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PREVIEW

Ttris Friday': neeting ot- the Univer:ity Lowbraw A6tro-
nornerE wilL featrrre a talk by John Salazar who iE 3
Gr:duate itudent in the Astronomy Department at bhe
U cf M" He 3i11 be Ealking a.bout Emissi.on-Line
Calaxie6. Your typical Ealaxy uEually exhibj.ts an
ahEarption-Eype spectra. GaLaxies with emisEien 1ine5
in their spectra are often asEociatEd with violent.
hiqh enerqy eventE^ Seyfert galaxi.es and the Eo-
calLed M Eype galaxies, I assurne, both fi't lnto this
high-energy category, I'm not qulte sure, though.
if vou're not sure either, and you '"rant Co be brought
up-to-date on what is known about these viol.'nt
beasts, then I guess we'11 see you aL Ehe meeting this
Friday.

OPEN HOUSE

The clu-b owes a debt of thanks to Jim and Irene New-
house. who at the last ninute salvaged last month's
open house at Peacir Mountaln by procurinq a tining
beii for the 24 inch telescope. Thj.s chronic problcn
of tlming belt breakage is being rectified (even as I
write Chj.s) by Doug Ne1le and ToIu Ryan who are working
on installinq a set of GEARS to permanently replace the
belE.. It should be i.!r operation by thls nonth's open
house whlich wllL lake place on Saturday, JuIy 28.

WARNING

f quess I got a 11tt1e carri.ed aeray ihls nonlh. i
mean. the arti.cle I wrote got. !o be a little LoNG, so
read i.t when you have about 45 minutes of uninter-
rupted tine t-o spare.

Except for Ehose who majored in a science, most of
us recieved our science educatlon at the hands of high-
school and college Leachers in the broad context of
introductory courses. l{hatever gaps occured, ce f:"1,}ed
in ourselves. My article on Quarks is supposed io
update those of us wiLh a skimpy or antiquated
knowledge of atonic phys j.cs. i,Ihy?

Th.ere are some of us lralki.ng around \rho sti11 thj.nk
ihat an atoln i.s some kind of a nlnlature solar systenr
with electrons orbiling around protonsl Most of us qrere
taught t.hat in hiqh school, anyway. 0f course it's a
nice way to explain lhe atom, but it's errong.

Anyone even renotely interested in astronoRy usually
discovers LhaE without at least a basi.c understanding
cf atami.c physics, virtually nothing in astronomy
cen be understood either, .{nd with the advenL of
tbe idea of quarks and uni.fled field theories, astrono-
mers are busying lhenselves wlth experinents and
prolects Chat to t.he unlnltiated seem exotic and
bizarre (like Ehe search for "cravity waves", "quantum
black-holes" etc. ) Even 1n Sky and Telescope, lrard-
1y a.n article is written that doesn't mention Lhe lrord
'quark" or "graviton" in some context or another. If
you'd. like to keep even a 1ittle a.breast of Ehese
developments" you need to understand ToDAY'S modern
physics. not just the physlcs of 1910. Th:.s month's
arti.cla nighi help to provide an overview, at l:ast, of
how today's scientist understands the sub-atomic wor1d,

.ieffery Bass

tt
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ATOMS
and

QUARKS

by Jeffery Bass

Ihis is an am-bi.tiou6 article. In only a
few thouEand words I an going to pre6ent
an overview of th€ regultE of the last
50 year6 or so of Eub-atonic research.
And sEile whilc I'n doing it.

One bi(, achievement of the laEt 20 year6
in pbyEicE haE been tl..e developnent of the
quark theory of matter. JuEt qrhat is all
of_ thiE "quark" buEineEB anyway? lile a].l
know the pat description of the quark
ttreory thnt 6ay6 that Eub-atonic particles
such a9 procons and neutrons are actuall.y
nade ot nore fundanental particles: the
quarks, but that j.sn'! saying very Duch.
Are quarks built fror even snaLler parti-
cles? Ooes Ehe dlvtsi.on of atonic
particles just qet finer and finer and
snaller and sDaller ad lnfinitun (or ad
nauseum)? It seeDs as though the 'quark"
1s JuEt anot,her tiny particle. But in
fact, quarks are a l1ttle nore conpllcated
than that. Though the quark theory 1! far
froE conplete, 1t seeEs to shou that in
Uerns of size, the unlverEe lndeed has a
botton-scale linlt. At thi6 loerer sl.ze
llElt nature can create dlversity only by
clever and subtle i.nteractlons of quark
properttes. fhat is why tt is possible to
begln unlfylng forces uslnq the quark
theory.

But I'o gettlng ahead of nyself. How
dld the idea of quarks ever cone alout in
the first place? fhe anseer 1s found i.n
Ehe events surrounding the qreat dlscover-
1es physici.sts and theorists nade at the
Deglnnlng of this century. fhls article
e11,1 descrlbe those dlscoverles that
cululnated ln the foruulatlon of the
fu11-f1ed9ed Quantun Ttreory i.n the 1920's
and ultinately Lead up to the ldea of
of quarks in the L960's. Then our "epic
saga" silL contlnue with a de8criptlon of
the quark theory j.tself as lt stands
Coday.

the ldea that the chenlcal elehents rJere
Eade out of atotls began to be apparent
Late 1n the l.9th century. A6 sclentlsts
cLassified the kno$Tt elenentes lnto qroups
of relaEed propertles (such as metallolds,
lnert gases etc.) interestlng patterns ap-
peared. Scientlsts reallzed that the
patterns Fere :nanlfesEatlons of an lnner
synoetry presen! lnslde the eleEent3
therselves. 9{hat that Byuretry actually
was, and hos 1t behaved ln detall tJas not
unclerstood. Some scl.entlsts Ju[ped the
gun in trying to forlrulate a printtive
sort of atotric theory in rJhlch the proper-
ties of the che]lica1 elenents could be
derived. In the claEEical mechanical
termE of the day atomB were con6idered
"vortices in Ehe ether". ,le-tl, thiE
picture or nodel of bhe betravior of the
elenents waE alno6t imnediately found to
be unsatisfacEory. Most 6cienti3ts cor-
rectly realized that what wa6 needed first
waE to develop a descriptive theory based
on cl-assification schemes. 0nly afber
such a theory sas constructed wouLd. ].L be
possible to formulabe a more fundanental,
far-reaching theory.

To nake an incredlbly long story short.
the .prudent scientist.'s patience Paid off.
By the turn of ttre cenlury, much sas knoLrn
of the behavior of the elenents. And after
Harsell's nathenaticaL fornulatlon of a
comprehensive ttreory of electronagnetism,

scient,ists erere able t,o nake a feq, stabsaC describing Ehe structure of the atomj,tse1f. It becane apparent quite soon that
the aton eas constructed according toelectrica] and nagnetic princlpl.es. This
discovery occured at lhe sane tine many
lnportant observatlons were bej.ng laade
concerning the nature of light. firere was
a long-standl.ng controversy over shether
light was conposed of Lraves or particles.
It seered to exhibit propereies of BOTHphenouena. ltrls problem was cleared up
somewhat by Max Planck t,ho 1n I9O0
presented a theory that explained light in
terus of tiny corpuscles or particles
ca1led "guanta". In the "Quantu! !heory,,,
light behaves aE a partlcle t hose
attrlbutes can best be descrlbed. €,s having
I{AVE properties. Slnply put, the inergy of
a quanta of 119ht, or photon as 1t came to
be known, ls equlvalent Lo lls waveJ.ength
factored by a constant 'h' (Plancks con-stant). All eLectromagneti.c energy ln the
uni.verse eras lreen as the shuf,fling back
and forth of 119ht quanta. Ihis was
ertreDely startling, because up to that
line energy had been a hj,ghly abstract
concept. To nany sclentists, planck, s
Quantun Theory Eeelred to be [erely a Dath-
euatical contrivance that didn,t explain
what 119ht actually was nade of. Fiveyears later, the Quantun Ttreory found
support in Einstetn's new rheory of ReIa-
tivi.ty which shoued ttrat Eatter and energy
could be considered as different condi-
lions of the sarte "su.bstance". Wlth this
revelati.on, Planck's enerqy quanta sud-
denly took on the look of being physically
"real" obJects,

In Lhe Eeantime. scientists r,ere pokj.ng
into the insi.des of atona. With HaxweLl's
equations j.n band and a wealth of exper-
i.nental evr.dence, i.t wa8 dlscovered that
lhe aton g,as Bade of two different e.Iec-
trically charged pieces. One piece pas
dense and positively charged, the other
liqht and negatively charged. The dense
heavy parti.cle (the proton) r,as found to
reside at lhe center or nucleus of the
aLon shile Lhe llght, particle (the elec-
tron) tJas noted Lo be swirling around the
proton as though it were a tiny pl.anet
orbiEing around. a tlny sun. The i.dea of
picturing the aton as a klnd of niniature
solar systen enablecl scientists to ascribe
properties of Eolion and EoltentuE to the
particles of the acoo, the proton and the
electron. But there rrere probletls. fhe
electrons, it rras reali.zed, could not
really be "in orblt" around the nucleus.
Itre gravitatlonal attraction between the
proton and the electron 1s incredibly weak
conpared to the huge anount of electrlcaL
attractlonbeEweenEhem. l.latheratlcally
lhere was no tJay of "spinnlng" an electron
around an ator lrithout the electron event-
ually splralLng i.n and crashing lnto Ehe
protonE lnslde the nucl,eug. Such an event
woul.d release the orblting eleclron's
llollentum energy in the for! of eleclro-
Eagmetlc enerqy. And indeed, when
hydrogen atoms were Etudied. energy 1n the
forro of light sas seen to eEanatr froB
theE, but not in the nanner that the
splrallng electron scenarlo pould indlcate.
fnste&d, th€ light was eej.tted in severaL
discrete Eavelengths, lrhich ln a spectro-
graph appeared as br1ght l1nes. Ihe
appearance and spaclng of the llnes could
not be accounted for. In the 1920's, Niels
Bottr solved this puzzle. fhe discrete line
spectra of the hydrogen atoE could only be
expLai.ned if Lhe electrons "Eplraled" in
towards the nucleus only in t,ell ordered
INCREIffIS which were terDed "energy
levels". Ag each electron descended to a
locer energy leve1 (closer to the proton)
energy Eas emltted in the fortn of ]ight
quanta of an exact, speclfied lravelength.
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This llnked Ehe behavior of the electron
Eo Planck'3 energy quanta. Ttrese
quanta (photons) lrere seen as the
individual colored Lines in the hydrogen
spectrun.

Not only d1d Bohr's theory exPlai'n lhe
appearance of the hydrogen sPectruE, but
later eathenatlcat work showed even nore
interesting results. Calculatlons shosed
that the sPi.n angrular EomentuE of the
individual electrons in each energy I'evel
were such that no two electrons could be
ln the sal[e energy state. Two electrons
could be i.n the iane energy state only if
their SPINS were ali.gned ln opPosite dl-
rections, but oiher than thls special case,
the energry levels the el'ectrons occupied
were cu1t,i-exclusive domains" The ldea of
rhese'c*Lah.tsive electron energy }evels was
the breakthrough thaL scientists had been
working towards for the past century. With
a few reflnenents in the enerqy level
natheEatlca ( in ord.er to accomodate tlre
larger nu[bers of electrons i.n btg atons],
using the new Excluslon PrinclPle it was
shown how all of the cheEical eleEents
rrere related. Ttle sPeclal vertical
rorrs ( or "farqllles" ) ln the Periodlc
talle of ctre el,enents t,ere deoonatrated !o
be atoEs that had the sare nuDber of
electronE in their outerlos! energl, shell!.
lhe horizontal, rorrs of the Perlodlc taDle
reprelented the 7 Posslble energy shells
thiuselves. I'tre chenical elenents Er'DPIy
dropped. one by one. lnto ttrelr slots.
The patient work of thc aclentlsts lrho
began only to c1as8i,fy Ehe elenents, pald
off rJtth the advent of, Quantun Electro-
dynarlcs ohlch erplalned l&lY the elenents
tJere arranged ln eactr of their Particular
group3. Only one Problen re!61ned. l{any
scientlsts were boehered by the new theory
wtren they trled to erplaln exactly ,{HAT
happened during a quantum enerqy level
Junp. D1d the electron ,ust Daglcall'y
disappear frou lts original energy level,
only !o magically reaPpear at Ehe new one?
t{as Ehere a tlme lag? How did the
electron actuall7 get fro! one energy
level to anottrer? Belng unable to sol've
this probl,en sithout vlolatlng tlDe-
honored conservation 1a!rs Ehreatened to do
considerable vlolence to the Quantua
Theory ehich uP until then had done so
ructr in providlnE anssers and order to tbe
atonic puzzle.

Fortunately, an exPlanation of the elec-
tron's bj.zarre antics etas forthconlnE.
lltch it, the last vestiges of classical
physica, in ehich all Phenoaena could be
intui.tively visualized, sere suePt aray.
werner Heisenberg and Ersin Schr'ddinger
analyzed t,he quantun equations and came to
a fai-reachingr conclusion. ftre Problems of
bhe nysterious el.ectron behavlor stenmed
froD the ldea that an electron was a well
defined entity, a ParEicle, 1n which a
precise positlon and veloci.ty could be
cleternined" Bu! lras this a true as-
sunpEion? Hos could one "know" the Precige
posltion of sonethlng so snall that it
can'b even be Eeasured? How can one even
"look" at an electron? Can 1t be seen?

To exanlne sonething as incredibly small
as an electron, you need short eravelenqths
of llgtrt. Ttte llght waves nust be severaJ'
sizes snaller than the electron you are
looking at in order to resolve it unan-
biguouily. Ttre shorter the wavelenqth of
Ehe }lght (or the hlgher lhe enerqy) the
better your resolution is. But what
happens when you strlne hlgh energy light
such as ultravioLet 1lght, on an el'ectron?
You knock Che eLectron all over the placel
So you can't even find 1t. If you reduce
the lravelength and so reduce the des-
Cructlve effect of the light, you also
reduce the resolutlon thaE you need
in order to Precisely locate the electron.

Thus, at high energies, or short wave-
lengths you can be relatively certaln of
the POSfTIolil of the electron, because
you're 'plnning" tt dorrn for brief
lnltances, but you don't knor where it's
golng to zlp off to in the next instant.
Your short wavelengtl: EAkes tt hard to
detcrnine tbe directlon-vcctor of the
electron' s veloclty , hence You can' t
deterEine the electron'3 velocity very
accurabely at all. Convergely, al low
energlea and long rravelength!, you're not
knocking the electron around Eoo lluch and
you carn be Dore reasonably certain of the
electon's veloclty, but you can't locate
the thing aE all, your reltolutlon i3 coo
Iow. All you know is that there 1s a
Ilkel,lhood, a PROBABILITY, that you !r11]
flnd an electron in a sPeciflc sPot. Thls
dllenna of not being able to knoqt
si.nultaneously an atonic Particle's
velocity Af,lD PoEltion is ca}led the
Uncertainty PrinciPle. It is intrLcately
connected t,tth the ldea of wavelength-
TtrlE situatlon is not Just an acknowledge-
Eent that lt i5 very hard for large
scientlsts Eo exaElne snall atotnlc
partlcles. It is nore fundanental than
that. It ts Just a! hard for the atonlc
partlcles rflE{SELVES to deCerDine another
particle's vel,ocity and Positj.on. TtIe
Uncertalnty PrinclPle 15 a REAL lap of
nature that operates everlMhere, lt Just
so happens that its effects do not becone
easlly aPParent excePt at the tlny Ecale
of the atom.

Thus. lt Eas revealed that an electron
is not a hard, partlcle-like object like a
planet crhich orbits around a sub-atonic
sun (the proton). Rather, the electron ls
a TtIING Ehat ls better vl.sualized as a
QUALITY Ehat has electron-CyPe properties
of electrlc ctrarge and angular nonentumi
which has a PROB,ABILITY of being located
in certain dLscrete areas (shells) around
an atoulc nucleus. What an electron

ffi
fhe proba.bility of finding an electron in1ts loerest energy scate takes on the appear-
ance of a "smoke-ring'' around the nucleus.
T?le thj.ckest part of Ehe ring is where theelectron 1s nosE, 11ke1y to be found" For
atons erith more than 2 electron shells, the
probabiLities of electron distribu!ion are
extrenely conplex, and correspond to no pos-
s1b1e'rea1" geometrical. representations.

a I
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A sinple hydrogen atom can be visualized as
a system of tt o different standing wa.ves: a
proton wave and an electron wave.

A large atom \rit,h many protons and electrong
can be inagined as a single systen of super-
inposed standing waves.

"really" is, no one knows. Indeed, the
whole concept of "real existence" has been
virtually chased to death by phllosophical
hor.rnds. Since 1.905, wlth the pubLication
of Elnstein's Special Ttreory of Relativlty,
the idea that everythlng 1n the universe
should be vlsuallzed mechanlcally has
gradually become ri.dlculous. &le nos find
that nechanical obJects thenselves are
corposed of "unlts of probablllty" held
t,ogether by electrlc flej,ds, and therefore
tt aakes no sense to try to explaln lhese
"units of probabllity" (sub-atonic partl-
c.LeE) in terrs of Eechanlcal nodels. If
you MUST try to vlsuallze 1t, an electron
1s lore of a standtng-eave rloshlng around
tn a 'fixed" energy coupartDent (energy
Level) t lth related harnonlc waves
sloshing slaultaneously along eith j,t
(the other electron energry levels). Each
luch "standlng Eave" can have only very
dlscrete lravelengths (enerEler) or else
the slandlng wave effect slll bc dlsrupted
or destroyed and lhe atonr ag a unlt would
dlslntegrate. Since protons have the sane
rpln characterlstlcs as electrons, so too
nust the protons obey the Dtcluslon Prin-
ciple. When protons bunch together (ln
Large atoEs) no trro can oppupy the sane
energry level and Chus trust "stack' up 1n
other, hlqher proton-energry shells. Llke
electrons, protona can also be visualized
as a standing !,ave phenonenon.

In short, the state of physics at the
beglnning of the I930's lJaa nothlng less
than drean-l1ke. A11 of the long standingpuzzlea of the centuries of alcheny and
cheDistry (and Eany frou other branches of
sclence ) were "solved" by the QuantunTheory. lian had clinbed out of the sllne
lnto the full light of day. Ttre Elf,fIRE
UNMRSE eras Eade of ,ust trro substances,
the proton and the electron. And r;e knew
how they uere conbined to produced every
elenent that Be could see in nature. fhe
silpllcity and beauty of the cosnos was
narveloua to behold! Oh, and one nore
partl.cle to add to Che 1lst, the neutron.
It secned to be alnoEt like a proton,
except that it eras electrlcally neutral.
The neutron explalned qrhy there were
different versions or "lsotoPes" of the
saDe elemeneE. And lt denonstrat,ed why
sone of these isotopes decayed radlo-
actively into other elerents. fn fact,
the two nost well knoen particles enltted
in radioactive decay, the Alpha and Beta
parti.cles, lrere found to be our old
friends. Scientists were rell.eved to
discover that the beta partlcle eas just
a very energetic electron. Ttre alpha par-
ticle rJa6 just 2 protons and 2 neuErons
stuck together (a hellun nucleus). But
ttrese phenonena started people lhinking.
9lhat held the alonlc nucleus of Ehe alpha
particle (or ANy particle) together tn
the first place? Why hadn't the llke-
charged protons repulsed and blown the
nucleu! apart a long tiue ago? lilhy Easn't
EI/ERY atoE in a Einilar state of
radioactlve decay? The electrlcally dl-
Iuting effect of the neut.ron dldn't
adequately explain this. And shat about
that radloEctivlty Tazz? tlhat caused it?
Her did che process sork? lllth [ore er-
perlrents in radloactlvlty, particles were
observed eJected fron decaylng elenents
whi.ch dld not behave as the Quantu! fheory
said they should. When neutrons, Ehich
t,ere stabLe inside the ato!, erere reEoved
froE the nucleus they decayed lnto protons
and electrons in only 18 ninutes.
Ihe electron and proton toqether are about
1.5 electron naases lighter than the
neutron, so Ehls anount of Dass appeared
to be Lost in the decay, it lras equivalent
to sone 780,000 electron volts of energy.
fhls should have shorrn up as the klnetlc
energy of the decay products, but, 1n fact
lhe proton and electron seeEed rarely to
have so nuch energy. to account for this
dircrepancy there !,as no choice but to
assuDe that another particle, rrith zero
rest Dass (and alrost undetectable) alsopas forned ln the decay, and that lt
carried off the Disslng enerqry. Enrico
Ferni, who pursued the ldea. naled the
lnvlsible particle the neutrl.no. ( It
turned out to be an antlneuerino).

Quantun Dechanics also revolutlonlzed
the idea of "force". A force was no longer
considered as sone myst,erlous condltlon of
space, such as nagnetisn or graviey,
that acted in violatton of knoem facts "at
a dlstance" and instantaneously. Racher, a
force rraa seen to be [erely the lracro-
scopi.c effect seen when Eicroscoplc
(lndeed, A'foilIC) particles D(CHANGED otlrer
particl.es. Electricity and nagnetlsD were
lhe sinple result of the exchangre of
phoEon8. "qs people contenplated the 9,ork-
ings of the electronagnet,ic force. 1t
see,ued just as likely that, maybe there
Eere slnilar particLes tha! carried a
"nucLear force" that could hold protons
together against Ehei.r nutual electrical
repulsion inside the atonic nucleus. Such
a force poul,d have to be much stronger
than the electrical force hence the
nuclear force qas dubbed the " strong
force". The hypothetical particle that
carried the strong force was called pt.
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Slnil.arly, gravity ltse1f should arise
rrtren a quantuu of gravlty ls cxchanged:
the graviton. Okay, naybe thcy were
prollferatlng the so-called "elenentary
partlcles" a blt. And so tbat 1f !h1n9!
rreren't gulte so elegantly slnple as lt
had orlglnal,Iy been. It uasn't too bad,
a saall handful of partlcles that never-
theler8 accounted for EIIERYftiIXG ln thc
knorm univcr3e. Then, they really put
thelr foot ln it.

They startcd plcking at the nucleug of
of thc aton, agraln. fhl! tlD€ by t,etchlng
enerEetlc coltllc rays sraah headlong lnto
target plater and ceelng tf anytlring
happcncd. And 10 and behold, bits and
pleceE of ato[s r,ere flylng all over Chc
place! flny cub-atouXc Partlcles t'hat had
never been leen or even gruessed at, rJigh
different Daales and electrlc charge lrere
blasted fron thelr coufortable places
rrlthln the atoaic nucleus. None of lt nadc
senrc at all. tlherc dld al1 the Partlcle!
coue frou? By th. ei.ddle of lhe I95O's
physlclsts had a real !e!s on thelr hands.
over 50 sub-atoralc partlcles rrarc found
and no one lcnes hos they flt lnto thc
scheue of thlngs. lhey couldn't all bc
"elenentary". The crperl,nenters lr€re lray
ahead of th€ theorllts lrho ,ust wtren they
could co[e up r,itsh a schenG that cxplelned
a1] of the knorm p.rtlcle!, a new batch of
partlcles sould be dilcovercd shlctr
rrcckcd everything. It's lnterrrtlng to
read the Journal! and llterature frou
thesc years. Thc phystclsts lrere sur-
rounded by the detrltu! of thelr osrn
curloslty, end lrere alnost coripletely at a
losr for any etplanatlon. You can detect
ln these early artlcles a senae of frus-
tratlon and despalr. It's elnost sad.

Physicists reallzcd that they eere ln
the aare prcdica[ent that, the ],9th century
chenists pere in. Chernictry before 1900,
as Ee have seen, uar a DESiCRIPTIT'/E theory.
ft descrlbed hoe the elenents behaved; it
d1d not try to explain lrhy a particular
set of elenents, each with lts parttcular
propertles, exlsted" To anseer the
questlon '"!rhy", corpletely new sciences
Fere needed: atomlc and nuclear quantu[
physlcs. Looking backward, 1l is now
clear that the 1gth-century chemLsts rJere
right Co concentrate on Ehe "borr" and to
igrnore the 'why". fttey d1d not have the
Eoole tso begln to dlscuss intelligently
ttre reasons for the lndivlduallties of the
elelents. lhey had to spend a hundred
years buildlng up a good quantltative
descrLptl.ve theory before they could Eo
further. And the result of thelr labora,
the classlcal sclence of cheDlstry, waE
not destroyed or superseded by the Later
inslght that the Quantur lhcory gave. By
analogy. Eodern partlcJ.e phy8lc, 1r in the
sane aLtuatl,on. In the 1950's lt lraa re-
al1zed that t,hat uar needed was a working
descrlptlve theory and a qlaaslflcation
schene that could help sort out the
confualng Ju&ble of new parttcles. OnIy
tJtth the establlsh[ent of such a theory
could lre bc erpected to reactr a Eore cou-
plete underltandlng of ehe partlcles at a
deepcr level. fhe nuEerou! atterpts !o by-
paas the hLstorlcal process, and !o
lsrderstand Ehe partlclei on the barls of
generel prlnclples lrlthout t,aitlng for a
descrtptlve theory, lrere as unsuccessful
as they wera aEbltlou!" In fact, the Eore
anbltlous they eere, the Eore unsuccessful.
These atteDpts seeDed to be on a levelpith the faEous 19th century attetnpts to
explaln atons as "vorcicer ln ttte ether."

Drrlng the 50's and early 5O's Euch srork
sent into trying to cla3slfy and arrange
the knoem particles, whlch at thet tiDe
nunbered nearly a hundred, lnto groups of
EiDllar properties. the uaual categories

of quantu! proplrtler lncluded auch fanil-
lar onc! an lraas, charge and angular
spin noucntua. Unucurl propertlea rrere
notlced alrong the partlcles such as
llotoplc sptn and a net. qu.ntlty called
"ltrangcnesr'. SErangeners Har an ad hoc
quantlty used to explain lrhy cert&in
partlcles thlt were norual ln every way
took abnornally IonE tlEe! to dccay.
Enough p{rttcle! see[cd to share thls
pccullarlty that physlcist! beEan to
luspcct that perhaps thelr decay pas
i[peded because of thelr need to conlerve
soDe ne!, and dlfferent sub-atonic property
lhese "strange" partlcles lrere then fltted
tnto the clasll,f,ication schenes by pro-
vldlng that they conserved a property
called "strangeness". l,lo one knorrs rJhat
"strangeness" really 1s. But phystcists
know rhat it DOES: it's conservatlon as
an inportant quantun proPerty llPedes the
ottren tle norull decay of a certain class
of partlcles ("strange" ones).

As Eore and nore Particl,es were dis-
covered, the classlflcatlon schenes grew
lore and nore conplex. Eventually patterns
bcEan to energe. 9or instance, it was
notlced that l,hen particles lrere arranged
accordlng to thelr charEea, all of tbe
partlcler nade nice neat rowE except the
"ltrange" oneri all of lrhole patterns
could be lade to flt rerely by shlfting
the! to the rlght or left one or two
plece!. The displacenent of these
partlcles rean! that nature ls trying hard
to tell us coDetbing, but rriat lt ls lJe
slnpfy don't know yet.

l{urray Ge11-Hann and others ln the early
6O's began to notlce that phen particles
tlerr grouped by 2 dr.fferent quantitles
(called isotoplc spln and hypercharge!
clunpa or Eultlplets of partlcles formed
ln grroupa of L, 3, 8, and 10. Soneone dug
erourd rnd found ttret there g,as a type of
cJruretry-natlreDetlcs whlch predlcted the
laDe group of nuDbers. A type of
netheuatlcs called L1c Algegra (after
Sophur Lle) crac lnventad in lhe 19th cen-
tury th.t handlcd latrtcles and syuDecrles
very lrell. A special group of uatrlcies
called the Spcclal Unltary Group fhree
(SU(3)), rrhlch deEcrlbes the properties
of arrays 3 X 3, 9,es found to predict
nearly perfectly ttre sree nuDbcrs obcerved
a! pagterns ln the atoulc partlcle's
propertlcr. the loeect orders of SU(3)
are the nunbers I,3,8 and 10. lLanaElng a
3 X 3 array yield! 9 posslble order! buC
one ls a redundant order. thus yieldlng
e total of 8. Itre close relatlon of SU(3)
to the classlflcatlon of lhe Eub-atoElc
partlcles was Just too cloae to be colnci-
dental. A theory of particle classlfica-
Clon rar devlsed by Gell-Mann using SU(3)
called the "Elghtfold t{ay" because 1t
lnvolved the operat,lon of eight quantur
nuDber! or properties and also because lt
recalled an aplrorlsE attrlbuted !o Buddha:
the I Noble fruths that lead to enllghten-
ncnt. the unlfled synnetrleE of thts nes
classi,flcation schele predlcted the
cristence of ne!r, ag yet undlscovered,
partlcler that, were requlred to fiLl
ln soire of the "hol,es"" When the
partlcles sere actually discovered, it
proved that physiclrts l,ere on the right
track.

The nunerical basts of SU(3) is the
number 3. The nathenatlc! of SU(3) led
directly to the forEulatlon in 1964 by
Gell-l,tann of the "quark hypoehesis" in
which alL of the (then) known partlcles
could be accounted for by poslting lhat
they r,ere all nade of dlfferent conbln-
ations of ttrree baglc partlcles called
quarks (and their antl-quarks).
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cally taken

quark ldea, that atomlc partlcles
(l,lke protons and neutrons) are Dade of
sDaller particle!. however, does not Eerm
llke a partlcuLarly clever or lnnovati.ve
idea. It presents itself rather obviourly
even to sotueone who kn6r! vrry llttle
about 0uantuE th€ory. Xnocdng nothing
about the properties of atsour lt st11l
rrould be poaaible to contrlve all sortr of
"quark-Iike" schtneDes that Hould rore or
lesg erplain atoEic partlclec aE coD-
posites of st1ll snaller particles.
Indeed, Eany such sche[e! have been de-
vlced. nhat nakes Gell-Hann's Quark
hypothe!1s have erelght 1s that 1t ls Ehe
BID-RESULT of over 3 decade! of, palns-
taklng observeulon, experinent and
claa8tflcatton. lhe ldea that th.re are 3
types of quarks could easl.Iy }rave been
pollted as carly as 1940, but there would
have been no way to prove or dllprove lt
against any nunb.r of otlr€r colpetlnqr
theorlea. In 1964 enot4rh sras deduced, of
the syanetrl,ea presentcd by thc nearly
100 suD-atonlc partlcles then knosm to be
able to foruulate an underlyl.ng !y!te! of
structure t,lth a realona.bl,e dcgree of
conf ldence.

Before a descrtptlon of the quark theory
can be tradc 1n full, it t! nccelsary to
brlefly sutrDartze thc nerr body of noDen-
cleture that phyllclctr ovcr tbc Last fert
decadcs have been u!1n9.

IE is rrcogmlzed that thcre axtsti four
baglc forces ln nature. In order fro! the
ltrongest to thc l'eakest (at quantua
dl5tanccs anfray) they are: itre strong
force, the electrotlagmetlc force, the weak
force, and gravity. The 3trong force has
a very lhort range (on1y about the size of
a neutron) and is the force that holds the
atonlc nucleus togcther agalnlt clcctrlcal
repulston. Tt.re el€ctroaagmctLc forc. has
an unllnlted range (that fal.ls off as the
dlrtance is sguared). The clectroragnctic
force is rrhat bind! elcctron! !r1th protons
in the ato[. Ttre eeak force llso has a
short range, llke the strong force. Its
effects are oost noted in certaln types of
radl,oactlve decay such as bcta drcay. And
flnalIy, thcre er1st3 thc Aravltatlonalforce whlch l,lke the elcctrollagmctlc force
has an unlhlted range. At short range,
at the lcale of quantur effectr, the force
of gravr.ty is absurdly ereak and can be
tEnored in nany lnstances.

Of course, as noted earl1er, ln quantun
nechanics lhere are no such Ching! a6
forces mysteriously acting at a dlstance
1n the classic sense. Itre effect! lhat se
ascribe as being those of a "force" are
really the actions of pa.rticles. the
strong nuclear force l.s actually an ex-
change of partlcles (qrith s[all rass)
called pions. TIle enission or absorptlon
of a pion by a nucleon such as a proton or
neutron takes place in soDe 10-23 seconcls,
whlch ls the characterlstlc tlme 6cale of
the sLrong lnteractions.

As Dentioned earller, the strong force
ha,c a short ranget lts effects extend only
about 10-13 cE. or approxi&ately tbe
dianeter of a neutron. Ifhen tlro partlcleg
that feel the strong force approach to
wlthin thlc dlstance, the probabllity is
very hlEh that they wLll interact, that is,
thcy wlll elther be deflected or Chey rr1ll
produce other particles. In contrast,partlcl,es that lnteract Qlectroragnetl-
cally are 10,000 tiEes less 1lkeIy to
interact under the gaEe circunstances. If
!trongly interactLng partlcle! pass eactr
other at ne.rly the speed of l1ght (as
they do Ln partlcle acceleratora) then
thcy Eust interact durlng the l0-zi
lecond they are g,lthln rangc of cach other.

If they fail to intcract sithln thls tlne
scale, thgre can bc no strong lnteractlona.
As the passing partlcle! separate, other
forces less strong but longer ranged than
the rtrong force riay be felt, such as
electronagnetisar.

El,ectroaagrnetlsr ls ledlated by a Dass-
lesg entlty, call.ad the photon. The
electroEagnetlc process lc aSout 137 tltres
sloorer than the rtrong nuclear process. If
ttJo charged particles separated by a large
dlstance fall to interact even by the
electroragnetl.c force, lt ls unlikely that
they wiJ,l interact at all vla ANY
force save gravlly, the effects of whlch,
of course, only becole apparent at Eacro-
scoptc dlltances and are vanllhingly straII
at an atonic 6cale.

nhat about the t,eak force? The problen
here 1s that lhe range of Ehc Beak force
ls even less than that of the strong force
by a factor of about I00. Tvo particles
Eult approach to rrithLn 10-t5 centlneter
1n order to feel the weak force, and even
at that short range the probability that
they rl111 lnteract is less than one tn I0r3
Tlrus, ln ordcr to lnteract vla the t,eak
force, particles nust (nornally) be lnnune
to the strong force, shose effectss gend to
sg7anp the lreak force long before particles
are able Lo approach close enougrh for ttre
lreak lnteractlons to take place. (some
partlcles can tnteract weakly even though
they feel the strong force. They srlll be
dlscussed later ) . The tJeak tnteractlons,
lrhen they do occur, are transilltted by
partlcles with nass called W particles.
fhe rreak force is weaker than the strongr
force by a factor of about ]0-l+ , il is
a hundred thousand billion times peaker
than the strong lnteraction.

At nacroscoplc digtances, the effects ofr-he already Dentioned forces get dras-
tically lreaker leaving the gravlt,atlonal
force as the only noticabl.e force
operating at long range. Itrat is why the
Iarge Dacroscopic events obaerved by
astrononers are donlnated by this force.
Gravlty ls oedlated by the naasless
gravtton. ltre tltre scale for partlcle-
lnteractlons vta the gravitatlonal force
is not knosr r,lth certalnty but 1s
thouqht to be nuch aloser than the weak
forc€.

Ttrc unllnlted range aspect of the
electronagnetlc and gravltatlonal forces
are attrlbutable to the DaEslessness of
thelr reapectlve partlcle carrtersi the
photon and the gravtton. Conversely, the
liulted rangeg of the strong and weak
forces gteu fron the Eeaauralle nasses of
thelr carri.ers; the plon and the ,l
partlcle. At present all of these partl-
cles ercept the graviton have been
dlscovered.

Su.b-atotolc partlcl,er are grouped into
"fanllles" accordJ.ng tso the forces that
they feel and do not feel. The two
fanllies are: the Hadrons and the Leptons.
tl,adrons ( f rotl the Greek tJord 'hadroc'
treanlng "strong") are part,lcles thaC are
affected by several dlfferent forces,
but aLl conraonly feel the strong nuclear
forcc. Hadrons lnclude (aEong nany other
parttcles) the protons and the neutrons,
both of shich are cotnmonly found inside
the nucl,ci of aCons, shere the strong
force lE prevalent. Leptons. on the other
hand, are particl.es that do Not feel the
strong force, but CAN feel the lreak force
(or electror0agnetlsr0 or both). Both
tradrons and ]eptons trave sone particles
that feel the electronagnetlc force and
soEe fhat do not. For i.nstance. the
neutron (a lEdron) 1s electrically neutsral
unlike 1ts counterpart the proton shich ls
a hadron g,ith posit,lve clBrge. Neverthe-
]esa, they both feel the strong foree, and

Flnneqan' s
ter Mark! "
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ttrat alone i! lJhat, nakes tlteE hadrons. Itre
electron (a lepton) hae a negative charge
Hhereas 1t! lepton-colleague. the neutrlno
has no electrlc charge. Desplte these
electrical diff,erenceE, electrons and
neutrtnor share the co[non property of
belng iDrune to the Etrong force. That
alone ls tJhy they are NOt hadrons, but
leptons. ALL partlcles, hadrons and
leptons aI1ke, feel the gravltational
force. fn elsence, the dlfference betseen
the Hadronr and Lepton6 steDs fron erhether
or not they feel the Btronq force.

lhere are at present altrost 200 knorm
tradrons but only tl knordt leptons. Ihl!
great dlscrepancy ln thc hunbers of partl-
cles belonglng to the tr:o faullles traa not
becn overlooked by physlclst!. It has
alpaya been THE tash to erplaln the graat
nulbers of hadron6. Ihc quark theory 1s
deslgmed only to work for hadrons, irhlch
arc couposltea of querks. The leptons are
not dercrlbed ln quark theory bGcause lt
appear5 that all of the leptons atre
fundalental, eletrentary partl,cles already.
All experlDent! perforued Co date revcal
that lepton! behave er potnt-llke rntiEler,
and unllke the hadroas, they erhlbit no
bchavlor tturt sould lndlcate th.t thcy
have any lnternrl ltructure LrlratloevGr.
Hor, teptons and quarks are related 1s not
well, understood. But then e good theory
that llnkr tlrc tro pa.rticle fat!11.1e3 1!
devlled, lt rrill be a laror br.akthrough.

There 1s another clagc of, partlcler thae
contalns only one uenber; thc photon. Ite
photon fecls UO forces ercept qravltatlon
and ls thur ln a clacs all Dy ltself. r}re
gravlton theoretlcalLy feels no forces Al
ALL, not even gravltatlon. That 1s why
gravitons have been so hard to detect"

In quark theory, ere are concerned pri-
rarll,y with the hadrons. Ae I'r lure you
rrere suspectl.ng, the hadrons are broken
lnto sub-faEtlies (but onLy two)" Hadrons
conslst of tbe Baryons, ehlch areqenerally the nost llas!1ve of the knosn
sub-atoDic partlcles, and the Hesons,
rrtrtch nostly have Eedlu[ aass (hence the
terD 'ne"-sons) but. are st1l1 nuch Eore
na.calve than leptons. Protona and neutrons
arc exanples of baryons, Etrl1e the pions(the carrLers of tha ltrong force) are
exaEple! of lerons. (SoDetlDes, plons are
called "pi-recons"). As Eentloned, there
are hundrrd! of dlffcrent baryons and
Eeron! knorcn at present, and thcre ls
every tndlcatlon that nany nore will yet
be dlrcovered.

Ttre baryone and the tresona are dlfferent
because of the g,ay thelr constltuent
quarks are assetrbled. Baryons are colpolred
of II{REE querks. (An anti-baryon such as
an anti-proton ls tlade of 3 antl-quarks),
Hesons are couposed of T}O quarks: a
a quark and an antl-quark.

Slnce lt has been brought up, 1t ls
probably a good ldea to Dentton sonething
about antl-natter. lfe ell know shat it ts:
lts the stuff that rekec the U.5.5.
&rterprise's Barp enElne! lrork! But lrhere
dld the idea of "antL-natter" cone fron?

In 1930, P.A.H. Dlrac devlsed a relativ-
tstlc theory drlcrtbtng the behavior of
those quantuta particle! that obay the
D.cluslon Prj.nciple. Reuerber ghat the
exclurlon rul€ prevcnt! tlro electrons from
havlng the exaet letae quentu! nunber! and
the sere enerEy. The baryons, but not
the nesonr, obey the exclusion rule. the
partlcle! that DO behavc accordlnq to the
ercluslon rule lrave quantur splns 1n unlts
of ll2 (don't uorry about l,hat l,/2 !Gan!)
and ara analyzed accordlng to r-hat are
knoLrn a. FerEt-Dlrac atatlstics and are
called fernlons (protons, electron! etc.).
The pertlcler that DO t{Of follos the er-
clusion rule (they have Eptn ln lnteger
unlt! of I) ar! dcscrlbed, by Bosc-Elnatel.n
rtatlstlcs arrd, are therefore called Bosons
(1.c. neconc, H partlcles). Unllke ferul-
ons, :rny nuubcr of boson6 can occupy the
!!,tre eneriry state.

In Dlrac's theory for PERHIOT{S (par-
tlcLer t tth splns of Llzr, hc lras puzzled
by solutlon! to the quantu! equatlons thrt
lndlcated negatlve cnerEy state!. The
ncgatlve! arosc fron the space-ttue !y[-
letry of Speclal Rclat,lvity and could not
be lgnored. The negative energry levels
ertended dorfisard, without llalt, ululclng
!,n !1rror luages the positive energy
1evels of the atot!'s e],ectron shells.
Dlrec reasoned that thl! Eeant that the
ulrJal ground statc ot, say a hydrogen
ator, (an el,ectron i.n the lo$rst energy
!he11) rlas not real1y a "Eround" stage at
all, but rra! polred over a botto[less well
of negetl,ve ltatca. Ihere seered no reason
t,hy el,ectrona lhould not contlnue to drop
lnto these lorrcr rtatea. Dlrac
ar5ured, thercfore, that ihesc negatlve
enerEy levcLs nust be f1lled AIREADY.
Hence, the ercluslon rule eroul,d prevent
electron! frou fal,Ilng lnto then. the
nagattve cnergy stataa pere llkc an
invlslble. lnflnlte sea.

Though dosrff ard translstlona are forbid-den ln this circulltance (by exclusion),
nothlng chould prevent UP!{ARDS transitiongof particles froe this negative "sea,. lntothe norllal positlve atatci (proepted, ofcourse, by Juct the rlght arount ofenergy-quanta). Such a sudden upwardtransition should be aeen, Dlrac reasined,aa the sudden appearance of an eLectronBhere none had been before. If an electron
il -t!" negatlve sea lrere fnviciUle, ihe"hole" Lt left behlnd srhen 1t Jurp"OuFrard! lrust then be VISIBLE; the a6seice
9f -ln _ lnvlslblc negat,ive energy particieeould be the equlvalent of -i -vislble
poEltive energy partlcle. thus, theaPPearance of a neEly created electron
HIIST- be- accoupanled by a "hole"; a posl_tlvely charged partlcle lrtth the sane Darsas the electron: a poattron. ThoughDlrac'! reasoning proccra tra! hard €oreconcl,lc lrlth an actual nechanlln, 1tnevcrthelesa hed predlctlve polrer. posl-
trons were eventuaLly dlsc6vered. LatirDathe[atlcal treatDent of thls cor.lceDtreloved thr linltatlon of ercluslon a;rd
sholred that lndeed ALL partlcles uust havithetr counterparts tn the for! of antl-particle!. Hore concisely stated, ananti-partlcle 1r a particie tfrat his aif

Two protons exchange pi-nesons, creatlng t,he
strong nuclear force. The pi-mesons forn a
cloud around the protons.
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of 1t! quantrx! nu!.berr or propertle!
rcvcrsed. In thl! I,ey a partlcle lrlth
chtrge +I lra8 an antlpartlcle of clErge
-1. An electron has a property cal,led
Lepton lfunber whlch 1! +1. An angl-
elcctron (posltron) has a lepton nulber of
-I. For couparlson, a proton (whlch ls a
hadron) hrs a lepton nunber of 0. rlhcn
partlcle! and thelr angipartlcles Eeet.
all of thelr quantls nurbcrs cancel to
produce zeroc!. In other $ordr, the
particlea are entlrely annlhllatcd
produclng in their ltead a flood of enerlry
(shlch in the case of electron-pocitron
ennlhilatlon are very anergatic photons,
gauan rays). By alr8oetrlcal reasonlnE,
thc annlhilatlon procer! chould alco run
bacl&rards. A bunch of gantra rays .hould
be able to CREATE palr! of pertlcle3 and
antlpartlcler. Thl! lntereltlng ev.nt har,
in fact, been obs€rved.

Thls businers of quantuu nunber! necds
ao[c clarlfi.catlon also. ouantuo nurbers
repr.sent the very PROPEFEIES of atonlc
parttcle!. A partlcle t,lth a 3et of
qta,ntuD nu[bers cannot lose or change lts
quantun nu!.bers lrlthout vlolatlng conscr-
vatlon laws. A lepton, for Lnrtance,
alrray3 conserv€s lts Lepton lfurber no
ruatter lrhat else happens to lt. (Unlecs,
of course, it is t,otally annihilated r,hlch
cancels its Lepton llunber to zero). If
Lepton llurdber could be spontaneously
changeA, 1t pould be po8llble to convert a
Iepton directly lnto a baryon or vlce
verga. Such events are not observed
becauae apparently there partlcles con-
serve thelr respectlve lepton-ness and
baryon-ness. A1l, of the other quantun
nurabers (up Lo 8 of theE, tJork lhe sarne
!ray. Qr,Entu! nunber! lust be conserved
Just llke EoDentua and enerlfy [ust be
conaerved wtrenever tlro partlcles tnteract,
It's uh€n particler lnteract and appear to
VIOLATE a certaln conservatlon law Ehat
physicilts Euspect perhaps an even nore
fundalental conservation factor to be atpork. Instances of conservation "vio-
Iat1on" do Duch to shed light on hos
quantu! trcchanlcs Forks.

lake, for lnstance, the case of the
annlhllatlon of an electron end an antl-
electron (a posltron). Sclentlsts have
alot of fun studylng thcre obrects. Ihey
arc not content to Just let tt,o lazy, slor
roovlng clactrons and posltrons Bort-of
annlhLlate eachother. Nooooool lhe
sclcntlsta flrst accelerate the partlcles
up to lncredlbly fa3t speeds and then
srash theE into eachothcr. A devlcc called
a partlcle lEorage ring can accelrrate en
electron and a posltron up to tell r,lthln
99t the speed of l1ght. Because of rela-
tlvlty effects, these object! becoEe Duch
Eorc trasal.ve near the rpeed of ltght than
!.aren ttrey are at rcst. l{hen the parttcles
collide and annihllate eachothcr, the
kinetlc ener!ry of thelr coI11sl.on ,.s
addttlonally avallabLe ln thc lnteractlon
for the creati.on of nes particle!. Hot?
AccordinE to E-nc2 energy can be converted
lnto uass. It takes afot of colllsl.on
energlr, uilllons of electron voJ,ts, Justto rake even one cnall nass partlcle llke
a [eson. How doea thi! reactl,on actually
!,ork at the atotric ccalc? The lechanLsE
for it 1! provlded for by r,hat is called I
'v1rtual" process, nedtated by "vlrtual"
partl.cle!.

Htrat happens erhen r,c colllde and anni-
h1late an electron and a posllron wl.th a
coDblned enerqry of a few billlon electron
volts? Because the particlet are leptons
they do not feel the strong force, and at
the energies studied so far the l,eak
lntcractlons are feeble enough to be
neglected. The particlec are electrically
charged, hoEever. so that they do feel the

electroulgnetlc force, and lhe energy
produced by their Dutual annihllation ls
(to a very good approxhatlon) entlrely
electroEAgnetic. In other q?ord.s, the
electron and the positron annihil.ate each
other, cancelllng their el.ectric cllarges
and lepton nunber!, to produce a very
energetlc photon (a gaaea ray).

The photon erltted ls not, hoeever,
a "real" photon such aE those that are
obierved in nature as the quanta of elec-
trolegnetic energy. It cannot be real
becaure tt haB the rrrong proportLons of
energy and loDentun, guantltr,es that lust
be conserved ln all tnteractlons. For the
ptroton, t,hlch ha! no Eaas and erhich
travels at the sp€ed of light, the
relatlon of DonentuE to energy Ls con-
stant: tha roEcntu! ls a f,ired fractlon of
the energy, equal to the energy dlvlded by
e. lhis energ'y loaentur relatlon cannot be
rcconcLlcd elth thc energry and Eorentur of
th€ coll1dlng partlcler. In a rtorage
rlng, thc elcctron and poattron oove t,lth
equal enGrgy but oppollte loEentu! (they
are collldlnE IEAD ON), and Che rtate
forucd Dy th.1r annlhlletlon nust there-
forc have largc enerqy but zero loDentu!.
A photon cannot have that co!.bintatlon of
propertlcr.

One posliblc reaolutlon of thls dilenna
1r for the ennlhllatlon to produce T!{O
photons thrt bave equal but opposlte
!o!cnta, thereby satlsfylng the condltlons
that thc !ut[ of the troEenta of, tbe
product! be zrro. Ihl,s reactlon does 1n
fact trkc placc, and [easure[ent of 1t ls
of lajor i.nterest. Generally, however,
the annlhllatton process generates as ferJ
photons ar tt poraibly can. tlre proba-
blllt, that en clectron or a posttron w111
lntcract lrlth or produce a !1ngle photon
is leagured by one of the great,
lylterlour constants found ln nature; a
dLDensionleBs nuuber caLl,ed the flne-
structure constant, equal to aboue 1/137.
For each addltlonal photon the probablllty
ls reduced by a hlgher power of Lhe saDe
factor.

The !o!t 11k6ly outcone of ttre annihll-
atton ls thcrefore thc crcatlon of a
single photon. Ar te have seen, hoerever.
lt cannot be a real. parllcIe, lt ts called
a "vlrtu&l" photon, and 1ts Eost lnportent
clraracterlstic ig that 1t can never be
obscrved; it can never eEerge frou the
reactlon as a nornal radlatlon-type quanta.
Ihe vlrtual photon serve! nerely as a
coupllng between the lnitlal electron-
posltron palr havlng zero tota.I Eomentum
and soltre rubsequent enscE-ble of partlcles
that rnust also have zero total nouentuD.

The virtual photon i! not Just a nathe-
natlcal convenlence. Lt ls rea1. It can
never be observed because 1ts Llfetile is
brlefer than the llnit nalntalned by lhe
Uncertalnty Princlple. Concervatlon laws
apply only to the uacroscoplc events
thac can ACIUALLY BE OBSERVED ln nature;
observatlons ehi.ch are Dade ABOVE ghe
Ievel of quantu! uncertalntf. Descrlblng
events BElIEAttl the level of uncertalnty ls
like trying to descrlbe what happens
lnside Eherevent horlzon of a black hole,
or ansuerlng the questlon: "hoqr high ls
the sky?" lhe conservation l,aws of
lonentr.rD and lnertia (and anythlng elle
for that Datter) can be vlolated all over
thc place as long as it happens at a level
belorr the threlhold of uncertalnty 1n
guantur trechanics. Any event ABOVE the
threEhold of the uncertainty. prlnclple
could actually be obcerved, ln prlnclple,
and poul,d therefore hrve to obey all
of the knoEn conlervatton lawg (as all
procesaea obscrved so far, ln fact. do).
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In the care of electron-poaltron an-

nlhilatlon, the vtrtuel photon
na,terlall,zec ln less than 10'6 lecond
lnto partlcks ttlth tbe corrcct
coqbinatlon of energry and roncntu[. lhlr
tl.ne scalc 1s uore flcetlng than thc
uncertainty 1,1!1t by a factor of around
10o and l! the realon why th€ vtrtual
photon can actually vloletc (telPorarllyl
tlre 1a!, of concervatlon of [ouentrx.

e+

vlrtual
photon

e'

Electrons and posltrons can annihilate each-
other Co forn a virtual photon. The photon
then decays into particles that conserve the
sane monentum as the origlnal partlcles.

tlhen the vl,rtual Photon decays, sevcral
klnds of Partlcles can be created out of
the avallabl€ free energy. At tbe energl'er
Lnveltlgated so far, palrs of €lectrong
and. poiltrons, Palr! of tuuons and antl-
nuons (I€Pton!), and €ven hadronr trave all
been obrcrvcd"

The idea of the vlrtuel Prrtlcle 1r very
hportant, because ln the quark theory
seieral lnteractlons end Dany quark
'forcer" occur belo!, tlrc rDcertainty lcvcl'
these forces and lntcrectl'ong are repre-
sented. ar an erchange of vlrtual Partlcfcr'

And not, for the querk gheory ltrelf'
originally, GeIl-Mann Propoled 3 different
typ6s of Quarks which in arrangeEents wtth
tlluselvei and ttreir 3 antl-guarks, rade
up all of the hadronl knoltn at the ttrc.
fire threc guarks lrere arbltrarily naacd!
u, d and g (for uP, dorrrr and sideway3)'
A baryon l,s uade of 3 quarka. An antt-
baryon lE nade of 3 antl-quarks' A Eeton
is Dade of 2 quarks: a quark and an antl-
guark" ouarks, 11ke the Partlcles they
ionpose, are asslgned quantun nuubera'
All of thetr have sPin angular tlo[entuu
of Llz, fot erauple, and beryon nunbcr of
l,t3- ObvlouEly. in a baryon the three
conatltuent guarks add up their baryon
nunbers to Produce a total baryon nu[ber
of I for ttre baryon as a erhole. Of the
orlglnal trlPlet of guarks propoaed by
celi-Mann the u quark hac a chargc of
+213 rrh11e the d and s quarks each lrave a
charqe of -Il3. ( Angl-querks. of courle.

have the opposite quant\ra nuDbers.) Accor-
ding to thcsc aralgnuents. the baryon!,
being Eade up of three quarks, roust hrve
a half-tntegral spin, a baryon nuaber of
+1 and a charge of +2, +1, 0 or -1. ttre
uesons, ar eqgregate! of a quark and an
antl-quark, uust have rn lntegral spln,
a baryon nuEbcr of 0 and r ctrerge of +1, 0
or -1. A proton Ic therefore nothlng
other than the corDtnatlon ot tlro up
qriark! and a dolrrt querk. A neutron 1r
coDpolcd of one up quark and Bt,o dolJtr
querkr. A pl-neson la couposed of an up
guark and an antl-dotrn quark. In each of
thelc care!, aLl of thr quark propertlc!
add up to produce the properttes of each
corpollte hadron.

A BARYON

(ProEon)

A MESON
(Pion)

\
I

\2

Thls lngenioua achenB neatJ'y accounted
for all, the Partlclc! that had becn
obrerved when 1t was proposcd, and lt soon
proved ltr predlctlve Polrcr by Postulattng
unkno![r parti.cles that l,ere Prouptly
dlscover€d. It contalned a decPly
d.lsturblng pecullarlty, hoQeveri thc
quarki wcre requlred to bc partlcles rrlth
a half-1ntegraI sptn but Chey d1d not
behave ar such partlcles t'.re expected to.

As Dentloned before, all observed partt-
clec t ith a spln of Ll2 obcy the ercluslon
rule, lrtrlch deDands th.'t no elro be ln
an identlcal state. Partlcle! rltth
i.ntegral spin (Bose-Elnateln statlstlcs)
such as the Eesons and thc Photon, are not
affected by the excluslon PrlnclPle. !he
quarks lndivldually, hoHever. Porsess lPln
of l/2 and therefore MUST obey lhe Ferlll-
Dirac rtatlEtlcs and ablde bY thc
E<cluslon Prlnclple. Quarkr seeu to

ANTI
DOI,'N

DOWN
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vlolete these rulea. If thrce quark! Drke
up a baryon, they lust ALL be tn the 3anc
energry state, which is iapocalblc 1f ?he
quarks obcy the exclullon rulc. Tlro can be
ln the !a[e gtate 1f th.tr sPlns allgn tn
oPPoslte dircctlonr (as electrons can do
ln their energy 5he11s). But there i3 no
lray to fit three quarks into one atate.
This probleu can be resolved, fortunately.
All that ls necelgary to lake then conforlB
to the erclualon rule ls Eo endow then
wi.th a ne!, quantun nulber havlng three
posllble values, so that the three quarks
bound together ln a baryon, although
ldentical ln all, other propertles, can
aliffer ln this neL, one. fiie new Property
is called C0L0R, although lt has nothi.ng
to do wlth vilion or ttre col,or of objects
ln the nacroscopic !,orldi ln this context
color ls ilerely a label for a property
that expands the origlnal ensenble of
three quarka to nlne- Each quark of the
origlnal trlplet can appear ln any of
three colors. fhe conventlon 1c to use
thc addltive prllary col,ors. thuE. qr,ErkB
coDe in colors of red, green or b1ue. A
baryon ls colposed of three quarks all
t'tth dlfferent colorc, !o that the color-
total 1! ertlte or 'colorless". A ueaon ls
coupoaed of a quark and an antl-quark of
the SAHE color, but only one norlally-
colored l:hilc the other antl-colored !o
that tbei,r colorg canccl out to produce
shlte or no color. The fact thrt
no "colorful" natter has been observed
llplles that quarks MIrSf group CheEselvcs
1n eaya that nake thelr colors cancel or
add up to rhlte. Such a process ls un-
oblrrva.bl,c becauae lt occurs at a tlne
scalc beloe the quantun uncertalnty leveI.
Therefore tJe can ncver knot' exactly I{HIC}I
guark ln a beryon trlplet or a Eelon
doublee has exactly llHAl color; we can
only alsure that any indlvidual quark has
a I ln 3 chance of havlng a PARTICT LAR
color. Quarks are constantly E{CHAIIICING
color ln a "virtual" procers that occurs
beloc, the level of uncertaLnty.

ThiB ldea of the quarks bound together,
erchanglng colors, inuedlately suggests an
erplanatlon for the strong nuclear force.
The stronE nuclear force ls only a d1u
Eanlfestatlon arislng fron the exchange of
quark col,ors. the "color force" that glues
thc quarks Eogether ls transDitted by a
"vlrtuaI" partlcle not-too-cleverly caLled
a 'gluon". ftre lathenatlcs shous lhat any
nurber of Eluons can occupy the saae state
and are thu! not ferulons but boson!.

Wlth quark color!, t,e nolr have a partlal
rgrderstandlng of 9iHY it tc difficult (and
theoretlcally lEpo!slb1e) to ever observe
a quark in lsolatl.on. Experlnents have
becn undertaken ehlch try to seperate
quarka froE hadron! by subjecclng then co
high energies in an effort to llberate the
quarks. A11 that is observed le that a
shoper of norEal nesons is produced, not
an lsolated quark. lthy thls happens is due
to the nature of the color force ltself.
The color force cannot be descrtbed as
easlly as th€ elecronagnetic force. In
electromagmetistr the "force" is described
by only one quantua nuEber, electrlc
charqe, and ts carrled by only one partl-
cle, the photon. this yields a shple
natheuatlcal relation rhich produces the
characterlstlc electrlc-f1€ld that di-
ri.nlshes with the square of the distance.
Hoqrcver, quark colors are [atheDatically
def lned by 1'!^lO quantun nurnbers call,ed
color isotopic spln and color hype.rcharge,
both of ehich are Ewo varieclec of "col,or
charge. " fhece two quantl.tie! are nece!-
sary to explaln why you can have Tlilo
colors (quark-color and qtrark-antLcolorl
bound together end have Just as easily
rHREE colorB bound together (quarkrrd,

guarkblue, quarkqreen). Thc ultlrate
upahot of the trro 'color chargeE' 1s that
you get not Jurt one typG of color "gluon"
but nlne (actually elEht, because one
gluon 1! redundant). In the l[atheEatlcs
of dralLng trlth T?{0 quantuu nurbcrs, lt
turn! out tshat thc quanta CARRYIT{G th.
'force f1cld" cen cEl{mATE a "force field'
of lts crrr. If you thlnk about it, Lhen,
you !r1I1 get e force flcld thA't actually
get! SIROIIGER t'lth d1ltance, not Eeaker!
fhl! happens becauce each fleld-quanta
gtve! rlse to evea lore fleld-quanta.
It aplrears th.t the gluons create Just
thl! typ! of a "force fle1d".

A kind of fleld that I!{CRELSES r,tth
dlstance !cer! to contradlct an lntultive
aenrc of horl nattcr ought to behave.
Quantun ueclranicl hac contradicled
intultton before, and Eade no apologgr for
lt. Holrcver. the ldea of a force that
get! stronger t'lth dlatance is easLly
vlsualizcd. ;Iust thlnk of tlro balls con-
nected !,lth e rubber band. If the balls
are close cogether, the rubber band ls
slack and has no encrgy. But tf you pull
thc balls apart, suddenly the rubber band
g€t! stretched and crles to pu1] the ball!
back together. You have here an analoqy
ln shlch tbe rtrbber band represents a
force bctlreen trJo obJccts that INCREASES
rrlth dlltance. Ille further you try to
separate the tlro balls, the stronger ttretr
"attractlon" becoEe!. Ttre quarks are
"91u!d" together ln the rane klnd of way.
As you try to separatse the quarks, thelr
nutual color attractton Just gets
stronger, not rreaker. Tl.Ie color force nay,
indeed. becoue inflnlte t,lth increa6ing
dlEtance or lt nay eventually drop off.
No one's rure. Elther way, it pould take
huge aEounes of energy to separate Ehe
quarks, tf not an inflnite atrount. If you
apply energy 1n trylng to aeparate a quark
frou other quarks, lonE before you achieve
the energry needed to free the quark you
reach a point trhere the cnergy applled 1sjust enough to create a quark and an anti-quark palr. Tte newly created quark
replaces Che one extracted, and the antl-quark blnds to the dlsplaced quark,
foruing a leson. Itre result is that a

1

,\t\\

2

.\-
\\' 4

1. Energy is applied Co a baryon.
2. The energy tries to separate a quark.
3. A quark/antiquark pair is created.
4. A new meson is the result. not, a free quark.

o



U. LOWBROWS PAGE 11

qtrark ls reroved froE the hadron but 1g
not set frea; all pe can observe ls the
creation of a Eeron. In short, if you try
to free a guerk, aII you get ls a Eeson
for your trouble. Thls ls exaclly what
ha! been obscrved 1n accelerators.

Iillth th€ addlt{on of color, other quark
propcrties began to Dake 3en!e. It sas
elso found that lf the s (lLderrayc) quark
$aa assumed to lnstead carry the guantity
called 'strangeness" (recall that strange
partlcl€! had abnorsally long l1fe sPans),
other slmretrlea fron thr SU(3) Eroups
could bc related. "Strangenec!" i! rePre-
sented by the nuDbcrs -2, -L, 0 or +1 and
ls also equal to tltlce the average charge
(the sun of the charges ln an 5U(3) grouP

dlvlded by the number of particle renberg
1n the group) Elnus the baryon nurB.ber.
By thls contrlvance stsrangeness sag uade
to vanllh for all of the hadrons cxcept
the strange oner.

An analysis of experlDents perforled ln
accelerators Lnvolvlng certain "strange,,perttcles produced Eore violattons (again)
ln conservlng "strangeness". Another
quantlty tlas lnvented called "charn"(ehich needed to be conserved) and
accounted for the observed anonaly.
[\:rther g,ork on the "charn" hypothesis
predlcted several typ.s of partlcle lnter-
actions that have slnce been observed,
thus ceDenttng the role of char! in quark
lnteract,lons.

TABLE OF SUARK PROPEBTIES

Quark Spin Electric Baryon Strange-
types charge number ness

u (up) L/2 +2/3 +l/3 0

d (down) l/2. -l/3 +l/3 0

s (strange\ L/2 -L/3 +l/3 -1

c (charmed) l/2 +2/3 +l/3 0

U (antiup) ll2 -2/3 -1l3 0

a (antidown ) ]-t} +L/3 -l/3 0

E' (antistrange) L/2 +lt3 -L/3 +1

E (anticharmed) L/2 -2/3 -7/3 0

Charm

0

0

0

+1

0

0

0

-t

r!\ \
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So, at prerent ue have a falrly good
ldea of hoe, hadrons are conatltuted vla
the quark theory. Quarks coEe tn four
"flavors": up, doen, ltrange, and clram
and are "glued" together by an erclrange of
"colors": red, green and blue. It is
undersEood that the strong force arlses
froD an crchange of quark col,orr, lrhlle
conlerving the quark "flavors". In t,eak
interactiona, such as beca decay, r,e
obrerve neutrons decaying lnto protonr,
electrons and anti-neutrlnos, a nlce
Dixture of hadron! and leptona. In quark
theory, changlng a neutron lnto a procon
tnvolves changlng the arrangenent of the
neutron's quarks (uP,dorfi;doEn) into those
of 'a proton'9 (up,uP.dotm): ln essence a
change of quark "f1avor3". fhus, unllke
the scrong color force which CONSERVES
flavors, the weak force aeera go involve a
CHANGE of quark flavors. Beta decay, for
eranple, ls lnterpreted as the eElsslon
of a H partlcle ( the guanta of the Eeak
force) by a doLtn quark, t,hlch converts Ehe
quark into an upi the H then decays to
y1eld the electron and anti-neutrino.
Fro! this process lt follolt ehat the E can
allo lnteract tJlth leptona, thus provldlng
a Ilnk betlrecn lhe two Eroups of ele[ent-
ary Partlctes: the quarkc and leptons.

the rcallzatlon that the strong, qreak

and clectronagnetic forcec are all carrtad
by lhe satre klad of Part1c1e, boson! lrlth
a spln of 1, lnvltes splculatlon Bhat all
thr€e llght have a con[on basls 1n cole
sluple untfl.d thcory. Through the wcek
and electroBagnetic lntcractlont, quarks
and leptons are related. lhese lnterac-
ttonr the four lePton! and
dlstlngullh bctreen thc four quark flavorr.
the H partlcle can tnduce one kind of
lepton, tlle neutrlno, go becole a [uon (a
dlffcrent lepton). SlBll&rly, the r{ can
convert one klnd of bi.dron, a u quark,
lnto another k1nd, a d quark; it can alco
lnfluencr the u querk to becoEc an s quark
In rare 'strange" and " charDed' lnter-,
acclonc. The relatlons betsrcen the
dlfferent forces are ltartlng to becole
clear, but [ore eork is ltill needed. At
present, a natheEAtlcal thcory based on
!,hat ls called "guage syDnetry" and "locaI
slmnetry breaklng" has unlfied the 6trong,
the rJeak and the elcctrouagmetlc force
lnto one kind of super force. Gravlfy
st1ll 1! the hold-out and cec[s to reslrt
lost attelpts to connect it r,lth the othrr
three forceg, although rany PeoPle are
g,orklng on the problen.

IE would be lncorrect to glve Ehe
iEpresslon tlEt the querk nodcl solves
evrrything and that it rePrelents a flnal
nnifLca?ion of atorlc Physlca. Llke the
19th century's clasllflcatl,on of ttre
chealcal elenentE, so too ia thc quark
lheory . dercrlptive theory. It 3ho!,r HOH
ttadrons 8re buiLt up frou constituent
partlcles, not EHY they are bul1t so. Even
though sone detalls of the quark theory
are a blt f]dzzy, lf not outrlqht erong, it
is nevertheless an obgerved FACT thaE
hadrons are constituted by soDe sDaller
clars of sub-partj.c1e6i be they quarks or
objects very sinllar to guarks. If ln
the future the quark theory gets scrapped
it t,lII be in favor of a nore fundaDental,
unifled theory thaf includes a thorough
description of quantun gravltatlon. In
spite of any ctranges i,t undergoes. ll Ls
believed that the guark theory, at Least
in tts nain features, is correct.

What are soae of the problens rlith the
theory? At present, quark theory presents
us ulth 4 flavors and 3 colors ylelding a
total of twelve quarksi hardly a siDple
group of elenentary partj.clcs although it
is better than the over 200 knorrn hadronc.
The relatlon of the four quark flavora to
the four types of known lrptons is not

!,ell underst,ood yet, and lrhat under-
strndlng t,re DO posacls could be easlly
upset rlth the dl.scovery of yet another
quark flrvor or lepton. Ttrcre 1! nothlng
in the quark lheory to prevant addlttonal
fl.vor! and lndeed nothlng reelly erplalns
why the four that AAE observed Euat exlst
at all. that lead! us to perhAps the !o!t
perplerlng pert of thlc ttlole quark
bullnesr. llro of the quark flavors, clrara
and stranqenes!, are rarely reen in actual
natural occurences. Tha trro leptons, the
Euon and the luon-neutrlno are oc-
caslonally sern ln costrlc ray!, but nalnly
thay are rad! 1n hlqh-enerEy particl,e
accelerators. Fro! t,hrt t,e kno!, about
lub-atotrlc physica and the Dany procelae!
that occur ln nature, lncludlng nuclcar
furlon, lt cee!! that by far nost of the
lnteractlons use only u and d quarks end
electrons and neutrLnos. ft $ou1d appear
that nature could have rade do wtth half
as Eany fundarental things. Surely the
other quarks and Ieptons eere not created
ehply for the entertaLnDent or edlfl-
catlon of physlcists, but what is the
purposc of such a grand doubllng? At thls
point there ls no anslrcr. The only tlDe
in lhe hlstory of the unlvcrse that neny
of the Dore esoterlc quark and lepton
propertles rrere actlve sa! 1n the flrlt
second of the BtS Bang; where energles
far erceeded that of even our largcst
planned partlcLe accelerators. Durtntr
this so-cal1cd "Quantun Era", all events
ln the cos!!o! trere doninated by virtual
quark-llke proceaaes. Studying thele
high-energy phenonena in accelerators
glves us an ldea of shat the early
unlverse t,as like. Ttte g,ay that nat,ter
lnteracted during the brlef "Quantum
Era" 1n the flrst gecond after the
Blg Bang aluost certainly lnfluenced
the later evoLutlon of the entire
unlverse. Understandr.nq theEe early con-
dltlons is of great interest to the
astrononer and cosrool,ogist i.*ro !eek! to
explain why the universe appear! the tJay
se see it today.

In eunaary, it can be reen that the
unLverse around us 1s bu1lt accordlnq !o
the worklngs of a tiny sub-etoDlc rorl,d.
A rorld in which strange latrc of conaer-
vati.on coEpete agalnst quantu! randouness
and chlnce to prevcnt undlrclpllned
descent lnto chaos and annlhllatlon. llhat
exactly ls "co1or hypercharge'? I{hat is
"llotoplc spln"? fhelr quantu! nurbers
can't evcn be vlsualized. But thAt l8n't
neccssary. l{ature 'vlcuallzes' these
conlervable quantlties for u!. lhls
vilualization ls achleved by thrlr
II{TERACrIONS. lle can "!ee" rrhat l,roeoplc
apln and hypercharge I5 slnply by looklng
at a proton. Or a neutron. Or a pl-reson.
fhere oblervable objectr arc nothlng Eore
than the vtslble cooblnatlons of the
quantum nuDbcrs that lake Chau up. How
these nunbers are conbined revcals holt
diabollcall,y clever nature turns out to be.
Hany of the dtscoveriec descrlbed 1n thts
artlcle are lhe resu.l,t of lntcn3e and
collectlve intellectual, actlvlty by soue
of the flnest llnds Ehe eorld hes ever
knorrn. Soue of the theorler prcrented have
called upon rultle and obtcure nathe-
natlcal arguuents that could eallly have
been overlooked even by hlghly coDpetcnt
EathenatLclans. Yet nature has bccn saart
enough to spot Chet!: to bulld up uultl-
pletr froD SU(3) sylDet,ry groups, to use
the sinplest and Dost beaut,iful guage
synDetry to construct electro-EagmetlaE
and to spot loopholes ln the latlteratlcs
that would othenrise prevent "char!!' and
'strangenesE" fron existlng. Hathenatlcs
and beauty are the foundatlon stones of
the unlverse. l{o one r,ho has studled the
forces of nature can dou.bt that the Eorld
aDout u5 i.s a Eanlfestatlon of loEethlng
very, very cLever lndeed. _- Jeffery Bass
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ASTR0NOIVIICAL EVENTS- JutY, 1984

The full moon of July is called the Thunder or Hay Moon. The moon is at
perigee on the 2nd and 30th (57.6 and 65.8 Earth-radii away respectively), and
at apogee on the lEth (63.5 Earth-radii away). The moon passes 0.'loS of Saturn
(occultation visible in Africa and the Indian 0cean), and 4oN of Mars on the 7th;
0.4"S of Uranus on the 9th (occultation visible in S. Amerfca and southern Africa);
3oS of Neptune and 3"S of Jupiter on the llth; and 7oN of Mercury on the 30th.

MOON

VENUS:

JUPITER:

SATURN:

OUTER

PLANETS:

DATE

July 5

July 1 2

July 21

Ju'ly 28

Mercury passes 5oS of the bright star pollux (in Gemini) on the 3rd. They
are ahout 12oE of the sun in the evening sky (so they set a little less than
314 of an hour after sunset). Thfs elusive planet passes 0.8oS of the star
Regmlus (in Leo) on the 26th. The planet at that time Is 27"E of the sun.
Mercury is at greatest elongati'on east of the sun on the 3lst (27,3'), Thj's is,
however, not a yery good appari'tion for northern viewers.

Venus is at perihelion (0.71

PHASE

First Quarter
Ful'l Moon
Last Quarter
New Moon

what an astronomical unit is?]
about 7o above the western hor

(6th) 5:04pm EDT
('l 3th )I 0 :20pm EDT

I2:04am EDT
7:5lam EDT

MOONRI SE MOONSET

'l r38am EDT
6:20am EDT
2 r35pm EDT
9:41pm EDT

TIME OF PHASE
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I
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34pm EDT
24pm EDT
Olam EDT
IIam EDT

)
i

84 astronomical units from the sun [Remember
on the l4th. By the end of the month Venus is

zon at sunset, at magnitude -3.9. It's still
too close to the sun for observing. lrJait untii September.

Mars,can easi'ly be seen about 25o sbove the SSt{ horizon about an hour after
sunset. The Red P1anet is between the bright stars Antares and sprca, and just
South of Satur"n. An astronomical unit is the average distance between the Earth
and the sun.,. about 93 mi1lion miles. 0n July 20,.l969 Neij Armstrog and Buzz
A1dri'n became the first humans to set foot upon the moon.

Jupiter trails Mars and Saturn by about 3 hours, but it is sti'll easily
vfsible i'n the SE sky after sunset. At magn'itude =2.2, Jupiter is the brightest
"starlike"'object in the evening sky and thus, is very easy to pick out from
the jumble of heayen'ly dots. Jupiter sets at 6:00am EDT on the l4th.

Saturn is floating just north of Mars in the SStt evening sky. At magni-
tude 0.7, it is a bit fainter than the reddish Mars. Saturn is stationary in
right ascension on the l3th, resuming eastward motfon afterward.

Uranus is fn Ophiuchus, Neptune is in Sagittarius, and Pluto is in Virgo.
None of these planets are visible to the unaided eye.

Two meteor showers this month and good news. the moon wonlt be in the way
for ei'ther one. Look for the capricornjd.s on and around the Sthr l6th, and 26th.All these meteors will be slow (ibout 23-28kmlsec.) Best around midnigirt. 0n
the 29th,'the DeTta Aquarids peak. Thfs shower is'actuaity ip".ua ort'i"o* Jufyl5 to August 29. Look slightly north of east. Best arouni zam. About l0-35/h6ur.

METEORS:

MERCURY:

MARS:

-)
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T'l:e next open trouse at Peach Mountain
will be on Saturday, July 28. See Ya!
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