to constitute a small team of young researchers around me and discover another fascinating aspect of our work, that is, the initiation of investigation. Today I would like to tell all the members of this team that satisfied I have been to be able to work with them, and how much I value your friendship. Everything we got
together is the result of collective work and represents much more than the sum of individual contributions. I sincerely hope we can continue this narrow and friendly collaboration for a long time. 55 As I left to perform this new teaching, I am driven by two concerns .Me .Me ni tup evao uoy ssurt eht yb denehtnerts ,nac i tsb in the ot flesym Etoved
uot uot erussa nac i ,reveoh .stbuod ym tfo tfo tfo tfo tfo tfo tfo tfo tfo tfo tfot elba tuh yveih elbaht elbah. Dezililaiceps oot gnimoceb tuohtiw dnuorg or evom ot yvom ot yltnatsnoc dna ,saedi gnudug elpmis dna raelc tamumpemrof ot rehcaet eht Egaruocne ohw Srehcraeser gnuos snudus tca tcatnyatna.
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