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Martina Sapienza
sapienzamarty99@hotmail.it

Liceo E. Boggio Lera, Catania, Italy

EN- Editorial

IT- Editorial

THE CANCER AND A
POSSIBLE CURE

At the present, the main responsible of the
death of many people is a pathology called
cancer. Already everybody knows it, and sta-
tistically a third of people suffer from it, even in
the 99% of cases they do not know what it is.

In our body, there are many totipotential cells,
which are not-specialized ones; sometimes, for
unknown reasons, they could quickly reproduce
themselves shaping a tumor. When it sends
messenger proteins that flow in the blood, suc-
ceeds in affecting to other organs and “infect”
them. Now it turns from a tumor to a cancer,
which causes metastasis. Correlated to this,
there is the chemotherapy, a cure that is car-
ried out through the administration of medicines
that should kill the silk cell but really kill also the
healthy cells that reproduces themselves quickly
(like liver). Per instance, during this therapy one
lose hair. Despite this, the chemotherapy is a
“cure” that gives its results. If even this fails to
heal the patient, the doctors could sometimes
provide radiotherapy, which uses the radiations
(X rays, gamma rays) that emit special types of
radiation that kill the silk cells. These radiations
can be administered by radioactive means (like
a radio-metabolic therapy made by radioactive
iodine) or administrating the radiation from out-
side the body with an apparatus that surrounds
the patient. However, if the cancer is discovered
too late, when the disease is very advanced, we
cannot do too much else, because the time of
treatment is very long. Could we talk about stem
cells as a cure for cancer? Would it be a method
to ensure security to people? Stem cells are un-
differentiated cells that, genetically modified, can
destroy the cancer, in theory we can take a can-
cer cell, study and understand the types of anti-
bodies that turn up to respond positively, then we
can stimulate cells to produce the specific anti-
body, and introduce this in the body of the patient
just killing the cancer cells. This is a theory, only,
which has not been confirmed so far. Nowadays

IL CANCRO E UNA
POSSIBILE CURA

In questo periodo una delle cause mag-
giori che provocano la morte € una delle malat-
tie piu letali al mondo, il cancro. Ormai tutti la
conoscono, e statisticamente una persona su
tre ne soffre, anche se nel 99% dei casi non
si conosce il vero motivo del male. Nel nos-
tro corpo ci sono moltissime cellule totipotenti
cioé la proprieta di una singola cellula sta-
minale animale di svilupparsi in un intero or-
ganismo e persino in tessuti extra-embrionali.

Un esempio di cellula totipotente & il blas-
tomero (in embriologia, ciascuna delle cellule
che risultano dalla segmentazione dell’'uovo fe-
condato); Il cancro inizia con l'attivazione di un
oncogeéne (la cellula che, in seguito a delle mu-
tazioni, come il mancato controllo della prolifera-
zione cellulare, diventa una cellula tumorale) in
grado di determinare la divisione insolitamente
frequente di cellule che formano il rivestimento
della parete corporea colpita. Ulteriori mutazioni
del DNA causano, in seguito, lo sviluppo di un
piccolo tumore benigno. Altre mutazioni portano
infine all’acquisizione della capacita di migrare in
altri tessuti da parte delle cellule tumorali e quin-
di alla formazione di un tumore maligno (carci-
noma). A questo punto non si parla piu di tumore
ma di cancro che presenta delle metastasi.

Correlato a cid, vi & la possibile cura: la
chemioterapia, che prevede la somministra-
zione di farmaci i quali dovrebbero uccidere le
cellule malate ma che, in realta, uccidono anche
le cellule del corpo che si duplicano molto ve-
locemente (come il fegato); tra i possibili effetti
collaterali della chemioterapia € molto probabile
la caduta dei capelli e altri possibili disturbi, ma
ciononostante rimane una “cura” che da risultati
percepibili. Se nemmeno questa riesce a guarire
il paziente, si puo ricorrere alla radioterapia, che
usa le radiazioni di raggi X, raggi gamma o altre,
emesse da particolari tipi di particelle radioattive
che possono portare alla morte di quelle malate.
Queste radiazioni possono essere somminis-
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there are not appropriate instruments, yet, and
scientists are studying to make this theory a
real fact; anyway, it seems to be science fiction.

Obviously, in the future it might become truth;
in fact, the present kinds of therapy are the fruit
of research and studies by many people that
have collaborated to develop an effective cure.
During the years, fortunately, we have discov-
ered cures that reduces the cancer mortality
rate, but in the past, this was a theory either. For
these reasons, it is normal to consider the stem
cell possibility as science fiction, but it will not

Serie "breast cancer” Voce legenda l

40% I
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Fig. 1. Tumoral incidence male and female
Made by the author

Fig. 1. Incidenza tumorale maschile e femminile
(Grafico elaborato dall’autore)
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trate attraverso farmaci (come la terapia radio-
metabolica fatta con lo iodio radioattivo per dis-
truggere il tumore alla tiroide, che si utilizza in
maniera specifica lo lodio) oppure mediante una
dose di raggi al corpo del paziente attraverso
uno specifico macchinario. Se il cancro, invece,
viene diagnosticato troppo tardi, nel momento in
cui & gia molto avanzato, non ci si puo fare molto
poiché il tempo che si impiegherebbe ad elimi-
nare le cellule malate sarebbe troppo lungo.

Si potrebbe provare attraverso le cellule
staminali (cellule primitive, non differenzi-
ate, dotate della capacita di trasformarsi in
diversi altri tipi di cellule del corpo attraverso
un processo denominato differenziamento
cellulare) una possibile cura, la quale por-
terebbe ad un metodo per garantire forse
un po’ piu di sicurezza alla gente malata.

Le cellule staminali sono cellule che, mod-
ificate geneticamente, potrebbero distruggere
il cancro dall’interno. In teoria si potrebbe pren-
dere una cellula tumorale, studiarla e capire a
quali tipi di anticorpi risponde positivamente;
successivamente, si potrebbe indurre la cellula
staminale a produrre il particolare anticorpo,
introdurlo nel corpo del paziente e uccidere in
questa maniera le cellule tumorali/cancerogene.
Tutto cid perd € solo una teoria che ancora non
e stata né confermata né provata. Non ci sono
ancora gli strumenti adatti e si sta studiando an-
cora molto per rendere questa teoria una verita.

Potremmo considerare fan-
tascienza questa opportunita?
Sicuramente in  futuro potra diven-

tare una realta: infatti, tutto cid che noi ab-
biamo ora € il frutto di lavori, studi, scop-
erte non di una persona, ma di molte che
hanno collaborato per dare a noi cure effettive.

Nel corso degli anni queste teorie sono di-
ventate pratica e adesso fortunatamente ab-
biamo qualcosa che realmente diminuisce
la mortalita tumorale. In precedenza, anche
queste erano solo teorie fantascientifiche ed
€ normale. per i tempi nostri considerare le
cellule staminali utilizzate per curare questa
malattia come fantascienza ma non sara per
sempre cosi; la scienza fa il suo corso e tutto
pud cambiare e, ovviamente, migliorare.




be the same because we know that science
changes and always develop almost quickly.

We strongly wish, and it could be possible, that
in a not far future an EPMagazine young reader
shall come to an incredible solution and the last
discoveries that we have nowdays, like an ef-
fective chemotherapy, will look like pure history.

Ci auguriamo - ed & possibile - che in un non
lontano futuro un giovane lettore di EPMaga-
zine possa arrivare a soluzioni stupefacen-
ti, tali che le apprezzabili cure di oggigiorno
come la chemioterapia sembreranno banali.

Un saluto da un’alunna che spera, davvero con
tutto il cuore, di diventare un ottimo dottore.




BG- Editorial

GR- Editorial

PAKBbT U Bb3MOXHOTO
MY JIEMEHUE

MoHacTosiweM OCHOBHaTa npuyYMHa 3a
CMbpTT@a Ha MHOMO Xxopa e naTtornorusara,
HapeyeHa pak. Beuye BCUYKM O 3HaAT
7] CTaTUCTUYECKMN eaHa TpeTta oT
xopata cTpagatr oOT Hero, HO B 99%
OT cnyyYyauTte Te He 3HasaT KakBo € To.

B HaweTto TANO MMa MHOro TOTUMOTEHTHU
KNEeTKN, KOUTO ca HecneunannuampaHm kneTku. Te,
No HEW3BECTHU MNPUYMHKU, CE€ Bb3NPOM3BEXAAT,
ohopmManku TyMOp. KoraTo nanpatla
npateneHnTe nMnpoTeuHN, KOUTO KPbCTOCBAT,
KpbBTa ycnsiBa Aa CTUrHE OO ApYyrnTe opraHu
n pa rm 3apasn. Cera T4 Bede npencraensBa
He camMo TymMop, a pak, KONTO MMa MeTacTasw.
CBbp3aHo C TOBa € XumuoTepanusTa - Tepanus,
KOSITO Ce M3BbpPLUBA Ype3 agMUHUCTPUPaHE Ha
nekapcTtea, Konto Tpssibsa ga ybusaT pakoBaTa
KneTtka, HO HaucTuHa ybuBaT UM KneTkarta,
KOSATO ce Bb3npousBexaa Obp30, BCbLLHOCT
no BpemMe Ha Ta3u Tepanusa MoOXe Oda Bu
okane KocaTta, BbMpPekn 4e xumumoTtepanusaTta
e “nedeHue”, KoeTO [gaBa  pesynrartu.
AKO popu TOBa He ycrnee [Qa W3nekysa
naumeHTa, nekapaT Moxe ga npuberHe p[o
nbyeTepanns, KOATO W3Non3Ba M3nbyBaHUATA
Ha pPEeHTreHOBM §buYW, rama Ibyu, KOUTO
OTAENAT cneumnanHu BMOOBE pPaaMOaKTUBHOCT,
KOWUTO ybuear pakoBaTta KneTka.

Te3an nbyYeHMsas wMoraT pga ce npwunarart
c pagvuoakTUBHU MeanKaMeHTM (kaTO
pagnoobmMeHHa  Tepanus, HanpaBeHa C
pagvoakTMBeH 1od, 3a pJa ce  Hamanm
lMTOoBMOHATa Knesa) unm ga ce npuroxu
obnbyBaHe OTBbH Ha TAMOTO C MaluMHa,
KOSITO obrpaxaa nauueHTa. Bbnpekn
TOBaA, akO paKbT Ce OTKpue TBbPAE KbCHO,
korato ©Oonectta € MHOro HanpegHana,
HE MOXeM [Ja HanpaBMM MHOro, 3auoTo
BPEMETO HaA JleYEHME € MHOro AbIro.

Moxem nu ga roBopvM 3a CTBOSIOBU KNETKN,
3a ga Hamepum nek 3a pak? bu nmn 6un meton
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O KAPKINOZ KAI MIA
NMOANH OEPAIEIA

2TV €TTOXN MOG, N Kupia aitia Bavdartou
APKETWYV avOpwWTIWV Egival pia acBéveia TToU
OVOMACETOI KOAPKIVOG, KATI TTOU TO YvVwpilouv
Ol TTEPICOOTEPOI. 2TATIOTIKA, Ol TTEPICCOTEPOI
TTAoXovTEG Oev yvwpidouv TTEPi Tivog akpIBWwG
TIPOKEITAl. 2TO OWMA HAG UTTAPYXOUV OPKETA
TToAUdUvVaua KUTTOPA, Ta OTfoia  €ival PN
dlagopoTroinuéva KUTTapa. AuTtd yia dyvwoToug
AOGyoug avatrapdyovtal  oxnuatifovrag €vav
oyko. O1 mpwrteiveg ayyeAla@opol PECwW TOu
aipatog @TAvouv Ot dldgopa oOpyava Tou
OWMATOG Kal Ta JoAUvouv. ToTe dev gival TTAEoV
OYKOG, OAAG KAPKiVOG O OTT0ioG TTapoucoIadel
MeTdoTaon. TNNa TRV QVTIMETWTTIONR  TNG
XPNOIUOTTOIEITAI N XNMEIOBEPaTTEiQ, yia BepaTreia
n oTToia ouvioTaTal oTNV XPAoN KUTTAPOOTATIKWY
PAPMAKWY Ta OTToia PTTOPOUV VA OKOTWOOUV Ta
MOAUuOUéva KUTTapA, OAAG OKOTWVOUV ETTIONG
Kal KABe KUTTAPO TTOU avatrapdyel ypryopa tov
€AUTO TOU, €XOVTAG TTOANQTTAEG TTAPEVEPYEIEG,
OTTwG TNV TITWon Twv JoAAwv. lMap’ OAa
autd n xnueloBepaTtreia gival Pia aywyr TTou
Oivel atmroteAéoparta. Av kal aut) n Bepatreia
TOU aoBevoUug aTtroTUXEl, O YIOTPOG WTTOPEl va
KATa@uUyEl OTNV AKTIVOBEPATTEIA PE AKTIVEG X KAl
Y, Ol OTTOIEG OKOTWVOUV Ta PJOAUCHEVA KUTTOPA.
AUTEG 01 aKTIVOBOAIEG UTTOpOUV va xopnyndouv
ME TN BonBeia padievepywv QApUAKwWY (OTTWG
Mia akTIivoBepartreia TTou yiveTal pye padlevepyo
IWOIO VIO VA KOTOTTOAEMAOCEI TOV KAPKIVO TOU
Bupeoeldoug) 1 va xopnynOei akTivoBoAia
€CWTEPIKA PE Mia ocuokeur TTou TTEPIBAAAEI TOV
aoBevry. Opwg, av o KapKivog avakaAupOei TTOAU
apyd, dnAadr oTav £xel TTPOXWPENOEI TTOAU, TOTE
Ogv UTTOPOUME VO KAVOUMPE TTOAAG TTpAyuaTa.

©Oa pTTopOoUCANE VA XPNOIYOTTOINOOUME T
BAacToKUTTOPO YIa va Ppedei Bepartreia ToU
Kapkivou; @a Arav pia pEBOdOG TTOU EUTTVEEI
olyoupid oToug avBpwTroug; Ta BAacToKUTTOPO
gival un dlagopoTroinuéva KUTTOPA, Ta OTToia
otav gival YEVETIKA TPOTTOTTOINUEVA UTTOPOU



3a OcurypsiBaHe Ha CUrypHOCT 3a xopaTa?
CTBonoBute KneTkn ca HegudepeHumpaHu

KNEeTKW, KOUTO TEeHETUYHO MoanduLmpaHu
MoraT Ada YHULLOXaT paka, Ha Teopus MOXeM
0a B3eMEeM pakoBa KreTka, MOoXem Aa
npoyyMm u pasbepem BuMOoBeTe aHTUTena,
KOUTO  pearnpar  MONOXWUTENHoO,  Toraea
HMEe MOXeM [Ja CcTUuMynupame KneTkarta
0a npou3Bede KOHKPETHO aHTUTano 1 aa
BbBeAeM TOBa B TANOTO Ha nauuweHTta, 3a ga
ybuBaT pakoBuTe KneTtku. ToBa € camo egHa
Teopusi, KOATO Jocera He € MNOoTBbpAeHa,
He CblWecTByBaT NOOXOOAWN WHCTPYMEHTU
M yyeHUTe wu3y4vaeBaT, 3a [a npeBbpHaT
Tasn Teopusa B WUCTUHCKM (OakT, HO Jann B
TO3M crny4yam e Hay4YHa (paHTactmka?

OueBngHO e, 4ye B Obaelle Moxe Oa ce
npeBbpHEe B WCTUHA, BCBLUHOCT TOBa, KOETO
B MOMEHTa MmMame € nfog Ha nNpoun3BeneHus,
n3cnegBaHusi, Ha MHOro Xxopa, KOMTO ca Cu
CbTPyoHMUMNK, 3a Oa HU Jagat eqeKTMBHO
nedenue. lNpes3 roguHUTE 3a WACTMEe OTKPUXME
Hewo, KOEeTO HamansiBa CMbpTHOCTTa OT
pakoBu 3abondBaHWdA, HO B MMWHANOTO ToBa
bewe n Teopus, Nopaan KOETO € HOpPMasnHo
[a ce pasrnexga Bb3MOXHOCTTa 3a CTBOIOBU
KNeTKN KaTo HayyHa (haHTacTuka, HO HAMa aa
€ CbLLUOTO, 3all0TO HMEe 3HaeM, Ye HaykaTa ce
NnpPoMeHsa U BuHarM ce nogobpsiea. BepoaTHo
B Obaelle Lle CTUrHEM OO eOHO HEBEPOATHO

peweHne n  aHTaCTUYHOTO  OTKpUTHUE,
KOETO cera uMame KaTto XumuoTepanus,
e u3rmexga Kato  4Yucta  Uctopwus.

fmo o Brerm—)
—

va AEITOUPYOOUV OQV  QUOIOAOYIKG Kal vad
UTTOKOTAOTAOOUV T AEITOUPYIQ TWV KAPKIVIKWV.
OewpnTIKA PTTOPOUME OE £va KAPKIVIKO KUTTAPO
VO MEAETHOOUME Kal va PPOUPE TOUG TUTTOUG
TWV  AVTIOWPATWY  TTOU  AVTATTOKPivovTal
BeTIKA OTA  KAPKIVIKA avTiyova Kal  ETTEITA
va OleyEipoOUPE TO KUTTAPO YIA VA TTAPAyEl
MOVOKAWVIKA QVTIOWMPATA. 2Tn OUVEXEIA Va
€I0AYOUME TA HOVOKAWVIKA QVTIOWHATA OTO
OWwHa ToUu aoBevoug Kal VO OKOTWOOUME TO
KAPKIVIKG KUTTapa. Ta trapatrdvw eival uoévo
Mia Bewpia TTOoU Bev £xel akOuUn emIReRaIWOEI.
Aev uTtdpxouv akopn Ta KAatdAAnAa opyava
Kal Ol €TTIOTANOVEG PeEAETOUV TTWG Ba KAvouv
autrlv T Bewpia TTpayuatikotnTa.  MATTWG
TTPOG TO TTAPOV E€ival ETTIOTAPOVIKA QAvVTaOiq;
Mpo@avwg oTto héEAAOV Ba yivel TTpayuaTIKOTNTA.
Mpog 10 TTapOV auTd TTOU £XOUE €ival O KAPTTOI
EPYACIWV KAl MPEAETWV OPKETWV aAvOPWTTWYV
TTOU OUuvEPYAOoOBNKav vyia Vva pag dwoouv
MIa aTroteAeopaTikny BegpaTtreia. Eutuxwg oTo
TEPAOUA TOU XPOVOU avOKOAUWOAUE TOV TPOTIO
yia VO UEIWOOUME TN BvnoiudtnTa €aITiag Tou
KAPKivou, av Kal autd Ot TTAAIOTEPEG ETTOXEG
dev @aivoTav TTapd Jovo pia Bewpia. N autoug
Toug Adyoug eival Aoyikd va Bewpouue TWPa
™ Xprion Twv BAACTOKUTTAPWY ETTICTNUOVIKN
gavrtaoia. Apyotepa pdAlov de Ba cival €101,
0edopévou OTI N EMOTAPN TTPOXWPAEl KAl
TTpoodevel. MMBavov oTto PEANOV va PTACOUME
0¢ pia atrioTeutn AUON KAl N €CAIPETIKA
avakdAuyn Tng xnMeIoBepaTTEiag, TTOU £XOUME
OAMEPQ, ouvTopa va TrEPACEl OTNV I0TOPIA.
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Es- Editorial

En la actualidad, el principal respon-
sable de la muerte de muchas perso-
nas es una patologia Illamada cancer.

Todo el mundo ya lo conoce y estadistica-
mente un tercio de las personas lo padecen,
pero en el 99% de los casos no saben lo que
es. En nuestro cuerpo hay una gran canti-
dad de células totipotentes, que son célu-
las no especializadas; éstas, por razones
desconocidas, se reproducen formando un
tumor. Cuando envian proteinas mensajeras,
navegan por la sangre y consiguen llegar
a otros organos e infectarlos. Si existe mas
de un tumor, el cancer presenta metastasis.

Relacionado con esto esta la quimioterapia,
una terapia que se lleva a cabo mediante la ad-
ministracion de medicamentos que deben matar
a la célula de seda pero realmente mata tam-
bién a la célula que se reproduce rapidamente,
de hecho, durante esta terapia se puede perder
el pelo por completo, a pesar de ello, la quimi-
oterapia es una “cura” que da sus resultados. Si
incluso esto no funciona para curar al paciente,
el médico puede recurrir a la radioterapia, que
utiliza las radiaciones de rayos X, rayos gam-
ma que emiten los tipos especiales de célu-
las radioactivas que matan la célula de seda.

Estas radiaciones se pueden administrar con
medicamentos radioactivos (como una terapia
metabdlica de yodo radioactivo para destruir
el tiroides) o administrar la radiacion desde
fuera del cuerpo con una maquina que rodea
al paciente. Sin embargo, si el cancer se des-
cubre demasiado tarde, cuando la enfermedad
esta muy avanzada, no podemos hacer mucho
porque el tiempo de tratamiento es muy largo.

History of Science and Technology

¢, Podriamos hablar de células madre para
encontrar una cura del cancer? j Seria un méto-
do para garantizar la seguridad a las personas?

Las células madre son células indifer-
enciadas que modificadas genéticamente
pueden destruir el cancer, en teoria podemos
tomar una célula cancerigena, podemos es-
tudiarla y comprender los tipos de anticuer-
pos que responden positivamente, entonces
podemos estimular las células para producir
el anticuerpo concreto e introducirlo en el cu-
erpo del paciente y matar a la célula cancerosa.

Esta es solo una teoria que hasta ahora
no ha sido confirmada, no existen los instru-
mentos adecuados y los cientificos estan es-
tudiando para convertir esta teoria en un he-
cho real, pero en ese caso es ciencia ficcién?

Obviamente, en el futuro puede con-
vertirse en una realidad, de hecho, lo que de
momento tenemos es el fruto de los traba-
jos, estudios, de muchas personas que han
colaborado para darnos una cura efectiva.

Con el paso de los afos, afortunadamente
hemos descubierto algo que reduce la tasa
de mortalidad del cancer, pero en el pasado
esto también era una teoria, por ello es normal
que se considere la célula madre como cien-
cia ficciéon pero no es lo mismo porque sabe-
mos que la ciencia cambia y siempre mejora.

Probablemente en el futuro habremos
llegado a una solucion increible y el des-
cubrimiento fantastico que tenemos ahora
como quimioterapia, parecera pura historia.

EPMagazine




Dr John $. Reid
J.s.reid@abdn.ac.ubk

University of Aberdeen, Aberdeen, Scotland

A Notable Bicentenary: Robert Stirling's Engine

Abstract

Robert Stirling’s patent for what was essentially a new type of engine to create work from heat was
submitted in 1816 and granted in 1817. lts reception was underwhelming and although the idea was
sporadically developed, it was eclipsed by the steam engine and, later, the internal combustion engine.
Today, though, the environmentally favourable credentials of the Stirling engine principles are driving
a resurgence of interest, with modern designs using modern materials. These themes are woven
through a historically based narrative that introduces Robert Stirling and his background, a descrip-
tion of his patent and the principles behind his engine, and discusses the now popular model Stirling
engines readily available. These topical models, or alternatives made ‘in house’, form a good plat-
form for investigating some of the thermodynamics governing the performance of engines in general.

1. Introduction

In late 1816 Robert Stirling applied for a patent that described heat exchangers and the
technology of the Stirling engine. The Stirling engine is a markedly different machine from ei-
ther the earlier steam engine or the later internal combustion engine. For reasons to be ex-
plained, after a comparatively obscure two centuries the Stirling engine is attracting new inter-
est, for it has environmentally friendly credentials for an engine. This tribute introduces the man,
his patent, the engine and how it is realised in example models readily available on the internet.

2. Robert Stirling

Robert Stirling was a Scottish farmer’s son, born in 1790 in rural Perthshire, the third in what would
become a family of 8 children that included 5 girls. It was an age when agricultural improvements by
way of land reclamation and new machinery were in full swing in Britain. His grandfather, Michael
Stirling, had invented an early rotary threshing machine driven by water power; his younger brother
James Stirling (born in 1799) would make his name as an engineer and it is a fair bet that family inter-
ests in the new machinery of the age inspired the young Robert into becoming an amateur mechanic.
It was said that the girls in the family were also mechanicallytalented1 . The early 19th century was also
an age when a farmer’s son attending one of the East of Scotland’s four universities was a common-
place occurrence. Authors disagree on the extent of Robert Stirling’s formal education but records
show that he enrolled in Edinburgh University in 1805 and took their courses for at least two yearsz.

His second year included mathematics under the aegis of John Leslie, well-known for
his study of heat3 (Fig. 1). It is not clear if he was later taught Natural Philosophy by the nota-
ble and enthusiastic John Playfair who was also on the staff. If so, Playfair would have giv-
en Stiring a wide-ranging contemporary understanding of the
principles behind the operation of many kinds of machine?.

Robert Stirling (Fig. 2) would eventually have a long career as
a Minister of the Church of Scotland, generally a graduate profes-
sion even two centuries ago. He spent additional time in divinity stud-
ies, certainly at Glasgow University and perhaps at Edinburgh too.
Attendance records in both institutions were lax. Although he didn’t for-
mally collect the AM (‘Artium Magister’) degree that was expected for a
career in the Church, he was ordained in 1816 as Minister for Kilmar-
nock. He was known to maintain a workshop and a continuing inter-
est in machinery. Indeed, even later in his career “he sometimes sur-
prised his neighbours at midnight by the hammering resounding from
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the anvil in his little smithy adjoining the manse "5,

1816 is noted even now as the disastrous ‘year
without a summer’ following the enormous erup-
tion of Mount Tambora the previous year. Maybe
the bad weather encouraged Stirling to spend even
more time over the furnace in his smithy. Towards the
end of 1816 he applied for his now famous patent6

(No. 4081) for an ‘Economiser’ that discussed
various ways of exchanging heat. This was well be-
fore the time that heat was recognised as a trans-
fer of internal energy between bodies. Heat was

then considered as a substance in its

Fig. 2 Robert Stirling
was born almost 50
years

before = photography
was invented. This is
the only known image
of him,

in his later years

own right

— ‘caloric’ that could flow between bodies or sim-
ply evaporate as radiation, though Stirling himself never used the word in his patent description.

3. The patent of 1816

Stirling’s 1816 patent7 began by describing a heat exchanger. He suggested that one ver-
sion could consist of two parallel channels separated by a metallic plate. Hot fluid passed down
one channel and cooled as it did so, passing its heat through the plate; cool fluid passed along
the other channel in the opposite direction and was heated by the plate as it did so. It's quite
surprising that the simple heat exchanger hadn’'t been patented before then. His simple ar-
rangement was illustrated in the patent by Fig. 3. The next version described a furnace with

two flues. Air was blown in through one flue and the combustion gases expelled through the other,
which of course heats up. The roles of the flues were then reversed so the air intake was now through
the heated flue and the hot exhaust gases then heated up the other flue. This made the furnace more
efficient since it was then fed with hot air and some of the exhaust gas heat was used - in modern lan-
guage it was an exhaust heat recovery system. Stirling also added some practlcal points about im-

plementing his principles. Having thought
about recovering heat from flowing gas-
es he went on to describe his engine.

We are all familiar now with the in-
ternal combustion engine using petrol,
diesel, gas or some inflammable fuel.

Such engines are a product of
the second half of the 19th century,
though the underlying concept had
been thought of earlier. When the
hot gas has done its work in the pis-

Fig. 3 Diagram based on figure 2 of Stirling’s patent, illus-
trating the basic heat exchanger. AB is the metal plate
dividing two channels, C and D, through which fluids run
in opposite directions.

ton it is expelled as exhaust and the pis-
ton can move relatively unimpeded. The steam engine is an external combustion engine in
which the working fluid, the steam, passes through the engine and is likewise exhausted.
The Stirling engine was a radically new invention, different from either of these. It is an engine
where the working gas is sealed in the piston and operates between a hot ‘reservoir’ and a cold reser-
voir. The hot end can be maintained by combustion but nowadays it can also be maintained by other
means such as solar heating. Indeed, a single engine can be designed readily that is not limited to
one particular fuel. The Stirling engine is also attracting a lot of attention these days because the ex-
ternal combustion can be optimised to produce minimum waste products like carbon monoxide and
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unwanted nitrous oxides: basically, cleaner emissions that minimise its environmental footprint.

So, how does the engine work? The 1816 version shows why the original idea was a develop-
ment of heat exchanging. Fig. 4 shows the totally enclosed cylinder. The cylinder contains two inde-
pendently moving parts: the tightly fitting power piston and a loosely fitting ‘plunger’. The top of the
cylinder is hot while the foot is cooled by air or water. The plunger is the heat
exchanger. In Stirling’s original concept the plunger was made of “sheet iron
covered with thin plates of brass or silver to prevent the loss [of heat] by ~ o~
radiation” so it would quickly take in heat and give it out. When the bottom ] Hot end
space is near its largest and coolest, the plunger comes down, moving air
up its sides and reheating it due to the temperature gradient up its length.
The air therefore arrives at the top needing less heat than it would do if just
injected cold from outside. When the plunger rises it pushes hot air down its
sides into the power space, in the process reheating the plunger. So during
the cycle the plunger acts as a heat exchanger, without losing any energy to
the outside. This action of Stirling’s plunger he called ‘regeneration’. I'm us-
ing the word ‘heat’ here as a synonym for thermal energy transferred without | piston
any accompanying work. The plunger has been likened to a heat sponge B
that alternately absorbs and releases thermal energy. Of course heat isn’t
a substance like water, but the analogy indicates that a good plunger is one
with a large heat capacity that does not change its temperature much when
absorbing or giving out energy as heat. A feature of Stirling’s original design
is that the power piston is separated from the furnace heat by the plunger. It rjg. 4 The Stirling engine
is fed by hot gas but does not need piston rings that have to withstand cylin- cylinder, simplified from
der walls at furnace temperature. Fig. 5 shows Stirling’s engine as illustrat- thet d;aw’”g in the 1816
ed in his patent. The Stirling engine was improved from its 1816 incarnation patent
by Robert and his brother James, who jointly submitted two subsequent pat-
ents. The 1827 patent (no. 5456) promoted a major development in that the
power piston and ‘plunger’ were now designed to work in separate cylinders. This was the beginning of
a wide range of variants which recognised that Stirling’s original plunger did two jobs. It displaced air,
or whatever gas is enclosed, between the two ends and it acted as a heat exchanger. These two jobs
can be done separately by a ‘displacer’ and a ‘regenerator’ that may well be different components.

Taken to extremes, the hot and cold ends can be in separate chambers connected by a tube. The
displacer moves air between the tubes and the regenerator, if present in the tube, is the heat exchang-
er. Whatever the configuration, by moving the air within the engine the displacer maintains the cyclic
motion of the engine, which isn’t created simply by having steady hot and cold ends to a cylinder. In oth-
er engines the cycle is kept going by the engine’s valves. Like valves, the displacer is generally driven
by the power train. Stirling achieved this by connecting the plunger to the engine flywheel via levers.

Plunger

The Stirling engine is not primar- _
ily about shunting energy around as heat ]/’% ,
but about producing work from the dif- '
ference in temperature between hot
and cold ‘sources’. The modern view is

that internal energy is disorganised en- |
ergy, work done represents organised
energy. Heat engines convert internal en-
ergy in hot sources into work, but not 100%
efficiently. The underlying theory of en-

Fig. 5 Stirling’s en-
gine as drawn in
his patent of 1816
(republished in
THE ENGINEER in
1917, ref. 6)..
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gine efficiency was developed by Sadi Carnot a decade or so after Stirling’s first patent. Carnot
recognised that an engine always heats up its coolant, thereby ‘wasting’ some of the initial heat
energy. Carnot deduced that an engine’s efficiency necessarily depends on the temperature dif-
ference between its hot gas and its cold gas. The bigger the difference, the more efficient an en-
gine is in creating work from energy taken in as heat. This is equally true of the Stirling engine.

4. The indicator diagram

At the end of the 18th century, James Watt the famous steam engine developer had devel-
oped the indicator diagram to determine the amount of work done by an engine. This diagram is
a plot of the cylinder pressure against the volume of the working substance. Watt devised a meth-
od of making the engine produce its own diagram automatically. A pressure gauge connected to
the cylinder controlled the vertical movement of a pencil marking a sheet of paper and the cyclic
motion of the piston, which is proportional to the volume, controlled the horizontal movement of
the pencil. As the engine went through each cycle the pencil traced out a loop and the work sup-
plied was proportional to the area within the loop. It was ingenious, and based on sound physics.

Fig. 6 shows the indicator diagram commonly quoted for an ideal Stirling engine. This diagram
is a figment of textbooks. The perceptive J. Macquorn Rankine analysed the theory of thermody-
namic engines in an extensive paper of 18548 in which he discussed the re-
generator but he did not give a diagram for the ‘Pressurf

Stirling engine. It appears that it was over 50 years Fig. 6 The indica-
after Stirling described his engine before the first :gga‘i"ag:iar'l?nf°’ean":
theoretical analysis was given by Gustav Schmidt gine. The cgu,.ved
of the German Polytechnic Institute of Prague in lines represent
1871. Schmidt took the ideal cycle shown in Fig. changes at con-

. . . L. stant temperature.
6, assumed sinusoidal variations of the volumes P

and an adjustable phase difference between
the power piston and the regenerator. Even this
analysis is not trivial® but when done the results
don’t represent accurately a real Stirling engine. vnm.nlu
The ideal cycle of the diagram is ‘reversible’ and

therefore as efficient as an engine can be. The maximum efficiency of an en-

gine is achieved by a ‘Carnot engine’, the one analysed by Sadi Carnot. Efficiency is this context
is defined as the work provided by the engine divided by the heat extracted from the hot source.
The ideal Stirling engine has the same efficiency as a Carnot engine working between the same
temperature limits, though its changes in pressure and volume are different from the usually quoted
‘Carnot Cycle’. The real Stirling engine involves forcing the gas within it rapidly through the nar-
row channels of a heat exchanger. This process involves friction and is never going to be revers-
ible. Another problem with the Stirling engine is that all the gas inside isn’t at the same temperature
and pressure, making it more complex than a textbook idealisation. In real life Stirling engines usu-
ally can’t manage half the efficiency of the ideal engine1°. Robert Stirling didn’t design his engine
from any theory (there was no useful theory of engines in 1816): just an inspired idea supported
by his own mechanical experience. Of course theory can be useful but the over-simplification of
the Schmidt model rather distracts from what is happening in the real insides of a Stirling engine.

All that said, the indicator diagram is at least a raft in a sea of practical difficulties. Starting at
the top left and going round clockwise, the power stroke is provided by the expansion of hot gas,
during which heat is also taken in, ideally at constant temperature. The bottom line represents
the compression of the cold gas, during which some heat is given out to the coolant, again ide-
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ally at constant temperature. This compression uses up some but not all of the work generated by
the expansion and in practice is driven by the flywheel. The net result is that the work supplied by
the engine is represented by the area within the diagram, as usual. The vertical sections are the
least realistic parts, describing motion of the gas past the regenerator, ideally at constant volume.

One feature suggested by the ideal indicator diagram is that if the cylinder is filled with a gas at high
pressure instead of the ordinary atmospheric pressure that Stirling himself described initially, then a
change in pressure of say 60% during the cycle will result in a greater absolute change in pressure and
hence more work willbe done in each cycle. Modern Stirling engines favourthe use of gas at high pressure.
The Stirling engine may not live up to its ‘theoretical’ efficiency but with a high temperature provided by
solar energy, the Stirling engine coupled to an alternator can still produce electricity with greater efficien-
cy than a typical solar cell. This is one of the reasons Stirling engines are now being developed seriously.

With the indicator diagram still in view it is worth saying that when a Stirling cycle is driv-
en in reverse (i.e. anticlockwise round the diagram) by an external motor, the engine acts as
a heat pump or a refrigerator. Having no volatile refrigerant like ammonia or CFCs, it is envi-
ronmentally clean and can operate at temperatures down to liquid nitrogen (about 200° C).

5. The patent of 1827

Robert and his brother James submitted a new patent in 1827 that described in consider-
able detail a substantial Stiring engine that had been built under James Stirling’s guidance.
This contained several important developments. First, they placed the displacer and power pis-
ton in separate cylinders, as mentioned. This has come to be known as the alpha (a) configura-
tion. The 1816 geometry with displacer and piston in the same cylinder is the beta (B) version.
They took a leaf out of James Watt's book and made the engine ‘double acting’, meaning that it
produced power on both the upstroke and downstroke. Watt did this by valves; the Stirling’s by ar-
ranging two displacers, one to feed the foot of the power cylinder and one the top of it. They invert-
ed the design so that the hot ends of the displacers were underneath the machinery and they added
a compressed air pump so the air within could be increased in pressure to around 20 atmospheres.

All these were very intelligent developments and if their design had been as good in prac-
tice as on paper then the Stirling engine could have been a serious competitor to steam. It was
more efficient and hence more economical, and safer, an important point in an age when steam
boiler explosions and engine failures were common. James Stirling’s engine generated about
40 horsepower, enough to turn many machines in the foundry in Dundee that he managed.

It was James  Stirling himself who  found the big practical problem.

In the days before Bessemer’s steel, the cast iron available for the air vessel could not take red heat
for an extended period and burnt out. He was let down by the materials of the day. The Stirlings did submit
a third patent in 1840 (no. 8652) with technical improvements but Bessemer steel was still in the future.

| should perhaps have said earlier that the description ‘Stirling engine’ is a 20t centu-
ry name. In the 19th century the phrase ‘hot-air engine’ was used for both the Stirling engine and
others of different designs that used hot air to push a piston and then expelled the air through
a valve. The fact is, though, that you can look in a great many 19th century science and engi-
neering books and find nothing about Stirling’s engine, or other hot-air engines that came af-
terwards. It really was as late as the second half of the 20th century before Stirling engines be-
gan to receive the attention they deserved. | will continue the story in the next part of this article.
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Footnotes, including references
1. This comment is made in the 1876 Institution of Civil Engineers obituary for James Stirling,
published in Grace’s Guide to British Industrial History.

2. Robert Stirling’s Edinburgh first degree years are noted by his signature in the
enrolment book Edinburgh University Matriculation Roll, Arts Law and Divinity, Il, 1775-1810,
University Of Edinburgh Main Library, Special Collections.
He signed the original matriculation book in 1805-06 and in 1806-07.
The signature Robert Stirling in 1808-09 appears to be in a different hand.
‘Private’ students did not have to sign the register.

3. John Leslie An Experimental Inquiry into the Nature and Propagation of Heat J. Mawman,
London, 1804.

4. To go on to study Divinity, Robert Stirling notionally required an AM degree first but in his day
graduation was not popular, for it was a considerable expense over and above attending
courses. Alexander Grant in “The Story of the University of Edinburgh in its first 300 years”
vol. |, pp 281 — 282, (Longmans, Green, & Co., London 1884) describes how attendance at
specific courses in a Scottish University was accepted in lieu of an AM degree
(the predecessor of the MA).
Natural Philosophy was a required course. At the time, the University of Edinburgh
did not keep records of all attending their courses,
nor did the University of Glasgow that he would also attend.

5. Fasti Ecclesise Scoticanae, Ed. Hew Scott, vol. 3, p 40, Oliver & Boyd, Edinburgh, 1920.
It is stated here explicitly that he attended the University of Glasgow.

6. Stirling’s patent “Improvements for Diminishing the Consumption of Fuel, and in particular an
engine capable of being Applied to the Moving of Machinery on a Principle Entirely New”
is reproduced in Allan J. Organ, Thermodynamics and Gas Dynamics of
the Stirling Cycle Machine, appendix Al.2, pp288 — 293 (CUP, 1992).
The patent was actually granted in January 1817.
The patent can also be found, with illustrations, in THE ENGINEER, vol. 124, pp 516 — 517,
Dec. 1917 in an article marking its centenary.

7. The patent begins “All my Improvements for diminishing the consumption of fuel

consist of the different forms or modifications of a New Method, Contrivance,
or Mechanical arrangement for heating and cooling Liquids, Airs or Gasses,
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and other Bodies by the use of which Contrivance
Heat is abstracted from one portion of such liquids, airs, and other bodies and
communicated to another portion with very little loss...”.

8. William John Macquorn Rankine “On the geometrical representation of the expansive

action of heat, and the theory of thermodynamic engines”,
Phil Trans. Roy. Soc. Vol 144, pp 115 - 175, 1854.

9. The analysis can be found on this and related web pages. http://zigherzog.net/stirling/Drlz/
isothermal/Schmidt.html accessed 13/12/2015.

10.Several textbooks dealing solely with the Stirling Engine are devoted to both theoretical and
practical issues. One often quoted example is G. Walker “Stirling Cycle Machines”,
OUP 1973.
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About the
Romanian Chemist
Nicolae Teclu

Despre chimistul
roman Nicolae
Teclu

Nicolae Teclu (1839-1916) is very well-
known in Romania and the whole wide world
as a great chemist and inventor of labora-
tory equipment and measuring instruments

(Fig. 1 and Fig.2).

Fig. 1. Nicolae Teclu at 59 years old

Nicolae Teclu was born in Brasov, on 18th
October 1839. He followed the Secondary
School in his hometown, where he also attended
the high school and finally he graduated in Vien-
na. Then, he attended the courses at the Acade-
my of Fine Arts in MUnchen, and got a degree in
architecture in Berlin. Meanwhile, he also attend-
ed courses of engineering and general and ana-
lytical chemistry at Politechnic School in Vienna.

After getting his degree in 1863, he returned
to Brasov to work as a teacher. In 1868, at the
invitation of his teacher, Dr. Ludwig Boltzmann,
who recognized his exceptional qualities as
a teacher and chemist, Teclu returns to Vi-
enna as an assistant and then as professor of
General Chemistry at the Academy of Com-
merce, and later, as professor of the chemis-
try of Pigments at the Academy of Fine Arts .

As chemist, Nicolae Teclu is internationally
recognized due to one of its important inven-
tions — the “Teclu burner” , a laboratory appa-
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Nicolae Teclu (1839-1916) este cunoscut in
Romania si in lume ca mare chimist, inventatorde
aparate de laborator si instrumente de masurare

(Fig. 1).

Nicolae Teclu s-a nascut in Brasov

o

Fig. 2. Nicolae Teclu at 70 years old

la 18 octombrie 1839. Scoala generala
O urmeaza in orasul natal, unde Tincepe
apoi si liceul, pe care il termina la Viena.

Urmeaza sectia de Arhitectura la Academia
de Arte Frumoase din MUnchen si obtine licenta
in arhitectura la Berlin. In aceeasi perioada,
urmeza cursuri de inginerie si chimie generala
si analitica la Scoala Politehnica din Viena.

Dupa terminarea studiilor universitare 1in
1863, Nicolae Teclu activeaza ca profesor la
un gimnaziu din Brasov. In 1868, la invitatia
profesorului sau, dr. Ludwig Boltzmann, care fi
recunostea calitatile exceptionale de pedagog
si chimist, Teclu se intoarce la Viena, ca asist-
ent apoi ca profesor de chimie generala la Aca-
demia de Comert si ulterior, profesor de chimia
pigmentilor la Academia de Arte Frumoase.

Ca chimist, Nicolae Teclu este recunos-
cut international datorita uneia dintre marile
sale inventii: "becul de gaz Teclu” care es-
te un aparat de laborator pentru produc-




Fig. 3. Teclu burner

(4

ratus used for for produce an open flame (in
the atmosphere) with combustion gas heating
the laboratory chemical preparations (Fig. 3).

The Teclu burner is used today in chemistry
laboratories around the world and it is similar to
the Bunsen burner (Fig. 4), invented by Robert
Bunsen (1811-1899). The difference is that the
gas fueling the Teclu burner is controlled with a
conical shutter. Thus, a better mixture of the air
with the fuel gas is achieved, and, as a result,
the flame reaches temperatures above 15000C.

Fig. 4. Bunsen burner

Among his inventions, alongside about Teclu
burner we talked about, we also mention a se-
ries of laboratory glass appliances, such as elec-
trolysis device to obtain carbon dioxide (Fig. 5).

Using electricity, Nicolae Teclu built several
types of devices for water electrolysis (Fig. 6).

Fig. 4. 5. Device for obtaining carbon dioxide
Vas pentru obtinerea bioxidului de carbon

Fig. 5. 6. Device for water electrolysis
Aparat pentru electroliza apei

erea flacarii deschise (in atmosfera) cu un
gaz de combustie, utilizat pentru incalzirea
preparatelor chimice de laborator (Fig. 2).

Becul Teclu este folosit si astazi in
laboratoarele de chimie din lume si este
asemanator cu becul Bunsen (Fig. 3), in-
ventat de Robert Bunsen (1811-1899).

Deosebirea este ca reglarea admisiei com-
bustibilului la becul Teclu se face cu un obtura-
tor conic si, in felul acesta, se ob{ine un amestec
mai bun al aerului cu gazul combustibil, astfel
ca temperatura flacarii ajunge la peste 15000C.

Printre inventiile sale, alaturi de becul Teclu
despre care am vorbit, mentionam si o serie de
aparate de laborator din sticla, cum este vasul
pentru obtinerea bioxidului de carbon (Fig. 4).

Folosind curentul
lae Teclu a construit mai
aparate pentru

electric, Nico-
multe tipuri de
electroliza apei (Fig. 5).

Pentru a se evita explozia gazu-
lui grizu (amestec de metan si aer), Tec-
lu a conceput si realizat un aparat pen-
tru masurarea compozitiei aerului din mina.

De asemenea, pentru obtinerea ozonului
utilizat la sterilizarea produselor, Nicolae Tec-
lu a realizat mai multe tipuri de ozonizatoare

(Fig. 6).
Lucrarile importante de cerc-
etare ale Iui Nicolae Teclu cuprind:

» Studii de rezistenta a hartiei si a fibrelor
lemnoase;

* Producerea de uleiuri si pigmenti
minerali utilizati Tn arta;

»  Studii privind combustia controlata a

gazelor.
Nicolae Teclu a fost cel dintai
care a demonstrat posibilitatea cit-
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To avoid explosion of firedamp (mixture of
methane and air), Teclu has conceived and built
a device for measuring the mine air composition.

Fig. 6. Devices for ozone producing,
designed by Nicolae Teclu
Fig. 6. Ozonizatoare concepute
de Nicolae Teclu

The major researches of Nicolae Teclu

include:

« Studies regarding the strength of paper

and wood fibers;

* Production of oil and mineral pigments

used in art;

+ Studies on the controlled combustion of

gases.

Nicolae Teclu was the first to dem-
onstrate the posibility of reading
the writings on the charred papers.

For his merits, Nicolae Teclu was elected
member of the Romanian Academy in 1878.

Today, his name is carried by more than 15
high schools of chemistry from Romania, and
there is an Romanian Academy Award named
“Nicolae Teclu” granted for researches in chem-
istry. Appliances and his inventions have pen-
etrated in all chemistry laboratories of the world.

Iconography
Fig.1: http://noema.crifst.ro/nr15en.php
Fig.2: http://www.sciencedirect.com/
science/article/pii/0039914083800356
Fig.3: http://www.turbosquid.com/3d-
models/3d-model-bunsen-
burner/637326
Fig.4, Fig. 5: Macarovici C.Gh., Schmidt
G., Nicolae Teclu, Bucuresti,
Editura Stiintifica, 1971

Fig.6: http://canov.jergym.cz/nadobi/kahany/
teclu.htm

History of Science and Technology

irii  inscrisurilor de pe hartile carbonizate.

Pentru meritele sale, Nicolae Teclu a fost ales
membru al Academiei Romane in anul 1878.

Astazi, numele sau este purtat de pes-
te 15 licee cu profil de chimie din Romania
si exista un premiu al Academiei Romane
intitulat  ,Nicolae Teclu” care se acorda
pentru cercetari in  domeniul chimiei.

Aparatele si inventiile sale au patruns in
mai toate laboratoarele de chimie din lume.
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Crystals
in
Plants

By the term crystals we define the or-
ganic or mineral deposits (mainly salts)
in crystalline form. Crystalline inclusions
have been observed both in animals and
plants organisms. In plants, however, the

crystals mainly perform a functional role.

The crystals are classified in the fol-
lowing three categories depend-
ing on the compound contained:

e Calcium oxalate crystals

e Crystalline or amorphous calcium car-
bonate (cystoliths)

e Crystalline or amorphous silicaor silica-
oxides (phytoliths)

1. Calcium oxalate crystals
Calcium oxalate crystals can be found in
more than 250 plant families. Their presence in
plants was first written down in 1675 by Leeu-
wenhoek, a Dutch scientist who observed
them using an optical microscope. It has been
observed that plants can accumulate crystals
at a rate of 3-80% of their dry weight in almost
all their organs and tissues. In fact, the amount
of calcium deposited in the crystals can be up
to 90% of the plant’s total calcium amount.
They are a compound of calcium cations
and oxalic acid, a common byproduct of pho-
tosynthesis. They can be found in epider-
mal and subdermal cells, in the cell walls or in
the vacuoles of specialized cells called idio-
blasts located mainly in the mesophyll (Fig. 1).
The function of the idioblasts is of great
interest, since they can handle and ac-
cumulate large amounts of calcium.
Depending on their shape and size,
calcium oxalate crystals are classi-
fied in the following categories (Fig. 2):
e Raphides: Elongated and thin needle-
shaped crystals.
e Styloids: Crystals with pointed ends and

their length is at least four times their width.

KpuoTaAAol
HECO
oTa PUTA

Me Tov Opo KpUOTaAAOI TTEPIYPAPOVTAI
Ol EVOTTOBECEISC OpPYavIKWY 1 avopyavwy
OUOCTATIKWV (Kupiwg aAGTWV) o€
KPUOTAAAIKRy  popery. OTrwg  oToug  {wikoug
opYyavIiIoOuoUG £TO1 KAl OTOUG QUTIKOUG €XOUV
TTapaTnEnOEi KPUOTOAAIKG €YKAgl0TQ.
210 QUTA, OPWG, Ol KpuoTaAAol €xouv
Kupiwg AgitoupyikG poAo. Or1  KpuoTaAAol
Tagivopouvtal  OTIG  €ENG  TPEIG  KATNYOPIES
avdloya MdE TNV £EVWOn TIOU  TTEPIEXOUV:

e KpuaoTtaAAol o&aAikoU aoBeaTiou

e KpuoTaAAiké 1 dpoppo  avBpaKIKo
aoBéoTio (KUOTOAIBOI)
e KpuoTaAAIKO  TTUPITIO n apopea

owpaTidla o&e1diwv Tou TTUPITIOU (PUTOAIBOI)

Cuticle _ o -

Fig. 1: Mesofyll structure. The inner section of the
leaf between the upper and lower surface whith pho-
tosynthesising cells (palisade and spongy cells)

Eik. 1: Aopr) peoo@UANou. Tour ECWTEPIKOU TOU
@UAOU PeTalU TNG Avw Kal TNG KATW ETTIPAVEIAG PE
TA QWTOOUVOETIKA KUTTapA (KUTTapa GTTOYYWOOUG Kal
OPUPPOKTOEIBOUG TTAPEYXUNATOG).

1. KpuoTtaAAol o§aAikoU aofeoTtiou

O1 kpuoTaAAol OEaAIKOU aoBeoTiou

ey@avifovrtal  oe  TTEPICOOTEPEG  aTmod 250
QUTIKEG OIKoyéveleg. H UtTapén Toug ota @Qutd
KaTaypa@nKe yia TTpwTtn @opd 10 1675 atmod
Tov. OA\avd6 Leeuwenhoek, o otroiog Toug
TapatApnoe ME TN XPrion atrAou OTITIKOU
MIKpookoTTiou. 'Exel TTapatnpnBei Twg 1a QuUTA
MTTOPEl VO OUCOWPEUOUV TOUG KPUOTAAAOUG
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Micrographs of isolated calcium oxalate crystals by SEM.

A: Single raphide bundle of Psychotria punctata (Rubiaceae).

B: Leafe raphide crystal bundle of Psychotria punctata.

C: Styloid crystal from leaf spongy mesofyll of Peperomia (Piperaceae).
D: Druse crystal from leaf of Opuntia (Cactaceae).

E: Crystal sand from petiole of Nicotiana glauca (Solanaceae).

F: Prismatic crystals from leaf of Begonia (Begoniaceae).

G: Aggregate crystal complex from leaf spongy mesofyll of Peperomia
astrid (Piperaceae). All line scales equal 5 pm.

Mikpo@wToypa@ieg peEPOVWHEVWY KPUOTAAwWY ofaAikoU acfeaTiou atmd HMZ.

== A Mia pa@ida até d€aun Tou @uTtou Psychotria punctata (Rubiaceae).

B: Aéoun pa@idwv @UAAou Tou Psychotria punctata.

C: Z1uMNo€IdRG KPUOTAANOG OTTOYYWOOUG TTOPEYXUUOTOG HETOPUAAOU TOU

Peperomia (Piperaceae).

D: ApoUoa @UAou Tou Opuntia (Cactaceae).

E: KpuoTaAAIKr dupog ato pioxo Tou Nicotiana glauca (Solanaceae).

F:Mpiopatikoi kpuataAlol @UAANou Biykoviag (Begoniaceae).

G:A0TEPOEIBEG CUOOCWUATWHA CUUPUWY KPUGTAAAWV OTTOYYWAOUG
TTapeyxupatog peco@UANou Tou Peperomia astrid (Piperaceae).

H KAipaka OAwv Twv ypappwy, TTOU ATTEIKOVICovTal avTIOTOIXEI O€ Sum

oe 1TooooTd 3-80% TOU Enpou Toug PBdpoug
oe OAa oOxedOv Ta Opyava Kal TOUG 10TOUG.
Md&Aiota, n To0d0TNTO QOCBECTiOU  TTOU
EVOATTOTIBETAI OTOUG KPUOTAAAOUG MTTOPEl va
@Bdoel kal To 90% Tou cuvoAikou Ca Tou QuTOU.
2xnuaridovtar atmmé TNV €vwon KaTIOVTwWV
acfeoTiou pe TO OCAAIKO 0E&U, TTOPATTPOIOV
™G QWTooUVOEONG. ZuvavTwvTal O€ TPIXEG,
oTa  €MOEPUIKA Kal  UTTOBEPMPIKG  KUTTOPQ,
OTa  KUTTOPIKA TOIXWHOTA 1 OTA  XUMOTOTTIO
eCeIdIKEUPEVWY  KUTTAPWY, TIoU ovouadlovTal
IDIOBAGOTEG KOl PBpiokovTal  Kupiwg OTnV
TTEPIOXN] TOU HPECOPUAAOU (Bik. 1). H
AgITOUpyia TWV KUTTAPWV auTWV TTapouciAdel
ECAIPETIKO  evOIQPEPOV, aAPOU  dIaKIVOUV  Kal
OUOOWPEUOUV  JeydAa  TT00G  aofeoTiou.
AvdaAoya pe 1o gEyeBOG Kal TO OXAMA TOUG

, )
Fig. 3: Electron microscope image of a druse
(green arrows) and crystal sand (red arrows)
in adult amaranth leaf
Eik. 3: wToypagia atmmd nAeEKTPOVIKO
MIKPOOKOTTIO piag dpouaag (Trpdaoiva BEAN) kal
KPUOTOAAIKAG GupOU (KOKKIVA BEAN) O€ WPIKO

@UAAO BARTOU.
Ol KpuoTaAAol dlakpivovTal OTIG €EMNG KATNYOPIES
e Druses (Fig. 3): Aggregates of (Ek.2):
individual  crystals  consisting of nu- o Pa@ideg : ETTIPNAKEIG, AETTTOI Kal
merous  prism or pyramid  crystals. BeAovoeldeig KpuoTaAAOI
e Prismatic crystals: rhombohedral or octa- e >TnAocideic: KpUoTaAAOI HE HUTEPEG

hedral crystals that vary in size. ATTOANEEIC KAl HAKOG TOUAGXIOTOV

e Crystal sand: A mass of thin solid micro
crystals that are dispersed in the cells giving
them a sandy texture.

Various hypotheses have been formulated

History of Science and Technology

TECOEPIG POPEG HEYOAUTEPO
atro 1O TTAGTOG.
Botpuduop@oi-dpouoeg (EIk. 3):
2UvBeTol KPUOTAAAOI
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about the physiological function of crystals in
plants though none is scientifically completely
verified. According to the main hypothesis the
crystals are used as calcium depositories for fu-
ture need of the plants. This concept has been
reinforced by the observation that some crystals
seem to be absorbed by the plant on occasions
of calcium deficiency. Also, it is assumed that
the crystals constitute a fundamental defense
mechanism against herbivorous animals and phy-
topathogenic fungi. Their presence may automati-
cally injure herbivorous animals or cause dam-
age to their kidneys or kill phytopathogenic fungi
by their degradation and release of oxalic acid.

The oxalic acid is considered to be a by-
product of metabolism and especially toxic for
the plant. Consequently, the formation of ox-
alic calcium crystals may be used as a means
of oxalic acid inactivation. Furthermore, they
may contribute to the inactivation of heavy met-
als and aluminum. Finally, it is assumed that in
certain plant species that the crystals may con-
tribute to light diffusion in the plant cells and,
therefore, to more effective light scattering from
the photosynthetically less efficient upper layer
to the photosynthetically more efficient lower
layers of the photosynthetic tissue (Fig. 4).

Upper
oMo
Light
sdturated
Light
deficient

1004 m—

Fig. 4: Schematic mesofyll display il-
lustrates how light is scattered from the
crystals of upper mesophyll cells (scat-
terers) to the lower mesophyll. The flux
through the tissue is effective if a cone
of approximately 60° is formed.

Eik. 4: Zxnuatikn TapdoTtacn HECOPUAAOU.
daiveral TTWG TO WG oKedALeTAI OTTO

TOUG KPUOTAAAOUG TWV KUTTAPWYV TOU
AVWTEPOU PHECOPUANOU (OKEDQOTEG)

TTPOG TO KATWTEPO HECOPUAAO. H pony
MEOW TWV IOTWV Eival IKAVOTTOINTIKA av O
oxnuaTiOuEVOG KWwVOg gival Trepitrou 60°.

(ouvdlaBAaocTavoVTEG) ATTOTEAOUUEVOI
atré TTOAUAPIBUOUG TTPICHATOEIBEIC
TTUPAUIDOEIDEIG KPUOTAAAOUG.

e [lIpioparikoi: Poupoedpikoi | OKTAEDPIKOI
KPUOTAAAOI TTOU TTOIKIAOUV O€ PEYEDOG.

o KpuoTaAAIKH QUPOG: HAZO AETTTWV
OUNTTAYWV PIKPO-KPUOTAAAWY TTOU €ival
SIaOKOPTTIOPEVOI OTA KUTTAPA BivOvTAg
TOUG AP PwWdN UPn).

® 2 PaIPITEG: ZPAIPIKOi KOUOGTAAAOI, TTOU
OUYKPOTOUV OUADEG KAl £XOUV OXETIKA
Agia emi@avela.

Av Kal Kapia dgv gival €TTIOTNPOVIKA TTARPWGS
amodedelyuévn, OlAQopeg  UTTOBECEIG  £XOuV
dIaTUTTWOEI yIa TNV QUOIOAOYIKI) onuacia Twv
KPUOTAAAWV  OTOUG  QUTIKOUG  OpYyavIOHOUG.
ApXIKd, ol KpUOTAAAOI UTTOPEI va XPNOIKNEUOUV
WG atmobnkeg aofeoTiou yia TIG MEANOVTIKEG
avdAaykeg Tou @uTou. H datroywn autr evioyUeTal
ammdé TNV Trapathpnon o1l KATToIol KPUOTAAAOI
QaiveETal va OTTOPPOPWVTAl ATTO TO @QUTO OfF
KataoTaoelg  €AAeiyng aofeoTtiou.  EikaleTal
€TTioNG 0TI 01 KPUOoTaAAOI atToTEAOUV évav Bacikd
MNXQVIOPO  Auuvag €vavtl QUTOQAYwvY  (Wwv
Kal  @uToTTaBoyovwy MUKATWY. H  TTapoucia
TOUG MTTOpEl va  Tpaupatifel PNXavika Ta
putopdaya dwa 1 va TIpoKaAei BAABeg oTa
VEQPA TOUG, &VW ME Tnv ammodouncn Toug
Kal Tnv atreAeuBépwon ofaAikoUu 0&Eog va
OKOTWVOUV TOUG (QUTOTTABOYOVOUG  PUKNTEG.

To o&aAIkO 0&U Bewpeital £va TTAPATTPOIOV
Tou MeTABOAICHOU  Kai 18IaiTEpa  TOEIKO  yIa
TO @uTO. Katd ouvétrela, O OXNUATIONOG
KPUOTAAAWV  ofaAlkou  acPeoTiou  ptTOpEi
va Xpnolyevel wg PEoO adpavotroinong Tou
0&AAIKOU 0gE€WG. OPOoIWG PTTOPET VO CUVEICPEPEI
oTnv adpavotroinon Twv Papéwv HETAAWYV
Kal Tou apylAiou. TéAog, Ot oplopéva €idn
QUTWV €IKAZeTal OTI OI KPUOTAAAOI UTTOPEl va
OUMBA&AAouv oTn BiIdxuon Kal KATA OUVETTEIQ
TNV ATTOTEAECMPATIKOTEPN OIAdOCN TOU QWTOG
atmmd TIG QVWTEPEG PWTOOUVOETIKA aTTOOOTIKEG
OTIC  KATWTEPEG  AIYOTEPO aTTOOO0TIKEG
oTIBAdeG Tou QWTOCUVBETIKOU 10TOU. (EIK. 4).

Bpiokovtal oe ouvlnkeg EAAEIWNG AvBpaka,
yia TTapddeiypya 6tav Ta oTOPATA €ival KAEIOTA
Kata 1n Oidpkela TNG nUEPAS AOYyw avTigowv
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Agricultural University of Athens, crystals
are a fundamental survival mechanism. In car-
bon deficiency conditions, for example when
the stomata are closed during daytime due to
inclement weather conditions, the dissolution of
oxalate and carbonate calcium could supply the
necessary CO2 for the function of photosynthe-
sis without having the stomata open ensuring in
this way its maintenance of water. Afterwards, in
optimal conditions or during the night when the
photosynthesis is not in function, the “command”
for the crystals to be reformed could be given.

We conclude that there are various func-
tions attributed to the calcium oxalate crys-
tals. Each role does not necessarily ban the
other, especially if we take into consideration
the vast variety in the shape and size of the
crystals and the morphology of idioblasts.

2. Cystoliths

In members of some plant families a deposi-
tionofamorphous calciumcarbonateisobserved.

This salt is deposited either in the cell
walls or in specialized cells called lithocysts.

Lithocysts are bulky idioblasts
cells, in which calcium carbonate s
deposited in the form of cystoliths.

Cystoliths are also formed in some plants
of agricultural interest, such as the mulberry,
the fig tree and Parietaria Judaica (Fig. 5).

The formation of the crystals depends on a
number of factors, such as the nutritional status
of the plant tissue, the age of the plant, calci-
um sufficiency, the light intensity as well as the
time of day (in terms of temperature change).

It is known that in young plant tissues
both the number and the density of the crys-
tals are high, because there is a greater need
for protection than in a mature plant tissue.

It is worth mentioning that the crystal
size (and not how many they are) seems to
vary from day to night , as it is reduced dur-
ing daytime and increase during the night.

History of Science and Technology

TTEPIBAAAOVTIKWV
TOU OZaAIkoU aofecTiou Ba pTTopoloe va

ouvlnkwyv, n OdidoTaon
mpopnBeloel 1o amapaitnto CO2 vyia Tnv
AeiToupyia NG QwTOOUVBEONG  XWPIG  va
XPEIAOTEI va avoifouv Ta OTOMOTA KAl KOTA
OUVETTEIO va UTTApEel ammwAeia vepou.  2Tn
OUVEXEIQ, OTaV Ol OUVOAKEG yivouv KATAAANAEG N
KaTd Tn SIAPKEIQ TNG VUXTAG TTOU OEV AEITOUPYEI
n oewrtoolvOeon, Ba pmopolce va ©600¢i n
CEVTOAN» E€TTAVOdNMIOUPYIOG TWV KPUOTAAAWV.

JUPTTEPAiVOUPE  OTI  UTTAPXOUV  TTOIKIAEG
AeiToupyieg TTou atrodidovTal TOUG KPUOTAAAOUG
ofaAikoU acoBeoTtiou. Puoikd kaBe poOAog dev
aTTOKAEIEl avayKaoTIKa €vav dAAo, €IdIK& av
AdBoupe utOWn pag TNV TEPACTIA TTOIKIAIG
OTO OXAMA Kal OTO PEYEBOG TWV KPUOTAAAWYV
Kal  oTn  gop@oAoyia  Twv  1I8I0BAACTWYV

2. KuoTtbAifol

2€ MEAN KATTOIWV  QUTIKWYV OIKOYEVEIWV
TapATNPEEITAl N €vaTTOBe0n  KPUOTAAAIKOU
n duopgou avBpakikou oaofBecTiou. To
GAag autd evaTroTiOETOI €iTE OTA  KUTTAPIKA
TOIXWHATA TWV KUTTAPWYV E€iTE OE €CEIBIKEUPEVQ

KUTTapa  T1Tou  ovopdadlovtal  AIBOKUOTEIG.
O ANIBokUOTEIG atroTeAouv oyKkwon
1I016BAaoTa KUTTOPQ, oTa oTToia

TIPAYUATOTTOIEITAI N evaTTO0E0N TOU AVOPAKIKOU
acPeocTiou  ME TN MOP®R  KUGTOAIBwv.

KuoTéAiBol oxnuaTidovtal Kal O€ OpPIoHEVA
QUTA  YEWpPYIKOU  evOIAQEPOVTOG, OTTWG N
Moupid, n oukid kai To TEPdIKAKI (EIK. 5).

Fig. 5: Cystolith in lithocyst in a faded adult
leaf of Parietaria judaica (use of multifocal
lens)

Eik. 5: KuoTtoAiBog péoa o€ AiBokuoTn o€
ATTOXPWHATIOPEVO WPIKO QUAANO Parietaria
judaica (TTOAUECTIOKN QWTOYPAQION).




3. Phytoliths

In certain plant species silica particles are
formed in a crystalline or amorphous type.
Though they are less frequent, there is impor-
tant indication, that one significant function
of them is the protection of plants against her-
bivorous animals or phytopathogenic fungi.

Phytoliths are useful diagnostic tools in ar-
chaeology and palaeobotany. Since their for-
mation is genetically controlled they are used
as a taxonomical feature because they remain
in soil unchanged for many million years.

Its easy for a plant to be recognised by
the shape and size of phytoliths (Fig. 6). By
examining the different features of phytoliths,
we configurate a picture about the vegetation
of the era examined and date back the fossils.

Fig. 6: Phytoliths in plant epider-
mis (X-ray picture, Cheng, 1989)
Eik. 6: ®utoAiBol o€ eTideppida
@uToU (PwToypaQia akTivwv-X,
Cheng, 1989).
4. History
Since the first observation of crystal by
Leeuwenhoek in 1675 till now, the crystal
findings within plants have followed the evo-
lution of the capabilities of microscopes.
Till 1864 raphides and other crystals had
already been observed in many plant fami-

lies as Vitaceae, Zygophyllaceae, Melas-
tomaceae, Passifloraceae, Compositae,
Oleaceae, Orchidaceae, Iridaceae, Amaryl-

lidaceae and others. Gradually more and more

@) OXNUOTIONOG
ETTNPEEAZETAI ATTO HIa OEIPA TTAPAYOVTWYV OTTWG
N VEVIK OPETTIKA KATACTOON TOU (QPUTIKOU
I0TOU, N nAKKia TOUu @uUTOU, n E€TTAPKEIQ OF
aoB€0TIO, N €VTOON TNG QWTEIVAG OKTIVOBOAIAG

TWV KPUOTAAAWV

Kal n  wpa TG nuépag (Bepuokpacia).

Eivai yvwotd 611 0g veapoug @UTIKOUG
I0TOUG TOOO O apIBUOG GCO0 Kal N TTUKVOTNTA
TWV  KPUOTAANwvV  €ivar  augnuéva, Kabwg
UTTAPXEI avaykn yia TTEPIOOOTEPN
TpooTacia  arm 0Tl O0g  €vav  WPIYO.

AfiCel va onueiwBei o1 TOo pEyeBOG Twv
KPUOTAAwV (Ox1 o apiBudg) @aivetar va
TTapouoIadel NUEPOVUKTIO dlakuuavaon,
KaBwg pelwveTal Katd Tn OIAPKEIA TNG MEPAG

Kal au&avetalr katd tn OIdpKEId TNG VUXTOG.

4. loTopikd ZToIxEia
ATIé TNV TTPWTN TTOPATAPNON KPUOTAAAOU

amé Tov Leeuwenhoek T0 1675 uéxpl
OAMEPA, Ta €UpPAMATA KPUOTAAAWYV HEéoa
oTa  QUTA €xouv akoAouBnoelr Tnv €egENIEN

TWV duvaToTHTWV TWV MIKPOOKOTTIWV.

Méxpr 10 1864, pa@ideg kal GAAol TUTTOI
KPUOTAAAwV éxouv ndn mrapartnenBei péoa oe
TTOMEG OIKOyéveleG QUTWYV OTTwG ol Vitaceae,
Zygophyllaceae, Melastomaceae, Passiflo-
raceae, Compositae, Oleaceae, Orchida-
ceae, lIridaceae, Amaryllidaceae kai GAAeG.
2TadIaKA KaTtaypa@ovTav OAo Kal TTEPICOOTEPA
€idn @utwv, TIOU TTEPIEIXAV  KPUOTAAAOUG
dla@opwyv  TUTTWV Ot  dldpopeg  BEoelc.

H xprion Twv NAEKTPOVIKWYV HIKPOOKOTTIWV
amekdAuwe TNV TPIodIAOTATn  dOpR  TwV
KPUOTOAAIKWV OUCOWUATWHATWYV n
MOVOKPUOTAAAWV, AETTTOUEPEIEG ™G
EM@PAVEIAG  TOUG KOl TNV XNUIKA  TOUG
ooun ME MIKpoavAaAuon AKTiVwV-X.

To TPWTOTUTTO NAEKTPOVIKO MPIKPOOKOTTIO
pe duvardotnta va peyebuver 400  @opég
KaTaokeudoBnke  TO 1931. To 1939
KOTOOKEUAOTNKE TO NAEKTPOVIKO MIKPOOKOTTIO
dieAevocewg (HMA) aomdé 1n  Siemens. To
HMA pe Oduvatétnta  ueyéBuvong  duo
EKATOPUUPIO @OpEG Oev gival KATAAANAO yia
TTAPATAPNON KPUOTAAWYV  @QUTWV €TTEIdR N
TTPOETOIJACIA TOU OEiYUATOG QTTAITEl  AETTTEQ
TOMEG Kal kaBioTtavrar SUOKOAEG AOYyw Tng
OKANPOTNTAG TWV KPUOTAAAWYV. TO NAEKTPOVIKO
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plant species were written down as contain-
ing crystals of various types at certain sites.

Using electron microscopes the 3D structure
of crystal aggregates or monocrystals was re-
vealed as well as details of their surface and also
the chemical structure by X-Ray microanalysis.

The prototype electron microscope was con-
structed in 1931, capable of four-hundred-power
magnification. In 1939 a transmission electron
microscope (TEM) was produced by Siemens.

The transmission electron microscope,
capable of two million-power magnification,
is not suitable for observation of crystals in
plants because the specimen preparation re-
quires thin sections and it turns difficult to be
cut because of the crystal hardness. The im-
age resolution of a scanning electron micro-
scope (SEM) is at least an order of magnitude
poorer than that of a TEM. However, SEM can
produce images that are good representations
of the three-dimensional shape of the sample.

Some types of detectors used in SEM have
analytical capabilities, and can provide several
items of data as the Energy-dispersive X-ray
spectroscopy (EDS) detectors used in elemental
analysis (we use them for crystal microanalysis).
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leaves function as Adv.
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(10),
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MIKPOOKOTTIO
OIOKPITIKN

capwoewg  (HMZ)
IKOVOTNTA  TOUAQXIOTOV

X
Mia
TaEN peyEBoug piIkpOTEPN. EVv TOUTOIG divel
KAAEG TPIOBIAOTATEG QAVATTAPAOTACEIG TOU
TpIodIAOTATOU OXAMATOG TOou  OgiypaTod.
Mepikoi avixveuTég, TTOU XPNOIUOTTIOIOUVTAI
ota HMZ €xouv duvardtnteg avAaAuong,

OTTWG Ol  QVIXVEUTEG  QACHPATOOKOTTIOG
akTivwv-X, TTou  XpnolgoTtrolouvtal  yia
OTOIXEIOKN avAAuon (Toug XPNnOIUOTTOIoUUE
yla TNV HIKPOAVAAUCH TWwV KPUOTAAAWV).
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Liceo E. Boggio Lera Catania, Italy

FUN PAGE

THE STARS CROSSWORD

by Simone Giusti

1.  Mother star of solar system.

2. The brightest star in the night sky.

3. The Most luminous star in the Orion constellation.

4. Astar system consisting of three components, the constellation of
Southern Cross.

5. Itis in the southern constellation of centaurus.

6.  The third brightest star in the constellation of the Southern Cross
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The Labyrinth
Complete the labyrinth

by Diego Trapani
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Enrico Boggio Lera Catania, ltaly

FUN PAGE

Wordcross

by Edoardo Lo Presti

.“.-. I . : I
: .I

1) Which process is stopped by chemotherapy?
2) Ag in the Periodic Table.

3) What are the organs of visual sense? Axeles (2
4) Not mammal Animals, as fish, birds and reptilians. s181 (9
5) It is one of the potentlal dangerous Italian volcano. sniAnseA (g
6) A constellation is made by .. snedino (v
; 7) Milky Way is our . sof3 (g
anIIS (2

SISONIA ()
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FUN PAGE

WordCage

N

CI0006E000
(X0 (PR MT(ULS)

*
-f

Are you able to find the names of the elements below?

Li, H, Ar, Na, Cs, Au, He

And are you able to find the symbols of Manganese, Silicon, Germanium,
Rhodium and Yttrium?
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Diego Traani
dieo. traani99@mail.com

Liceo Statale “E. Boggio Lera,” Catania, Italy

The Sicily
earthquake of
January 11* 1693

Introduction

Sicily is almost entirely seismic area, and
over the centuries until today there have
been many earthquakes, some very power-
ful and dangerous others of lesser intensity.
In 1693 there was one of the most devastat-
ing earthquakes in the last 1,000 years, as
for the damage caused and the number of
casualties, and one of the most destructive
earthquakes of the Italian seismic history.

The earthquake affected in almost whole Sic-
ily but it particularly hit the southeast coast of
the island causing enormous damage and gain-
ing the name of “earthquake of the Noto valley”

Objective

To find out the rate of damage caused by
the 1693 earthquake, and the techniques
available today to deal with an earthquake.

o

Fig. 1. Map of areas affected by the 1693
earthquake

Fig. 1. Mappa delle zone colpite dal terre-
moto del 1693

Results

The earthquake strucked a vast territory, in
a violent form, hitting the south-eastern Sicily
with two powerful shocks occurred in two days’
time. The first earthquake was on 9" January
1693 with an intensity that reached 8-9 degrees
the Mercalli scale. The damage was serious

Terremoto 11
Gennaio 1693 nella
Sicilia orientale

Introduzione

La Sicilia € quasi interamente una zona sis-
mica e, nel corso degli anni, fino ad oggi i ter-
remoti sono stati parecchi, alcuni molto potenti
e pericolosi altri di minore intensita. Nel 1693
la Sicilia fu colpita da uno dei terremoti piu forti
che si sia mai verificato nel corso degli ultimi
1.000 anni e, per il danno fatto e per le numer-
ose perdite di vite umane, € uno dei terremoti
piu distruttivi della storia sismica italiana. Il ter-
remoto interessd quasi tutta la Sicilia, ma la
costa sud-est dell’isola & stata coinvolta in modo
particolare, ed & stato proprio in questa zona
che sono stati riscontrati piu danni e per questo
prese il nome di “terremoto del Val di Noto “.

Obiettivo

Capire quanti danni si sono riscontrati con il
terremoto del 1693, e vedere che tecniche ab-
biamo oggi per affrontare un terremoto di alta
intesita.

Risultati

Il terremoto ha colpito un vasto territorio, ed
€ apparso in una forma violenta, colpendo la Si-
cilia sud-orientale, con due potenti scosse regis-
trate alla distanza di due giorni. La prima scossa
é stata il 9 gennaio 1693, con un’intensita che
ha raggiunto 8-9 gradi della scala Mercalli. I
danno fu molto grave in citta come Augusta,
Avola, Noto (I'attuale Noto Antica), Floridia,
Melilli, dove molti edifici crollarono. Gravi danni
ed il crollo di palazzi interessd0 anche Catania
e Lentini. Molti palazzi e case, nonché chiese
e monumenti, a Catania, gia gravemente dan-
neggiate dall’eruzione distruttivo del 1669,
andarono distrutti provocando la morte di nu-
merose persone. A Siracusa molti edifici furono
danneggiati, ma il danno complessivo era meno
grave rispetto a Catania. La scossa é stata av-
vertita con forza, ma senza danni, a Messina
e Malta, e significativamente fino a Palermo.
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in cities such as Augusta, Avola, Noto (the pres-
ent Ancient Noto), Floridia, Melilli, where many
buildings collapsed. Serious damage and col-
lapse also affected Catania and Lentini. Many
buildings and houses as well as churches and
monuments, in Catania, already seriously dam-
aged by the destructive eruption of 1669, suf-
fered widespread damage, some private houses
collapsed, killing 16 people. In Syracuse more
buildings were damaged, some were in dan-
ger, but overall damage was less severe than
in Catania. The quake was intensity high, but
without damage, in Messina and Malta, and
significantly up in Palermo. The second shock
came after two days on 11" January 1693 and
was more powerful, causing catastrophic ef-
fects. The enormous severity of these effects
was also due to the overlapping of two shocks.
Moreover the area affected by the second
earthquake was much larger than the previous
one, so many villages, that had escaped the
violence of the first earthquake, suffered major
damage or a total collapse. Suffice it to say that
the most severely damage area extended over
a vast area of over 14,000 square kilometers,
which was completely devastated. The entire
eastern Sicily was seriously affected. Collapse
and severe damage occurred to Messina and
to the Tyrrhenian coast to the north, and up to
Malta to the south. Widespread and significant
damage was found in Reggio Calabria, Agri-
gento and even in Palermo, located more than
150 km from the epicenter. Lighter damage oc-
curred to the Aeolian Islands and in some cen-
ters of the villages and southern Calabria. The
strongest effects, however, were those of the
tsunami. The quake on 11" January caused tsu-
nami waves that swept several resorts on the
east coast of Sicily, from Messina to Syracuse.
The most severe effects occurred at Augusta,
where the tsunami wave reached the height of
30 cubits (about 15 meters) damaging the gal-
leys of the Knights of Malta and the flooding of
the city overlooking the harbor in Catania. The
sea first retired from the beach for a few tens of
meters, dragging some boats anchored near the
shore. Then, it hit back the coast violently, with
2 meter high waves, which flooded inland up to
Piazza San Filippo (currently Piazza Mazzini).

The seismic period was very long, in fact,

History of Science and Technology

La seconda scossa arrivo dopo due giorni
ovvero I'11 gennaio 1693 e delle due fu la piu
potente, causando danni veramente catastrofici.
L'enorme gravita di questi effetti si sovrappose
con quelli della scossa del 9 gennaio. E anche
vero che I'area interessata fu molto piu grande
di quella colpita dal primo terremoto, tanto che
molti luoghi che furono stati solo leggermente,
o per niente, danneggiati il 9 gennaio, vennero
distrutti completamente. Basti dire che l'unica
area piu danneggiata si estendeva su una vasta
area di oltre 14.000 chilometri quadrati, che fu
completamente devastato. Tutta la Sicilia ori-
entale & stata seriamente compromessa. Gravi
danni si sono verificati da Messina e dalla costa
tirrenica, fino a Malta. Danni diffusi ma di poca
significativita sono stati registrati a Reggio Cal-
abria, Agrigento e anche a Palermo, nonostante
I'epicentro fosse a piu di 150 km di distanza.
Danni piu leggeri si verificarono nelle Isole Eo-
lie e in alcuni centri della Calabria centrale e
meridionale. Gli effetti piu forti, pero, sono stati
dovuti al successivo tsunami. Il sisma dell’11
gennaio, infatti, generd onde di tsunami che
spazzarono via diversi villaggi sulla costa ori-
entale della Sicilia, da Messina a Siracusa. Gli
effetti piu gravi si sono verificati ad Augusta,
dove I'onda dello tsunami raggiunse l'altezza di
30 cubiti (circa 15 metri) danneggiando la gal-
era dei Cavalieri di Malta e 'allagamento della
citta con vista sul porto. A Catania, il mare prima
si ritird dalla spiaggia per alcune decine di metri
trascinando alcune barche ancorate vicino alla
riva, poi si € riversato violentemente sulla costa
con onde alte 2 metri che arrivarono in citta fino
a Piazza San Filippo (I'attuale piazza Mazzini).

Fig. 2. Catania damage of the 1693 earth-
quake




for more than three years there were numerous
shocks, and some of strong intensity that al-
most broke down of the few survivors, and some
preferred to leave the city rather than facing
future shocks. The enormous disaster caused
by this earthquake, also implied change in the
reconstruction of some villages; total changes
were not many, because they required the
consent of the Viceroy in charge at that time.

The severity of such devastation was due to
the characteristic of the buildings, which were to-
tally unsafe and to the lack of anti-seismic build-
ing technique. Some progress took place in the
mid-700s, in fact, after the earthquake that de-
stroyed many cities Sicilian, the main objective
was to build more solid and safe buildings. Now-
adays striking progress has been made build-
ings are more and more resistant buildings to
earthquakes, many techniques and procedures
and have adopted to as save many lives as pos-
sible in case of earthquake. The fundamental
criterion of earthquake-resistant buildings is to
create structure that allow you to save human
lives, while sacrifyi the structural benefits. In this
case the resistant structure of the building, de-
signed with the following criteria (in associated
to a high structural ductility), may (and should)
deform considerably out hanks to a wide range
or elasticity, to reinforced concrete; the build-
ing may also undergo to partial collapse, but
must, however, always be designed to avoid,
or at least delay, the total collapse, in order to
allow the escape of those who live there. You
accept this kind of compromise, which is part
of conventional seismic building techniques. To
create a building that can withstand resist dam-
age to an earthquakes it is almost impossible,
as well as economically unsustainable. It is the
determination of the appropriate level of safety,
depending on the intended use and degree of
foreseeable danger using probabilistic methods.

mod-
they

After presenting a theoretical
el on which to base the design,
can be wused various methods to mini-
mize damage can be wused including:

* Decrease in the mass of the building

 adoption of stiffening cores as baffles, ele-

Il periodo sismico & stato molto lungo; in-
fatti, per piu di tre anni ci sono state numerose
scosse, di cui alcune diforte intensita, che hanno
messo alla prova la resistenza dei pochi soprav-
vissuti. Per questo molti di loro hanno preferito
andare via dalla citta, piuttosto che rimanere
nelle proprie abitazioni in preda alla paura.

L’enorme disastro provocato da questo ter-
remoto, porta anche al cambiamento nella rico-
struzione di alcuni villaggi; spesso modifiche to-
tali non erano consentite, perché queste ultime
richiedevano il consenso del viceré in carica in
quel momento. Purtroppo, tutto questo & ac-
caduto perché in passato non erano presenti le
stesse tecniche che abbiamo oggi per affrontare
un terremoto, come anche la struttura degli edi-
fici (circa 1600-1700), e quindi questo significa-
va mettere a repentaglio la vita di ogni persona.
Qualche progresso si ebbe intorno alla meta del
‘700; infatti, dopo che questo terrificante evento,
I'obiettivo principale era quello di costruire edifici
piu solidi e sicuri. Al giorno d’oggi sono stati fatti
progressi sorprendenti nella costruzione di edifi-
ci sempre piu resistenti ai terremoti, e sono state
adottate molte tecniche e procedure per salvare
quante piu vite possibile in caso di terremoto.
Uno dei criteri fondamentali per la costruzione di
edifici antisismici € quello di produrre opere che
consentano di salvare sempre piu vite umane. In
questo caso la struttura resistente dell’edificio,
progettato con gli adatti criteri (in combinazione
con una elevata duttilita strutturale), potrebbe
(e dovrebbe) deformarsi notevolmente, cosi
come le strutture portanti del cemento armato.
L'edificio potrebbe anche essere soggetto al
collasso parziale; tuttavia deve poter ritardare il
crollo totale, per consentire la fuga di chi ci vive.

Si accetta questo tipo di compromesso con
le tecniche convenzionali sismiche, al fine di
creare un edificio in grado di sopportare, almeno
in parte, i danni provocati dal terremoto. E la de-
terminazione del livello di sicurezza appropriato,
a seconda della destinazione d’'uso e il grado
di pericolo prevedibili con metodi probabilistici.

Dopo aver presentato un modello teo-

rico su cui basare il progetto di costru-
zione possono  essere utilizzati  vari
metodi per minimizzare i danni, tra cui:
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vator shafts, stairwells, which tend to absorb the
horizontal actions being rigidly connected to the
rest of the structure. Structural masses are dis-
tributed with particular care and, at the design
stage, the need is for careful checks.

» Adoption of the criterion of the hierarchy of
strength: it studies the structure so that the plas-
tic hinges are formed in the beams before the
pillars (strong pillar - weak beam) so that the col-
lapse mechanism is activated after the forma-
tion of many hinges plastics;

» Careful design of structural problems,
namely the unions between beams and columns
with appropriate buttresses;

* Use of so-called chains to enhance the
strength of the structure;

» adoption of seismic dampers: devices
made with materials of “sacrifice” that are placed
in locations subject to high strain, for example in
structural joints, attenuating the movements and
eventually arriving at break, in order to preserve
the structural integrity. They can be subsequent-
ly replaced.

Fig. 3. Modern seismic methods

Fig. 3. Tecniche antisismiche moderne
These are just a few techniques that you

can use, but the most important thing to pre-
vent disasters such as those of 1693 is to

perform of prevention operation in all the cit-
ies; prevention is not difficult: avoid building
in areas where the seismic risk is very high.

Conclusions

We have seen how nowadays there are many
techniques to deal with an earthquake and then
avoid the emergence of catastrophes such as
those of 1693 which killed thousands of civilians.

History of Science and Technology

* Diminuzione della massa dell’edificio;

» adozione di irrigidimento nuclei come de-
flettori, pozzi degli ascensori, scale, che tendo-
no ad assorbire le azioni orizzontali rigidamente
collegate al resto della struttura, masse strut-
turali sono distribuite con particolare cura e, in
fase di progettazione, la necessita € per accurati
controlli;

» L’adozione del criterio della gerarchia di
forza: studia la struttura in modo che le cerniere
plastiche si formano nelle travi prima pilastri (so-
lido pilastro - raggio debole) in modo che il mec-
canismo di collasso & attivata dopo la formazi-
one di molte cerniere plastiche;

* L’accurata progettazione dei problemi strut-
turali, cioé le unioni tra travi e colonne con con-
trafforti adeguate;

* uso delle cosiddette catene per aumentare
la resistenza della struttura;

» 'adozione di ammortizzatori sismici: dis-
positivi realizzati con materiali di “sacrificio” che
sono collocati in luoghi soggetti a forti sollecitazi-
oni, ad esempio nei giunti strutturali, attenuanti i
movimenti e alla fine arrivano a rottura, al fine
di preservare l'integrita strutturale. Essi possono
essere successivamente sostituiti.

Queste sono solo alcune tecniche che
e possibile utilizzare, ma la cosa piu impor-
tante per prevenire disastri come quelli del
1693 €& necessario eseguire il lavoro di pre-
venzione in tutte le citta. Fare prevenzione
non ¢ difficile; per esempio, evitare di costru-
ire in zone in cui il rischio sismico &€ molto alto.

Conclusioni

Abbiamo visto come al giorno d’oggi ci
sono molte tecniche per prevenire gli effetti
di un terremoto e quindi evitare I'emergere
di catastrofi come quelle del 1693 che ha uc-
ciso migliaia di civili. Si deve dire che in quel
periodo non si conoscevano le moderne tec-
niche di cui beneficiamo oggi e la catastrofe,
per un terremoto di tale intensita, era inevitabile.

Nonostante tutto, questo tragico
evento ci ha aiutato a guardare avan-
ti, di apprendere nuove tecniche utiliz-
zate oggi per affrontare un terremoto.
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The Intensity of
Earthquakes in
History

Introduction

Latelyy, we have heard about Earth-
quakes in ltaly, causimg serious dam-
ages in a large area. That happens some-
times because the Italian anti-seismic
standards for build-rights are not often respected.

Earthquakes are generated by movements of
the Earth caused by tectonic forces acting con-
sistently within the Earth’s crust, producing the
release of energy in an inner portion of a giver hy-
pocenter. Observing the fracture, you can be no-
ticed that the propagation waves, elastic waves or
seismic waves spread in all directions. The area
of the Earth’s surface located on the vertical hypo-
center is called epicentre. The geophysics branch
which studies these phenomena is Seismology.

Methods

| searched the Net looking for information
about several scientific sites in the history of
Earthquakes and analyzed the topics in order to
draw the most important things to be able to un-
derstand the most effective contributions. My re-
search takes in consideration several websites,
but | went to look at scientific journals, only.

Results

A first attempt to indicate the intensity of a
Earthquake is due to the Italian seismologist
and volcanologist G. Mercalli that, in 1900, de-
vised a scale based on the observation of the
effects of an Earthquake on buildings, people
and environment, defining 10 degrees linked
to the severity of the damage. Later, the effects
of a Earthquake were to be referred to a modi-
fied Mercalli scale, which included 12 degrees
linked to shock records by seismographs only,
regardless of no damage to buildings or per-
sons. Grade 12, however, means a great ca-
tastrophe and the total buildings destruction.
In each area affected by seismic movements,
the Earthquake is given a degree of intensity,
the highest at the hypocentre and decreas-
ing in the areas far from it and the epicentre.

History of Science and Technology

L’'Intensita dei
Terremoti
nella Storia

Introduzione

In questi ultimi anni sono stati molti i ter-
remoti che hanno colpito [l'ltalia, causando
gravi danni alle nostre citta. Queste catastro-
fi, anche letali, provocano timore in lItalia in
quanto le strutture adeguate per le norme
anti-sismiche non sempre sono rispettate.
Un terremoto (o sisma) viene generato da movi-
menti della terra o per assestamenti. Ma cos’e,
in realta, il terremoto? In geofisica i terremoti,
detti anche sismi o scosse telluriche, sono vi-
brazioni o assestamenti improvvisi della crosta
terrestre, provocati dallo spostamento improv-
viso di una massa rocciosa nel sottosuolo.
Harry Reid, un sismologo americano, elaboro
la teoria del rimbalzo elastico: esso consid-
era la massa rocciosa interessata dall’evento
sismico caratterizzata da un comportamento
elastico in seguito a deformazione per effetto
di una sollecitazione come avviene nel caso
di una molla: in seguito a rottura dell’equilibrio
meccanico e al brusco ritorno delle masse roc-
ciose a una nuova condizione di equilibrio per-
manente, l'energia elastica accumulata du-
rante la deformazione si libera in parte sotto
forma di calore per attrito lungo la superficie
della faglia, in parte sotto forma di energia ci-
netica cioé violente vibrazioni o oscillazioni
della crosta terrestre nel punto di rottura.
Per epicentro si intende quel punto della superfi-

Fig. 1. Earthquakes in the Italy to the 1900 at 2000
Terremoti in Italia dal 1900 al 2000




The well known Richter scale estimates the
Magnitude of the maximum amplitude re-
corded by a seismometer, using instruments
able to measuring even the smallest move-
ments of the ground. This scale consequently
is a quantitative one, that measures physi-
cal characteristics of the Earthquake. Un-
like the scale of intensity, the Richter Magni-
tude is a continuous one, that is the values
recorded by two different unit Earthquakes,
even they may also differ by just one tenth.
The Magnitude of a instrumentally recorded
event may be calculated by many ways, de-
pending by different characteristics of the
seismogram (height of the maximum peak,
signal duration, etc.). Besides, every event de-
pending by the Magnitude, is often assessed
with regard to the maximum acceleration of
the ground. It should be noted, in any case,
that the peak accelerations are able to only
partially describe the dangerousness of the
Earthquake; in fact, of extreme importance are
not only energy from it altogether developed
and the maximum values of the motion of the
ground, but also the extent to which the seismic
energy is associated to the different frequen-
cies, given equivalent overall seismic energies.
Anyway, the seismic risk is different if such ener-
gy is associated with frequencies far from those
which characterize the buildings, or if it occur,
for example, coincident with these frequencies.
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Fig. 2. Earthquakes in centre Italy
Fig. 2. Terremoti centro ltalia

cie terrestre posto esattamente sopra I'ipocentro
(che é il punto nel quale ha avuto origine il
terremoto al di sotto della crosta terrestre).

Scopo di lavoro
Un primo tentativo per indicare I'intensita di un
terremoto & dovuto al sismologo italiano e vul-
canologo Giuseppe Mercalli, il quale intorno
al 1900 mise a punto una scala di valutazione
(Scala di Mercalli, detta anche “Scala Mercalli-
Cancani-Sieberg” in onore dei tre sismologi
che hanno ampliato e migliorato il grado di val-
utazione della scala) basata sull’osservazione
degli effetti di un terremoto su edifici, per-
sone e ambiente, diviso in 12 gradi a sec-
onda della forza del terremoto: partendo dal
primo grado, ovvero piccolissimi ed imperc-
ettibili movimenti e scosse, fino ad arrivare a
catastrofi come l'ultimo grado, il dodicesimo.
Charles Richter, fisico e sismologo statunitense,
il quale ha dato il nome alla famosa scala sis-
mica che misura la magnitudo di un terremoto,
detta “scala Richter”, rivela, a differenza della
scala di Mercalli, 'energia che il terremoto spri-
giona. Tale operazione & stata poi ampliata
grazie al sismografo, che &€ uno strumento in
grado di misurare anche i piu piccoli movi-
menti del terreno, costituito da una serie di el-
ementi che consentono la rappresentazione
grafica dellandamento del segnale sismomet-
rico nel tempo sotto forma di un sismogramma.
Analizzando il sismogramma si pud con-
oscere l'entita, la natura e la distanza del
sisma dal punto dove €& avvenuta la reg-
istrazione del sismogramma stesso.
I sismografo deve dunque rappresen-
tare fedelmente il movimento del suolo op-
pure le grandezze (accelerazione o veloc-
ita) con le quali si pud in seguito estrapolare
il movimento assoluto del suolo. Questa
scala € quindi una scala quantitativa che
misura le caratteristiche fisiche del sisma.
La grandezza di un terremoto pud essere
registrata strumentalmente poiché pud es-
sere calcolata in vari modi, dalle diverse car-
atteristiche del sismogramma (altezza del
picco massimo, durata del segnale, ecc.).
La scala Richter consente di valutare con pre-
cisione l'intensita dei terremoti che si verificano
in zone desertiche, o il cui epicentro si trova
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Conclusion

The Richter scale allows you to accurately as-
sess the intensity of the Earthquakes that occur in
desert areas, or those epicentres located on the
seabed, which would be impossible to evaluate
with the Mercalli scale, simply because in these
areas there were no effects on buildings and peo-
ple.

There is no connection among intensity measured
by Mercalli scale and Magnitude, since the sur-
face Earthquakes that occur in densely populated
areas can produce much more damage of the
same Magnitude Earthquakes occur in desert
areas or very deep hypocenter. Earthquakes, in
the past as well today, cannot be predicted, but
the prevention is possible and due. A step forward
would be to significantly enhance Earthquake-
resistant buildings (as in Japan) that are able to
hold the stormy movement of Earthquakes caus-
ing at last the drop of some home objects, rather
than bring down an entire home or, even worse,
an entire building with dozens of families.

Iconography:

centro meteo, http://www.centrometeo.com/
articoli-reportage-approfondimenti/geologia-
vulcanologia-sismologia/5435-misura-terremoti-
mercalli-richter

centro meteo, http://www.centrometeo.com/
articoli-reportage-approfondimenti/geologia-
vulcanologia-sismologia/5435-misura-terremoti-
mercalli-richter

sul fondo del mare, che sarebbe impossibile
con la scala Mercalli che misura l'intensita ba-
sandosi sui danni ai manufatti e sulla percezi-
one umana soggettiva del fenomeno sismico
(e che dipende dunque anche dalla distanza
del centro colpito dall’epicentro del sisma, e
dalle caratteristiche dell’edilizia della regione).
Non vi & alcuna corrispondenza tra l'intensita
misurata con la scala Mercalli e la grandezza, dal
momento che i terremoti superficiali che si verifi-
cano in aree densamente popolate possono pro-
durre danni molto di piu degli stessi terremoti di
magnitudo che si verificano in zone desertiche.

| terremoti, in passato come anche oggi,
non si possono prevedere, ma si pud cer-
care di prevenire come ad esempio non cos-
truendo in zone sismiche n futuro I'obiettivo
sarebbe quello di creare edifici antisismici
(come in Giappone) che sono in grado di sos-
tenere scosse di intensita sempre piu forte.
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History of
Volcanology

|.Previous knowledges

The volcano is a fracture of the earth’s crust
from which emerge different types of lava, gas,
debris, etc ..., which sometimes emerge from a
true conical structure (such as Etna, Vesuvius,
Stromboli, etc ...), while in other cases, from
the linear fractures (as mid-ocean ridges). Vol-
canology is the science dealing with the study
of volcanoes, and more generally, of all vol-
canic phenomena related to it and employees.

While the volcano is a real structure,
volcanism is the set of phenomena re-
lated endogenous activity of magma, etc
..., that causes the volcanic phenomena.

The history of volcanology, embracing to-
gether science and history, myth and legend,
is the set of theories that have developed be-
tween the various historical periods, which have
led to the current development of volcanology.

II.Objectives

The objective of this scientific report is to
know to learn the history of volcanology, con-
siderations of “volcano” and volcanism in dif-
ferent historical periods (Since the pre-clas-
sical age, up to more recent times). Although
the volcano and volcanic activity are already
very discussed subjects in the past, what are
the theories, thoughts (more or less scien-
tific) that are rooted in the common belief and
the scientific community? What are therefore
the roots behind the scenes of the volcano,
which produce the effects that we all know?

lll.Materials

The materials that | have used for the
preparation of the report was taken by aca-
demic books, official publications and from
an interview made to volcanologist Dr. Ste-
fano Branca, in Osservatorio Etneo of
Catania (INGV - Department of Catania).

IV. Preclassic Age
Opposite to a natural frightening show, the
rimitive man could not find a rational explana-

Le “Quinte”
Vulcaniche

I.Conoscenze pregresse

Sappiamo essere, il vulcano, una frattura
della crosta terreste dalla quale fuoriescono
diverse tipologie di lave, gas, detriti, ecc. ...,
che in alcuni casi erompono da una struttura
conica vera e propria (come I'Etna, il Vesuvio,
lo Stromboli, ecc. ...), mentre in altri casi, da
delle fratture lineari (come le dorsali). Proprio
la vulcanologia € la scienza che tratta lo studio
dei vulcani, e piu in generale, di tutti i fenom-
eni vulcanici ad esso correlati e dipendenti.

Mentre il vulcano €& Ila struttura ve-
ra e propria, il vulcanismo ¢& [linsieme
dei fenomeni vulcanici riconducibili
all’attivita endogena dei magmi, ecc.

La storia della vulcanologia, che ab-
braccia scienza e storia, mito e leggenda,
e linsieme delle teorie sviluppatesi che
tra i vari periodi storici, che hanno porta-
to allo sviluppo attuale della vulcanologia.

[I.Obiettivi

L’obiettivo della presente relazione scienti-
fica & quella di conoscere la storia della vulcan-
ologia, attraverso le considerazioni di vulcano,
e di vulcanismo nelle varie epoche storiche.
Questa relazione ha una duplice finalita, poi-
ché non si riduce esclusivamente ad uno scopo
didattico, ma mi permette un’esplorazione nei
meandri storici che conduce ad una visione
critica globale della storia del vulcanesimo in
tutte le sue sfaccettature. Pertanto, se il vul-
cano ed il vulcanismo, sono concetti gia molto
discussi nel passato, quali sono le teorie, i
pensieri (piut o meno scientifici che siano) che
si sono radicati nella credenza comune e nella
comunita scientifica? Quali sono, pertanto, “i
protagonisti dietro le quinte del vulcano”, che
producono gli effetti che tutti conosciamo?

[ll.Materiale

Il materiale che ho utilizzato per la stesura
della relazione, e per lo studio della stessa,
e stato reperito, data la scarsita di siti sci-
entifici online, prevalentemente da libri uni-
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tion to volcanic activity, and represented this as
a terrible monster, a demon, that needed to ap-
pease with sacrifice and prayers. According to a
lot of historical sources, despite the enormous
distance between the people, it was believed
that the volcano is demonic and destructive...
where lived fantastic creatures (in South Amer-
ica was a monstrous whale, in India was a big
mole or ferocious boar, in Japan was a frighten-
ing spider, in Indonesia was a snake with a fiery
venom. From 1492, after the discovery of Ameri-
can continent, whereas the European myths
have been modified by new or later cultures,
the most important testimonials in Preclassic
Age of volcano’s development and of volcan-
ism have been by native Americans. The amaz-
ing thing is that in these myths there are a lot of
similarities among past and modern eruptions.

Fig. 1. Mythologic representation of
volcano Pelée’s Goddess
Rappresentazione mitologica
della Dea del vulcano Pelée

V. Greek Age
The pre-platonic myths

In the Greek age, the Greek people be-
gan a collection of information, that comes
from an observation more accurate of natu-
ral elements around volcano, especial-
ly around the volcanoes Thera and Etna.

The most ancient volcanologic Greek docu-
ment is represented by Pindar’s odes, that de-
scribes Etna during the amazing eruption of 479
B.C. Probably this first description has been
helpful for the successive explanation of volcan-
ic’s processes with the mythology. So, the myth
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versitari e pubblicazioni ufficiali, oltre che,
da un’intervista fatta al vulcanologo Dott.
Stefano Branca, presso [I'Osservatorio Et-

neo di Catania (INGV- Sezione di Catania).

IV. Eta Preclassica

Di fronte ad uno spettacolo naturale scon-
volgente, 'uomo primitivo, incapace di trovare
una spiegazione razionale all’attivita vulcanica,
la raffigurava come un terribile mostro, un de-
mone, di cui bisognava placare la tremenda ira
con sacrifici e preghiere. Secondo numerose
fonti storiche, nonostante le enormi distanze
esistenti tra un popolo ed un altro, quasi la to-
talita dei popoli antichi possedeva una con-
cezione di vulcano demoniaca e distruttrice.

Di conseguenza l'origine dei vulcani, sep-
pur ancora non studiata, faceva riferimenti a
miti e leggende di creature fantastiche. Nei
popoli sudamericani, ad esempio, si suppo-
neva che il vulcano eruttasse per la crudelta
di una mostruosa balena (gli sbuffi d’acqua
del mammifero, erano associati al fumo che
usciva dal vulcano), in India questa figura era
raffigurata come una gigantesca talpa o un fe-
roce cinghiale, nell’arcipelago nipponico come
un ragno spaventoso, in Indonesia come un
serpente dal veleno infuocato. Dal 1492, dopo
la scoperta del continente americano, poiché
i miti europei piu antichi sono stati succes-
sivamente cancellati, modificati, influenzati
dalle stratificazioni culturali successive, alcune
delle piu importanti testimonianze sullo svi-
luppo di un vulcano e sul vulcanismo ci sono
date dalle culture dei nativi americani, venuti a
contatto con la civilta europea in epoca tarda.
La cosa che piu sorprende, € che questi miti
posseggono numerose affinita con eruzioni
recenti avvenute nella stessa area, come nel
caso dell’eruzione del Saint Helens nel 1980.

V. EtaGreca

[l 1 miti pre-platonici

Nell'eta classica, a partire dal periodo greco,
si comincio ad avviare una raccolta di informazi-
oni, che, seppur ancora spiegate attraverso la
mitologia, partivano da un’osservazione piu ac-
curata della realta, la quale traeva spunto da el-
ementi naturali disseminati attorno al Vulcano,
specialmente attorno i vulcani Thera ed Etna,



of volcano’s god Hephaestus (known as the God
of fire), the myths of Cyclopes (Bronte, Sterope,
Arge e Polyphemus), the myths of Titans, ex-
plained in the Hesiod’s Theogony, will be born.

(1 Pyriflegheton and the Pneumatic Theory

Plato hypothesized that inside the Earth
existed a river of fire, the “Pyriflegheton”,
that freed air causing Earthquake and vol-
canic eruptions. The Plato’'s idea gave a
great development to volcanology, and this
doesn’t appear to us much far from reality.

Aristotle, instead, is inspired by an idea of
Anaxagoras, that suggested a more rational
explanation, that is based on wavy motion, that
compresses the air and forced-it to infiltrate
and go-around inside the Earth, whereafter the
reacting, and the next contact with sulfur and
bitumen, causes smokes, slags, ashes and
flames. All this, according new studies, is origi-
nated by the effect of the wind on the ember.
Therefore, the description of first bellow signed
an incredible turning, because the volcanol-
ogy from holy science became profane science.

Fig. 2. Representation of giant Typhon, responsible
of volcanism of Etna according ancient Greek cul-

ture
Rappresentazione del gigante Tifeo,
vulcanismo etneo, secondo la cultura dell’Antica Grecia

VI. Roman Age

[l First Roman Age

The Romans took references from Aeo-
lian Islands, from “Campania Felix” (around
Naples), and from Etna. In Punic Wars ‘Age,
the noise coming from volcanic bowels, is in-
terpreted by Romans as impetuous hammer
blows of God Volcano (Volcano’s God, such as
Hephaestus. However, the Romans, learned

responsabile del

Nella fattispecie, il documento vulcano-
logico piu antico & rappresentato dall’ode po-
etica di Pindaro, nella quale, pur parlando del
gigante Tifeo, il vulcano Etna viene definito
come “la colonna del cielo dalle quali bocche
fuoriescono colate ardenti che si riversano
sui fianchi del monte”. Probabilmente questa
prima breve descrizione (eruzione etnea del
479 a.C.), é stata funzionale per la spiegazi-
one successiva dei processi vulcanici con la
mitologia. Cosi sarebbero nati sia i miti dei
Ciclopi (Bronte, Sterope, Arge e Polifemo)che,
forgiando il metallo nelle caverne del vulcano
insieme ad Efeso (Dio Vulcano), avrebbero
formato i numerosi coni avventizi disseminati
sui fianchi dell’Etna, oltre che dei Faraglioni,
gettati dai Ciclopi contro Ulisse nel racconto
dellOdissea scritta da Omero, sia anche i miti
dei Titani, raccontati da Esiodo nella Teogonia,
che tentarono di schiacciare gli dei dell’Olimpo,
ma sconfitti da Giove, furono seppelliti vivi dal
crollo delle montagne, lanciando fumo e fiamme
delle loro fauci. Tutto cid testimonia una prima
mitologica spiegazione dei fenomeni vulcanici.

1 Pyriflegheton e la Teoria Pneumatica.
Successivamente, il grande filosofo greco
Platone, ipotizzd che all'interno della terra es-

istesse un fiume di fuoco, il “Pyriflegheton”,
dal quale si liberava aria causando cosi ter-
remoti ed eruzioni vulcaniche. L’intuizione

di Platone diede uno sviluppo possente alla
vulcanologia, e a distanza di secoli, non ap-
pare poi tanto lontana dalla realta la sua
teoria, se si paragona il Pyriflegheton al
magma, e laria ai gas in esso racchiusi.

Aristotele, invece, riprendendo una convin-
zione poco conosciuta di Anassagora, suggeri
una spiegazione apparentemente piu razion-
ale, la quale si basava sul moto ondoso delle
onde del mare. Quando, infatti, in un’area cav-
ernosa, le onde comprimevano l'aria, la cos-
tringevano ad infiltrarsi e a circolare all’interno
della terra. Li, in seguito al riscaldamento, e
al successivo contatto zolfo e bitume, ne pro-
vocavano lincendio, formando ceneri, fumo,
scorie e flamme, liberate poi attraverso i con-
dotti vulcanici. La spiegazione aristotelica
dell’attivita vulcanica trae forse origine, sec-
ondo alcuni recenti studi, dall'effetto del soffio
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to know the dangerousness of Volcano and
venture on this, in specific period or Seasons.

[l Augustan Age

During Augustan Age, a lot of scientists de-
cided to change Volcanoes ‘myths with scientific
theory, with the observation of nature. The first
to have done this, was Strabo, that took in his
“Rerum Geo-Graphicarum”a very accurate de-
scription of natural elements and events. From
it, we can, for example, understand the shapes,
the dimensions, the activities of Etna in Augusta
Age, and for this is reputed a fundamental text.

Moreover, Strabo was the first person to know

the volcanic nature of Vesuvius, discov-
ering the “burned” rocks. Strabo had an-
nounced the eruption, and for this was preoc-
cupied, because on the scopes there were a
lot of big cities, although he didn’t know the
dimension of the tragedy. After half century
from his death, the catastrophic eruption of
79 A.D., that destroyed Pompeii, Hercula-
neum, Stabiae, etc..., confirmed the Strabo’s
idea. Strabo opened the street to scientific re-
search, but was stopped by the decline of Ro-
man Empire, and Christian’s conceptions.

Fig. 3. Volcano in Roman mythology
Vulcano nella mitologia romana
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del vento sulla brace che la rende piu ardente.
Se cio fosse vero, l'invenzione del primo man-
tice segna una svolta incredibile nel cammino
dell'umanita, poiché la vulcanologia da scienza
sacra diventa profana. Questa teoria pneu-
matica domino per ben due millenni il pensiero
scientifico, dando prova dell’inerzia del pensiero
e del peso di un nome autorevole, nell’eta im-
mediatamente successiva, rappresentando un
punto cardine a cui si rifaranno numerosi filosofi
delleta tardo repubblicana, come Lucrezio.

VI. L’eta Romana

71 DaimitidiVulcano all'osservazione diretta

La mentalita dei Romani era dedita maggior-
mente all’atto pratico e all’osservazione, rispetto
ai greci. Essi traevano i maggiori riferimenti
dalle isole Eolie, dall’'area campana e dall’Etna.
Nell’era delle guerre puniche, non conoscendo
ancora gli scritti aristotelici, i rumori provenienti
dalle viscere vulcaniche venivano interpretati
come violentissimi colpi di martello del dio Vul-
cano (rinominazione del dio greco Efeso), poi-
ché ancora, senza uno sviluppo scientifico im-
ponente, la gente colmava con 'immaginazione
le lacune che non era in grado di integrare e
verificare con i dati scientifici. Tuttavia, i rom-
ani, impararono a riconoscere le pericolosita
di un vulcano, e ad avventurarsi su di essi, in
periodi ben precisi, grazie anche alla gente lo-
cale, che faceva da cicerone lungo i versanti.

1 Gli studi di Strabone

Altri studiosi decisero di sostituire al mito una
teoria piu plausibile, attraverso l'osservazione
della natura. Il primo a fare cio, fu il greco,
naturalizzato romano, Strabone, che raccolse
nella sua opera “Geografia” una descrizione
molto accurata dei fenomeni naturali. Egli
narra che la cima dellEtna cambiava spesso
forma a causa di un fuoco sotterrane, che la
rompeva da una o piu aperture con lunghe
colate miste a fumo, fiamme e massi incan-
descenti. In effetti, guardando I'Etna negli ul-
timi anni, si comprende come la fisionomia
del vulcano sia continuamente cambiata, pro-
prio come Strabone definiva in eta augustea.

Degno di nota & lo spirito di osservazione ec-
cezionale di Strabone che lo porto a riconoscere
la natura vulcanica del Vesuvio, prima di tutti
gli altri , scoprendo le rocce “bruciate” lungo i



Fig. 6. Procession in honor of Saint Agatha for stop
ping an eruption of Etna
Processione in onore di Sant’Agata per fermare
un’eruzione dell’Etna
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Fig. 7. Eruption of Monte Nuovo (Pozzuoli,1538)
Eruzione del Monte Nuovo (Pozzuoli, 1538)

Vil.Late Roman Age and Middle One

In Imperial Age, pneumatic hypothesis of
Aristotle reigned in aristocratic classes, thanks
Seneca, but in Late Roman Age, the people, es-
pecially, after the conception of Cassius Dio and
Saint Augustine, was resumed the mythology,
where Volcano became the Devil. For example,
in Sicily and Campania, to put an end to lava
flows, that was wanted by Devil, from VI century,
the people initiated to pray the Saints and God.

Only thanks the Arabians of Spain, inde-
pendent by Christian traditions, we have known
some very accurate news of past eruptions
in Canary lIslands, such as those of Strabo.

VIILI. Modern Age

(1 The dogmatic imposition of 16th Centur-
yln 1538, the birth of a new volcano, the “Monte
Nuovo”, near Pozzuoli, aroused the curiosity
of the world. It was the first time that this phe-
nomenon could be seen from the beginning.

versanti. Poiché, il Vesuvio, che fino a quel mo-
mento era stato quiescente e non costituiva una
minaccia per i romani, era circondato da impor-
tanti citta come Stabia, Pompei ed Ercolano,
Strabone era preoccupato all’idea di un even-
tuale eruzione, di cui certamente sconosceva
le dimensioni. Dopo mezzo secolo dalla sua
morte, come egli temeva, la terribile eruzione
del 79 d.C. che devastd la Campania e causo
la morte di un altro famoso vulcanologo, Plinio il
Vecchio. Cosi, Dopo Plinio il Vecchio, il compito
di descrivere 'eruzione tocco al nipote Plinio il
Giovane, che lo fara in maniera cosi dettagliata
che questa narrazione fu utilizzata in seguito dai
vulcanologi moderni per la comprensione dei
meccanismi con la quale l'eruzione era avve-
nuta, coniando il termine “eruzione pliniana”. E,
pero, da notare, come sia Strabone, sia Plinio
il Vecchio, sia Plinio il Giovane, fossero ancora
molto influenzati dalla mitologia greca e roma-
na. Tuttavia, resta il merito di questi grandi natu-
ralisti, che, sostituendo alla speculazione astrat-
ta, all’osservazione diretta della natura, aprirono
la via alla vera ricerca scientifica, la quale, pero,
avra vita breve, poiché ostacolata dalla deca-
denza delllmpero Romano. Proprio nell’'ultimo
periodo imperiale Dione Cassio, ritornera a par-
lare del Vesuvio, come fucina degli dei, taverna
del fuoco, e prigione dei dannati, fornendo una
base alla quale la credenza cristiana si appiglio.

VIl.L’eta medioevale

Dopo I'avvento della filosofia scolastica, che
disprezzava l'osservazione della natura ritenen-
dola inutile e dannosa (in quanto fonte di idee
diaboliche), l'ipotesi pneumatica di Aristotele
regnd sovrana per molti secoli, grazie al con-
tributo filosofico di Seneca, che riprese le te-
orie aristoteliche, aggiungendovi, pero, la com-
bustione interna dello zolfo e I'evaporazione
dell’acqua, i quali producevano insieme i fumi
tossici. Tuttavia, se la teoria pneumatica ridi-
venne celebre tra [laristocrazia medievale,
il popolo, specialmente dopo le concezioni
di Dione Cassio e Sant’Agostino, considero
i vulcani come I'anticamera dell'inferno, con
il dio Vulcano tramutato in Diavolo. Allo sco-
po di porre fine alle colate vulcaniche volute
dal Diavolo, dal VI secolo d. C., si iniziarono
in Sicilia e in Campania ad invocare i Santi.
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While the people thought of a God’s scourge,
the scientists, linked to dogmatism, tried to ex-
plain the eruption with the Aristotelian theory.
In 1546, starting from this eruption, the Ger-
man Georg Pawer, wrote the first treatise of
mineral deposits “De Ortu et Causis Subter-
raneorum”, where the volcanic activity is also
explained. According his theory, the subterra-
nean steam burns the rock soaked of water,
determining an enormous force that breaks eve-
rything near the surface, founding there vent.

&
\

Fig. 8. Portrait of René Descartes
Ritratto di Renato Cartesio

IX.The 17th and 18th Century
From ‘600, the studies of volcanol-
ogy were concentrated by scientists to the
source of heat that nourished Volcanoes.

The cooled star

Edward Jorden in 1632 wanted to put an end
to scientific tradition of combustion in Volca-
noes, because according to him, to maintain the
fire inside, the volcano would need air to sustain
the combustion, so an enormous opening on
top should exist to offer a constant flow of air.”
For this, in1644, René Descartes, in his
“Principia Philosophiae”, talking about Earth’s
origin, he supposed that it was initially an in-
candescent body, such as the sun, that was
cooled by heat conduction. So Descartes de-
fined the energetic source of volcanism, and
also the Earth’s origin, representing a funda-
mental theory for the future of science. This
theory became famous at the start of 1700s,
thanks to Leibniz, and especially in XX Cen-
tury with geologists Hutton, Lyell and Suess.
The exothermic theory of fire
Despite Cartesian theory, appears al-
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L'introduzione del concetto cristiano di colpa,
pertanto, reintroduce la visione dell’evento nat-
urale catastrofico come punizione divina, e le
processioni per I'espirazione dei peccati, sup-
portati dalla Chiesa Cristiana, diventarono la
prassi comune in occasione di eventi vulcanici.
Solamente grazie agli arabi di Spagna, che si
manterranno lontani dalle tradizioni cristiane,
ci sono pervenute alcune notizie di eruzioni
avvenute nelle Isole Canarie, molto dettagliate
come quelle di Strabone, che cercheranno, ri-
prendendo idealmente Seneca, di verificare
il ruolo dello zolfo nelle reazioni vulcaniche.

VIIL. L’eta moderna

L'imposizione dogmatica del ‘500

Dopo la lunga notte medievale, nel 1538 la
nascita di un nuovo vulcano, il Monte Nuovo,
presso Pozzuoli, destd la curiosita di gran
parte del mondo. Era la prima volta infatti che
tale fenomeno poteva essere seguito nelle sue
varie fasi fin dall’inizio. Anche in questo caso,
tra il popolo, ci fu chi gridd al miracolo, chi ad
un flagello di Dio (da reindirizzare all’eruzione
del 79 d.C.), e chi infine lo considerd opera
del diavolo. Gli scienziati, invece, ancora sal-
damente legati al dogmatismo tentano di
spiegare l'eruzione con la teoria pneumatica
di Aristotele che regnava ancora indiscussa.

Nel 1546, partendo da questa eruzione,
il tedesco Giorgio Agricola (Georg Pawer)
scrisse il trattato sui giacimenti minerari De
Ortu et Causis Subterraneorum nel quale
viene spiegata [lattivita vulcanica. Secondo
la sua teoria il vapore, che si forma a causa
del calore sotterraneo che brucia le rocce im-
bibite d’acqua, possiede una forza tale da
rompere qualsiasi cosa nelle immediate pros-
simita della superficie, trovandovene |i sfogo.

IX. Il Seicento e il Settecento:

Tra ‘600 e ‘700 i principali scienziati che si
occupavano dei vulcani e del vulcanismo si
basarono principalmente su due teorie molto
diverse fra loro. Una si basava sul calore e
sulle fiamme emesse dalle reazioni esoter-
miche all’interno del vulcano, laltra faceva
risalire il vulcanismo alla condizione ter-
restre di una stella in via di raffreddamento.

[J La teoria chimica del “fuoco” vulcanico



most real, in late ‘600, the principal theory
was that of Isaac Newton, in 1692, which
had formulated some ideas on Earth’s heat
and its intensity, starting from a series of
exothermic reactions, that developed un-
der pressure, an intense heat and a flame.

X.Contemporary Age

[IThe develop of exothermic theory of
Davy and Day

In “1800, with the scientific development in
Physics and Chemistry, the exothermic reac-
tions between the water and the metals (Sodium,
Potassium and Calcium) were studied for ex-
plaining the volcanism with a return to exother-
mic theory of Newton. Humphrey Davy, after dis-
covering the chemical and physical properties of
alkali metals, was convinced that the heat devel-
oped during the redox reactions of alkali metals
was the source of the heat of volcanism, suppos-
ing the existence of big amount of alkali metals
under volcanic regions, even a lot of scientists
such as Gustav Bischof or L. J. Gay-Lussac
criticized this theory. Gay-Lussac, had demon-
strated the impossibility for the atmospheric air
to enter volcano’s interior, for the high pressure
and the high density of the magmatic fluid acted
with a contrary motion in respect to the normal
motion’s air; therefore, air couldn’t flow in vol-
canic system against this big pressure gradient.

[I'The Moon’s effect of Ampere, and the
“Star Theory” of Hopkins-Kelvin

Influenced by Descartes, after the critique
of Gay-Lussac, the scientist thought that the
primeval heat of Earth maintained, during its
formations, was linked to a fluid inside the
Earth. Nevertheless, according to some stud-
ies, realized by Ampere on the tides, and the
effects of attraction of Sun and Moon, in 1833,
the existence of only fluid inside was excluded.

From 1839 to 1842 William Hopkins and
his student William Thomson Lord Kelvin,
thanks to some studies, emptied the Ampere’s
theory. In fact, after the analysis of effects of
Moon and Sun on Earth’s rotation axis, they
concluded that there is an external rigid layer
(until 1500 km), a soft layer (until 2900 km),
and a liquid layer, (after 2900km); it isn’t ac-
cidental that the zone around 2900 km will be

Col progredire delle ricerche scientifiche,
lo studio dei fenomeni vulcanici si concentro
sulla fonte di calore che alimentava i vulcani,
quale, cioé l'origine dell’energia del vulcan-
ismo, che poco era spiegata dalla teoria aristo-
telica. Numerosi scienziati si cimentarono nello
studio del calore, ma la teoria piu convincente
allepoca (seppur partita e migliorata rispetto
ad altre teorie precedenti), fu quella di Isaac
Newton, nel 1692, che aveva formulato opin-
ioni sull’origine del calore della Terra e sulla
sua intensita, partendo da una serie di reazioni
altamente esotermiche, che riuscivano a svi-
luppare sotto una relativa piccola pressione un
calore intenso ed una fiamma molto violenta.

1 La Stella di Raffreddamento

Nonostante numerosi studiosi, indicassero
oltre allo zolfo , al bitume, al carbone e alla pirite
(bisolfuro di ferro), come possibili elementi che
producevano il “fuoco”, dalla quale deriva il vul-
canismo vulcanico, lo scienziato Edward Jorden
volle porre fine (anche se con poco successo)
alla secolare tradizione scientifica della combus-
tione nei vulcani, poiché essi necessiterebbero
di un flusso incessante d’aria cosi enorme, che
per mantenere vivo questo “fuoco”, servireb-
bero aperture megalitiche per far entrare I'aria.

Il francese René Descartes (Renato Carte-
sio), nella sua opera Principia Philosophiae, par-
lando dell’origine della terra, suppose che essa
fosse stata inizialmente un corpo incandescente,
simile al sole, raffreddatasi per semplice con-
duzione. In questo modo Cartesio defini non so-
lo la fonte energetica del vulcanismo ed il calore
interno, ma anche l'origine stessa del pianeta,
rappresentando una delle teorie fondamentali
per lo sviluppo della futura vulcanologia, geo-
logia, ecc... Successivamente anche Leibniz, si
associo a questa ipotesi, facendola ridiventare
celebre non solo all'inizio del 1700, ma anche
oltre, infatti divenne una corrente di pensiero
che ritrovera la notorieta nel secolo XX, special-
mente grazie ai geologi Hutton, Lyell e Suess.

X.L’eta Contemporanea

"ILo sviluppo della Teoria chimica di Davy
e Day

Nell’Ottocento, inoltre, parallelamente, con il
notevole progresso scientifico nel campo della
chimica e della fisica, furono chiamate nuo-
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Fig. 9. Map of plates
Mappa delle placche

Gutenberg’s discontinuity. Moreover, they
verified the existence of liquid materials, before
1500 km, exclusively in limited underground res-
ervoirs, which form many “underground lakes”.

[JA. Wegener and the theory of continen-
tal drift

In 1912 Alfred Wegener formulated the The-
ory of Continental Drift, starting from other past
scientist’s idea, who proposed the movement of
continents. This movement, would developed an
enormous heat, that would been at the bases of
volcanism. This theory was declared absurd, be-
cause there were not experimental evidences.

1 Holmes and the convective cells

In 1929, along with the scientist Vening-
Meinesz, starting from Wegener’s model, Arthur
Holmes tried to define the forces that caused
the continental drift. He was convinced that the
tensions necessary for fracturing the earth’s
“crust” were generated by convective mo-
tions, caused from inner different temperature
and density. Such flows are formed below the
SiAl (lithosphere), in the SiMa, for the high hy-
drostatic pressure, that increase the viscosity
and the rigidity of the underlying fluid material,
causing consequently the rupture of the crust
and the displacement of the continents. How-
ever, this model was incomplete and, because
based on Wegener's model, received a few at-
tentions, despite represented the first theory

that provides a unified explanation of principal
characters of the Earth, the surface and mantle.

History of Science and Technology

vamente in causa le reazioni esotermiche fra
I'acqua e i metalli (sodio, potassio, calcio e ferro),
come possibile causa del vulcanismo, con un ri-
torno alla teoria chimica precedente. Un’ipotesi
nuova e influente sulla chimica esotermica fu
sviluppata da Humphry Davy, dopo I'isolamento
dei metalli alcalini, e la scoperta delle loro pro-
prieta chimiche e fisiche. Davy era convinto
che il calore sprigionato durante I'ossidazione
degli elementi alcalini fosse la fonte di calore
dei fenomeni vulcanici, supponendo l'esistenza
di grandi quantita di alcalini metallici all'interno
della terra sotto le regioni vulcaniche. A questa
teoria, perd, numerose critiche seguirono, come
quella fatta dal tedesco Gustav Bischof e dal
francese L. J. Gay-Lussac, che aveva dimostra-
to I'impossibilita per I'aria atmosferica di entrare
in profondita dei vulcani, perché l'alta pressione
e l'alta densita del liquido magmatico agisce con
un moto contrario a quello ipotetico dell’aria, e
pertanto, questa non poteva fluire nel sistema
vulcanico e alimentare le reazioni contro un tale
gradiente di pressione. Nonostante i numerosi
addebiti, la teoria chimica di vulcanismo ¢é stata
sorprendentemente ripresa da eminenti scien-
ziati come Arthur L. Day ('ultimo dei sostenitori
della teoria chimica, nel 1925), quando pro-
pose che le reazione chimiche tra gas portano
alla fusione locale e alla generazione di magma.

] Leffetto della Luna di Ampeére, e la
teoria “stellare” di Hopkins e Lord Kelvin

Influenzati dalle idee di Cartesio, il ca-
lore allinterno della Terra era dagli studiosi
considerato un residuo del calore primitivo
“tenuto” dalla Terra al momento della sua
formazione. Inoltre, secondo gli studi sulle
maree e sugli effetti dell’attrazione del Sole
e della Luna, Ampére nel 1833, sottolined
limpossibilita di un interno totalmente fluido.

Dal 1839 al 1842, tuttavia, William Hopkins,
e il suo allievo William Thomson Lord Kelvin ridi-
mensionarono la teoria di Ampeére e di Cartesio,
infatti ,dopo aver analizzato gli effetti della Luna
e del Sole sull'asse di rotazione della Terra, con-
clusero che la crosta rigida esterna deve essere
di almeno 1500 km di spessore, e che la materia
fluida esiste entro questa misura in serbatoi sot-
terranei di limitata misura, formando tanti laghi
sotterranei, e non un oceano sotterraneo unito,
il quale, tuttavia, si trova esclusivamente nel nu-



Fig. 11. Portrait of A. Rittmann
Ritratto di A. Rittmann.
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Fig. 12. Age of Earth seafloor crust, 1996
Eta del fondale marino terrestre, 1996

JRittmann and the rapid decompression

Alfred Rittmann tried to define a new theory
starting from Holmes's one. According to him,
when some cause determine the disruption
of gravitational, hydrostatic, thermal, physic-
chemical or static equilibrium within the SiMa,
the base of crust, for its plasticity, suffers very
strong tensions ‘till to fracture. The fracture al-
lows, for a rapid decompression, the separation
of volatile components (before in solution in the
magma under high pressure), increasing of vol-
ume until the vapor pressure becomes greater
that pressure, and causes the spill of material
from fracture, that feeds the volcano (for Ritt-
mann, this is the principal cause of volcanism).
This theory was criticized by scientists, because
there weren’t evidences supporting the thesis.

cleo a profondita di oltre 2900 km (misura iden-
tificata poi con la Discontinuita di Gutemberg).

Cl’impulso di A. Wegener e la Teoria della
Deriva dei Continenti

Nel 1912 Alfred Wegener formuld la teoria
della deriva dei continenti, che suppose il movi-
mento di grandi zattere galleggianti della cros-
ta, definite placche. Secondo la sua teoria, da
questi movimenti (anche se non vengono spie-
gati come essi avvengono), si sarebbe svilup-
pato un calore enorme, forse causa principale
del vulcanismo. Questa teoria fu stata dichiarata
assurda, poiché, non Vv’erano evidenze speri-
mentali, o prove scientifiche. Nonostante, ques-
to apparente insuccesso, la teoria di Wegener,
attivo, tuttavia, un collegamento senza prec-
edenti tra molti aspetti diversi della geologia,
che erano stati precedentemente considerati
indipendenti e non correlati alla vulcanologia.

JHolmes e le celle convettive litosferiche
Nel 1910 il geologo britannico Arthur Holmes,
dopo la scoperta della radioattivita, ha iniziato
uno studio della radioattivita naturale delle
rocce, che lo portd nel 1929, insieme allo stu-
dioso Vening-Meinesz, partendo dal modello di
Wegener, alla convinzione che le tensioni nec-
essarie alla fratturazione della crosta terrestre
fossero generate da correnti di convezione che
si formano al di sotto della litosfera (nel Sima,
parte intermedia della Terra) a causa delle alte
pressioni idrostatiche, che aumentano la vis-
cosita e la rigidita dei magmi sottostanti, provo-
cando di conseguenza, in seguito alla rottura
della crosta, lo spostamento dei continenti.

L’idea che il manto subisca convezione
termica si basa sul principio fisico per il quale
'aumento di temperatura comporta la diminuzi-
one della sua densita, inducendo la risalita
verso la superficie, finché la temperatura non
diminuisce, causando un riaffondamento nel Si-
ma, e una frequente attivita sismica e vulcanica.

Tuttavia, questo teoria poiché non spiego

le vere cause del vulcanismo, e, come,
questo magma potesse risalire, sia per-
ché basata sul modello di Wegener, rice-

vette ben poca attenzione dal mondo scien-
tifico, al momento della sua pubblicazione.
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Hess-Deitz‘model and the mid-oceanridge

Until 1960, Holmes's idea wasn’t consid-
ered. However, a greater understanding of
seabed, and the discover of mid-ocean ridge,
with their anomalies, have brought Harry Hess
and Robert Deitzto to publish a theory, based
on convective motions in the mantle, for ex-
plaining the expansion of seabed and volcanic
phenomena, that derive from them, known as
a “Sea-floor spreading”. The fundamental idea
was the same of 30 years before with Holmes;
However with, the increase of scientific evi-
dences and the mapping of earthquakes and
volcanoes, this theory was accepted by sci-
entific world, and replaced the earlier models.

[l The Plumes and Hotspots

After the publication of “Sea-floor spreading”,
the first contradictions and the first exceptions
emerged, because many regions did not fall in
the general framework. For example Hawaii Is-
lands, are very far from north-American plate‘s
border, but they have a lot of active volcanoes.

J. Tuzo Wilson in 1963 hypothesized that
Hawaii Islands arise on Hotspot. Only after 8
years, in 1971, W. Jason Morgan for explaining
the exceptions published “Hotspots theory” that
represents the base of current volcanology. Mor-
gan proposed the “mantle plumes”, that were
described as hot jets climbing from deep mantle,
near the outer core and Gutemberg's disconti-
nuity. This feed the volcanoes, as in Hawaii or
Iceland. In some point, in the years, this theory
was changed, but in major part, it is overall the
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JRittmanneladecompressione deimagmi

Ripartendo dagli errori e dalle critiche del
modello di Holmes, Vening-Meinesz e Wegener,
il vulcanologo svizzero, direttore dell’lstituto di
Vulcanologia dell’Universita degli Studi di Cata-
nia, Alfred Rittmann, provo a definire la chiave
di volta del vulcanismo. Secondo la sua teoria,
ogni volta che qualche causa determina la rottu-
ra dell’equilibrio gravitativo, idrostatico, termico,
fisico-chimico o isostatico all'interno del Sima, la
base della crosta, a causa della sua viscosita,
subisce tensioni molto forti fino a fratturarsi. La
frattura appena creatasi permette, attraverso
una rapida decompressione, la separazione dei
componenti volatili (prima in soluzione nel mag-
ma a causa della forte pressione), aumentando
di volume, finché la tensione di vapore diventa
maggiore della pressione, e, quindi, provocano
una fuoriuscita del materiale dalla frattura, che
alimenta cosi il vulcano. Tale svolgimento dei
gas della massa magmatica €& considerata,
pertanto, la causa principale del vulcanismo.
Anche questa teoria, tuttavia, fu molto criti-
cata dal mondo scientifico, e scartata, poiché
non vi erano molte prove a supporto della tesi.
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Fig. 12. Distance of Hawaii from the coasts
Distanza delle Hawaii dalla costa

Il modello di Hess-Deitz e le dorsali oce-
aniche

Fino al 1960 l'idea di Holmes non ricevette
alcuna attenzione. Tuttavia, una maggiore com-
prensione del fondo marino e le scoperte delle
dorsali oceaniche, con le loro anomalie geo-
magnetiche, I'associazione con gli archi insulari
e le fosse oceaniche in prossimita dei margini
continentali, hanno portato Harry Hess e Rob-
ert Deitz a pubblicare una teoria basata sulle



same. Now, this is the principal theory among
geologists and volcanologists, but there are a
lot of forcing and for this, a lot of scientists are
trying to find new explanations and evidences.

]

Other Theories

There exist some more theories. Accord-
ing to one of them, the rocks inside the Earth
would be fused by radiogenic heat, produced
by Uranium, Thorium or Potassium. According
other, the Earth’s heat derives from natural nu-
clear reactors in Earth’s core. There are so fan-
ciful hypothesis of impact of meteorites formed
by antimatter, as that formulated by Urey.

Xl.Conclusions

Through this report, | have arrived to un-
derstand the many steps that volcanology has
crossed to get to the considerations and current
theories, based for now in the theory of plates
and plumes, which currently, and is fundamental
to specify currently, it is the theory that more than
all the other ones, explains the volcanism. We all
have, and we know today about volcanoes, vol-
canic processes, etc ..., we owe it through cen-
turies of studies by scientists that is also thanks
to absurd assumptions; they have enabled the
development of volcanology. In fact, if in past ag-
es volcanologists have often ignored the causes
of melting processes that bring to formations of
magma, making the volcanology a descriptive
discipline at the edge of science. Now modern
volcanology is the science that studies the pro-
duction of magma, its transport, the surface pro-
cesses of magma’s evolution and the eruptions.
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correnti convettive del mantello per spiegare
'espansione dei fondali oceanici e i fenomeni
vulcanici che da essi ne derivano, nota come
“Sea-floor spreading”. Questa idea era fonda-
mentalmente la stessa di quella proposta da
Holmes piu di 30 anni prima, con 'aggiunta di
prove scientifiche (in quel periodo venne fatta
la mappatura dei terremoti e dei vulcani, che
rimarcavano proprio quei margini di quelle che
saranno poi chiamate placche) che sostitu-
iranno definitivamente i modelli precedenti per
riaffermare sia la teoria di Holmes, ma soprat-
tutto quella di Rittmann, venne considerato
da quel momento, il padre della vulcanologia.

[/l Plumes e gli Hotspots

Quando, sia la teoria delle placche, sia
quella della deriva dei continenti furono accet-
tate, cominciarono ad emergere le prime con-
traddizioni e le prime eccezioni, poiché molte
regioni non rientravano nel quadro generale.

Ad esempio le isole Hawaii, sono distanti
migliaia di chilometri dal margine della plac-
ca nordamericana, eppure esse possiedono
alcuni tra i vulcani piu attivi e alti al mondo.

J. Tuzo Wilson nel 1963 ipotizzd, allora,
che le isole Hawaii sorgessero su una regione
calda del mantello, sulla quale giace attual-
mente la placca pacifica. Solo, perd otto anni
piu tardi, nel 1971, W. Jason Morgan, pub-
blichera la teoria degli Hot spots (Punti Caldi),
che rappresentera il seme da cui si sviluppera
la vulcanologia degli ultimi anni, e che permet-
tera di spiegare ulteriormente decine di vulcan-
ismi insoliti. Morgan nella sua teoria propose |
‘mantle plumes”, cioé i pennacchi del mantello,
essi vengono descritti come degli zampilli caldi,
che risalgono dalla zona profonda del mantello

confinante con il nucleo esterno della Terra,
intorno alla discontinuita di Gutenberg (strato D).
A causa della spinta idrostatica dovuta alla loro
minore densita alimentano sacche di magma
vicino alla superficie, definite Hotspots. Queste,
a loro volta, alimentano il vulcanismo di zone
vulcaniche come le Hawaii o I'lslanda. A questa
teoria, attualmente in auge tra i geologi e i vul

canologi, sono andati a incrociarsi in
seguito altre teorie di altri scienziati, che
man mano ne hanno migliorato il conte-
nuto, anche mettendo in luce le criticita che
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elemen-
continenti.

vanno in contraddizione con gli
ti della teoria della deriva dei

Altre Teorie

Secondo varie ipotesi vulcanologiche, le roc-
ce allinterno della terra sarebbero fuse dal ca-
lore radiogenico, prodotto dall’'uranio, dal torio
e dal potassio. Altre teorie, invece, prendereb-
bero in considerazione bombe atomiche, reat-
tori nucleari naturali intraterrestri, fino ad ipotesi
fantascientifiche di impatti di meteoriti formati da
antimateria, come formulato negli anni 60 dal
chimico Harold Urey. Egli sostenne I’Accretion
Theory, ovvero quella teoria che fa derivare
I'origine dei pianeti dall’ agglomerazione di mete-
oriti. Questa teoria fu accettata da molti astrono-
mi e geofisici, mentre fu, ed & tutt'ora contes-
tata dai vulcanologi in quanto essa non spiega
in maniera soddisfacente I'origine dell’energia
e le modalita energetiche del vulcanismo.

Xl.Conclusione

Attraverso questa relazione, sviluppata in
ambito storico-scientifico, ho compreso i numer-
osi passaggi che la vulcanologia ha attraversato
per arrivare alle considerazioni ed alle teorie
attuali, radicate da qualche decennio nella teo-
ria delle placche e in quella dei plumes, che at-
tualmente sono le teorie che piu di tutte le altre
spiegano i fenomeni vulcanici e il vulcanismo.
Bisogna considerare come, tutto cido che con-
osciamo oggi sui vulcani e sui suoi processi lo
dobbiamo a secoli di studi da parte di scienziati,
che, se pur azzardando ipotesi assurde, hanno
permesso lo sviluppo della vulcanologia. Infatti,
se in epoche passate, i vulcanologi hanno spes-
so ignorato le cause dei processi di fusione che
portano alla formazione del magma, facendo
diventare la vulcanologia una disciplina descrit-
tiva, priva di rigore, al margine della scienza,
adesso la vulcanologia moderna € la scienza
che si occupa dello studio della produzione di
magma, del suo trasporto, dei processi super-
ficiali dell’evoluzione e dei processi eruttivi.

Bibliography

. F. Stoppa, Il Vulcanesimo. La preisto-
ria: Le origini del mito, Atti del convegno 13-14
Maggio 2009, Roma, 2009

. H. Sigurdsson , The History of Volcan-




giordano/luca_giordano_020 la_forgia_di_vul-
cano.jpg

(The Volcano’s Forge - La Forgia di Volcano

. https://upload.wikimedia.org/wikipedia/
commons/f/f5/Earth_seafloor_crust_age 1996 -
2.png

Age of Earth seafloorcrust, 1996 - Eta del fondale
marino terrestre, 1996)

. https://blueteamscience.files.wordpress.
com/2014/06/seafloor.jpg

Convectivemotions of Earth Mantle - Moti Con-
vettivi del Mantello terrestre) sess the intensity

of the earthquakes that occur in desert areas,

or whose epicenter is located on the seabed,
which would be impossible with the Mercalli scale
(because in these areas there were no effects on
buildings and people). There is no orrespondence
between meas

volcanoes, and more generally, of all volcanic
phenomena related to it and employees.

While the volcano is a real structure, volcanism

is the set of phenomena related endogenous
activity of magma, etc ..., that causes the volcanic
phenomena.

The history of volcanology, embracing together
science and history, myth and legend, is the set
of theories that have developed between the vari-
ous historical periods, which have led to the cur-
rent development of volcanology.
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a river of fire, the “Pyriflegheton”, that freed air
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portrait of A. Rittmann - Ritratto di A. Rittmann.

. www.napoliunderground.org/images/
News/mnuovonews.jpg

Eruption of Monte Nuovo (Pozzuoli,1538) - Eru-
zione del Monte Nuovo (Pozzuoli, 1538)

. www.nicolosietna.it/images/Eventi/2014/
processione_cardinaledusmet.jpg
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Procession in honor of Saint Agatha for stopping
an eruption of Etna - Processione in onore di
Sant’Agata per fermare un eruzione del’Etna

. https://imondodibabajaga.files.wordpress.
com/2014/10/tifeo.jpg

(Representation of giantTyphon, responsible of
volcanism of Etna accordingancientGreek culture
- Rappresentazione del gigante Tifeo, respon-
sabile del vulcanismo etneo, secondo la cultura
dell’Antica Grecia)

. www.settemuse.it/pittori_scultori_italiani/

| giordano/luca_giordano_020_la_forgia_di_vul-

cano.jpg

(The Volcano’s Forge - La Forgia di Volcano

. https://upload.wikimedia.org/wikipedia/
commons/f/f5/Earth_seafloor_crust_age 1996 -
2.png

Age of Earth seafloorcrust, 1996 - Eta del fondale
marino terrestre, 1996)

. https://blueteamscience.files.wordpress.
com/2014/06/seafloor.jpg

Convectivemotions of Earth Mantle - Moti Con-
vettivi del Mantello terrestre) sess the intensity

of the earthquakes that occur in desert areas,

or whose epicenter is located on the seabed,
which would be impossible with the Mercalli scale
(because in these areas there were no effects on
buildings and people). There is no orrespondence
between meas

volcanoes, and more generally, of all volcanic
phenomena related to it and employees.

While the volcano is a real structure, volcanism

is the set of phenomena related endogenous
activity of magma, etc ..., that causes the volcanic
phenomena.

The history of volcanology, embracing together
science and history, myth and legend, is the set
of theories that have developed between the vari-
ous historical periods, which have led to the cur-
rent development of volcanology.

You like writing articles? You love science? Are you
interested 1n joining Science’s World? If your answer
1s YES then you need to join

EPMagazine
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Space and
Solar System
Evolution

Introduction

Science has generated several hypotheses
about how the universe originated. Throughout
history myths, especially by primitive peoples
have been created. The most accepted theory
about the formation of the universe is that of
Bing Bang by George Gamow. There is on other
theory, but there isn’t any evidence of it. The age
assumed for the universe is 13.28 billion years
and the years of solar system are 4.5 billion. The
future of the universe is a slow expansion; the
end of the solar system is expected to be due
to the sun. The sun will exhaust the hydrogen
that powers it and shut down. There are many
philosophical theories, some of them foresee
say the death and rebirth of the universe. The
universe is a collection of matter, energy, galax-
ies, planets, stars and systems including the so-
lar system. The big bang theory is confirmed by
astronomical observations and these allow us
to say that the big bang phenomenon is still ac-
tive. With the passage of the time three theories
on the shape of the universe: were formulated:

1. Closed universe, which will collapse.

2. Stationary universe, that wile remain un-
changed.

3. Open universe, that will expand infinitely.
Aims

The objective of the article is to informar the
population about historical science, in particu-
lar about the universe and the solar system.

Method of work: Througe searches on the
web we are able to capture a variety of informa-
tion about the universe and solar system.

Big Bang

Evoluzione
dell’Universo e del
Sistema Solare

Introduzione

Nel corso degli anni gli scienziati hanno
formulato diverse teorie sulla formazione
delluniverso ed eventuali evoluzioni. Non
solo gli scienziati hanno formulato teorie
sul sistema solare e l'universo ma anche i
popoli primitivi hanno formulato dei miti per
giustificare la nascita del sistema solare e
delluniverso. La teoria piu accreditata per la
nascita dell’'universo e la teoria del Big Bang,
formulata da George Gamow. Esistono anche
altre teorie, prive di giustificazioni e prove.
L'eta delluniverso e di circa 13,28 miliardi di
anni e il sistema solare e di circa 4,5 miliardi di
anni. Si pensa che l'evoluzione dell’'universo
sia una lenta espansione, la fine del sistema
solare si pensa sara dovuta al sole. |l sole
esaurira l'idrogeno che lo alimenta e si speg-
nera. Ci sono anche diverse teorie filosofiche
che riguardano l'universo e il sistema solare.

L'universo € un insieme di: materia, galas-
sie, energia, pianeti, stelle e di sistemi tra
cui il sistema solare. La teoria del Big Bang
e confermata da osservazioni astronom-
iche, che ci permettono di affermare che |l
Big Bang € tuttfora in corso, questo ci per-
mette  di formulare le teorie sulla forma
dell’universo. Le teorie formulate fin ora sono 3:

*Teoria dell’universo chiuso, destinato a col-
lassare.

*Teoria dell’'universo stazionario, I'universo
rimarra invariato.

*Teoria dell’'universo aperto, si espandera
all'infinito.

Obbiettivi

L'obbiettivo dell’articolo € quello d’informare
la popolazione in ambito storico-scientifico,
in particolare sull’universo e il sistema solare.

Metodo del lavoro: grazie alle ricerche
sul web sono riuscito ad analizzare le te-
orie riguardanti il sistema solare e l'universo.
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In various scientific sites | have found vari-
ous information which concerned the subject
of the article and | took the most important
ones that allowed me to write the informa-
tion throug which | have reworked the article.

Space component: In the universe there are
a lot of materials. All the elements heavier then
carbon, they have been produced by the nu-
clear fusin of some stars and then spread into
space. Therefore all the elements of space and
those present in the space result from the stars.

Structural levels of space: the first level
is on aster, more asters united form struc-
tures. Between two asters very near each
other, acts a strong gravitational force: they
form a binary system. In the same wey the
sun and the moon, in the solar system, form
a binary system. Galaxies are huge col-
lections of stars and they are independent
systems. There are four kinds of galaxies:

*Elliptical,

*Spiral,

*Barred spiral.

Other components are planets, moons,
minor planets, stars, the contents of inter-
galactic space, and all matter and energy.

Structural levels of solar system: in the so-
lar system there are 8 planets divided into in-
ner and outer planets, the planets are: Mer-
cury, Venus, Earth, Mars, Jupiter, Saturn,
Uranus and Neptune. The sun is the star that
occupies one focus. There are a lot of stars.

Results

Over the years people changed their mind
about the universe and the solar system. Be-
fore the scientific revolution people thought
that the earth was at the center of universe,
referring to Aristotelian-Ptolemaic. Theory af-
ter the scientific revolution thanks to Nicolo
Copernico and Galileo Galilei, people changed
idea. They thought the sun was in the center
of universe. Galilei thanks to telescope ac-
cepted the Copernican theory. But the religious
institutions were against this theory, because
they believed in the Aristotelian-Ptolemaic
one and the church felt deprived of something
that only it could explain. The religious institu-
tions condemn ad and invited Galilei to retract
his theory but, he refused. Now the theory is
accepted, but the universe keeps changing.

History of Science and Technology

In vari siti scientifici ho trovato informazioni
sul’argomento dell’articolo. Ho preso le in-
formazioni piu importanti e le ho rielaborate.
Questo mi ha permesso di scrivere l'articolo.

Componenti  dell’universo:  nell’universo
ci sono molti materiali. Tutti gli elemen-
ti piu pesanti del carbonio sono stati pro-

dotti dalla fusione nucleare di alcune stelle
per poi diffondersi nello spazio. Quindi
tutte gli elementi presenti nelluniverso
e sulla terra sono prodotti delle stelle.

Livelli strutturali dell’'universo: il primo liv-
ello sono gli astri, piu astri vicino formano
strutture complesse. Tra due astri molto vicini
agisce una forza gravitazionale e formano: un
sistema binario. Ad esempio il sole e la luna,
nel sistema solare formano un sistema bina-
rio. Le galassie sono enormi agglomerati di
stelle indipendenti. Ci sono tre tipi di galassie:

«Ellittiche,

*Spirale,

*Spirale barrata.

Sistema solare: nel sistema solare ci sono
8 pianeti suddivisi in pianeti interni ed esterni,
i pianeti sono: Mercurio, Venere, Terra, Marte,
Giove, Saturno, Urano e Nettuno. Il sole € la
stella del sistema ed occupa uno dei due fuochi.

solar system
sistema solare

Risultati

Nel corso degli anni sono state cambiate di-
verse idea circa l'universo e il sistema solare.
Prima della rivoluzione scientifica si pensava
che la terra fosse al centra dell’'universo, appli-
cando cosi la teoria aristotelico-tolemaica. Dopo
la rivoluzione scientifica grazie a Nicold Coperni-
co e Galileo Galilei e stata cambiata idea. Si pen-
so infatti che il sole era al centro dell’'universo.
Galilei grazie al cannocchiale ha confermato
la teoria Copernicana. Ma le istituzioni religi-
ose non accolsero questa teoria, perché la loro
concezione dell’'universo si basava sul principio



The universe is in continuous changing.
Another important scientist during the scien-
tific revolution is Isaac Newton. He contributed
to the progress of heliocentric theory. New-
ton formulated the law of universal gravitation.

Sir Isaac
Newton
(1643 = 1727)

that two bodies are at-

He affirmed
tracted with a force directly proportional

to their masses and inversely propor-
tional to the square of their distances.
This is a physical law derived by in-

method. Joannes
rules that
planets.

duction of the empirical
von Kepler discovered the
describe  the movement  of

The rules are three:

1.The trajectory described by each planet

is an ellipse and the sun occupies
one focus.

2.The radius vector connecting the sun

to the planet orbiting describes
equal areas in equal times.

3.The ratio of the cube of the semi-major

axis of the orbit and the square
of the orbital period are the same
for all planets.

There is a new idea on the universe: the
existence of the multiverse that is, a universe
outside our space-time defined parallel uni-
verse. This theory was created in 1896 by Wil-
liam James, then this theory was taken up by
many producers to give life to science fiction

films. In 1957, however, it was analyzed us-
ing the principles of quantum mechanics.

Conclusion
In conclusion the universe and the solar
system are in constant evolution. They are

GALILEO GALILEI

aristotelico-tolemaico e la chiesa si sente cosi
privata di qualcosa che solo lei poteva spiegare.
Le istituzioni condannano e invitano a ritrat-
tare la teoria, ma Galilei si rifiuta. Ora la teoria
€ accettata ma, I'universo continua a cambiare.

L’'universo e in continuo cambiamento. Un
altro scienziato che contribui al progresso du-
rante la rivoluzione scientifica & Isaac New-
ton. Lui ha contribuito all’evoluzione della
teoria eliocentrica. Newton formulo la legge
di gravitazione universale. Affermava che
due corpi si attraggono con una forza diret-
tamente proporzionale alle loro masse e in-
versamente proporzionale al quadrato delle
loro distanze. Questa & una legge fisica de-
riva per induzione e grazie al metodo empirico.

Giovanni  Keplero scopri invece le
regole che descrivono il movimento dei pi-
aneti del sistema solare. Le regole sono tre:

1.La traiettoria descritta da ogni pianeta e

un’ellisse ed il sole occupa uno dei fuochi.

2.1l raggio vettore che collega il sole al pian-
eta orbitante descrivono aree uguali in tempi
uguali.

3.1l rapporto tra il cubo del semiasse mag-
giore dell’orbita e il quadrato del periodo orbitale
€ uguale per tutti i pianeti.

C’é una nuova idea sull’'universo l'esistenza
del multiverso, cioé un universo al di fuori
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regulated by laws discovered in time by great
scientists including Galilei Newton and Kepler,
who have contributed to the evolution of sci-
ence in general and not only to discover the
laws that run the universe and the solar system.

Iconography

* https://www.google.it/url?sa=i&rct=j&
g=&esrc=s&source=images&cd=&ved=0ah
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it%2F2016%2F01%2F26%2Fgeorges-lemai-
tre-linizio-delluniverso-e-il-dio-nascosto%2F &b
vm=bv.150729734,d.ZGg&psig=AFQCNGGD
KabjrOJI4BFpJkr8t2mUuP-7Q&ust=14907126
62081146&cad-=rit.
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MG9yzRQ&ust=1490712784996149.
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Fscholarsandscientists%2Fgalileo-galilei.html|&
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* https://lwww.google.it/
url?sa=i&rct=j&q=&esrc=s&source=imag
es&cd=&cad=rja&uact=8&ved=0ahUKE
wigj8Du-PbSAhXJvxQKHSgkD3sQjRwIB
w&url=http%3A%2F % 2Fwww.butterflyef-
fect.ca%2FClose%2FPages%2FNewton.
html&psig=AFQjCNGvXh4VLp-UslEpgVk9fBH
57jjmZg&ust=1490713011191143.

* https://www.google.it/url?sa=i&rct=j&q-
=&esrc=s&source=images&cd=&cad=rja&
uact=8&ved=0ahUKEwjM3aSG-fbSAhXE
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2F%2Fwww.astronomiamo.it%2FArticolo.
aspx%3FArg%3DJohannes_Keplero&ps
ig=AFQJCNHPOZSgQNAT2_5sgf7thyJb-
Y0i2Q&ust=1490713054515299.

History of Science and Technology

del nostro spazio-tempo, pud essere anche
definito universo parallelo. Questa teoria &
stata creata nel 1896 da William James, al-
lora questa teoria & stata ripresa da molti
registi per dar vita a film di fantascienza.
Nel 1957, tuttavia, & stato analizzato utiliz-
zando i principi della meccanica quantistica.

Conclusioni

In conclusione l'universo e il sistema so-
lare sono in continua evoluzione. Essi sono
regolati d leggi scoperte nel tempo da grandi
scienziati, tra cui Galilei, Newton e Keplero,
che hanno contribuito all’evoluzione della sci-
enza in generale e non solo per scoprire le leggi
che gestiscono l'universo e il sistema solare.

Bibliography
*Space,http://www.space.com/.

*Amnh, http://www.amnh.org/.
*Astrosociety, https://www.astrosociety.org/.
*Space, http://www.space.com/.

*Sapere, http://www.sapere.it/.

*Sapere, www.sapere.it/.

*Phy6, http://www.phy6.

EPMagazine

The place where you
can always learn new
things.




EPMagazine Gallery
The best EPMagazine covers in my opinion
Alessio D'Augusta

HETORY OF TCNRLE AND TICHROLOCY
TOOHMOLOCY FOR CRITH EMTREY

EUROPEAN PUPILS MACAZINE

1N A

EUROPEAN PUPILS MAGAZINE

'

Lk
or
el

™

;

listory
of Science and Technology

iy e G g e e e e TR N

European Pupils Magazine



History of Science and Technology
European Pupils Magazine

magazine.or magazine.it@gmail.com
Guidelines for Contributors

Authors of original manuscripts who would like their work to be considered for publication in the European Pupils
Magazine are invited to submit their papers to be concerned with the History of Science and Technology as follows:

Papers may be the result of either personal research or classroom practice in the covered topics. Submitted articles should
not have been published or being currently under consideration for publication elsewhere. Submitting an article with exactly
or almost exactly the same content as found in publications of another journal or conference proceedings may result in the
refusal of its publication. Submitted articles have to be sent to issuingepm@epmagazine.org together with the submission
form, includes a list of 10 keywords in each language.

Include in your mail:

a. article both in English and in your mother tongue (*.doc or *.rtf format);

b. FOUR pictures per page (at least) in single *.jpg format files;

c. Submission form filled and signed (do not forget 10 keywords in both languages).

Before adding the files as attachments, please make sure the tables and/or pictures are inserted in the proper place and
the files can be opened without any problems.

Please, classify your manuscript into one of the following sections:

General (Experts’/Teachers’ contribution)

News

Fun Pages

14 to 16 years old (Secondary school)

17 to 19 years old (Secondary school)

19 to 24 years old (University)

Formatted articles should not exceed 4 pages (Din A4) including all tables, formulae and pictures. You have to be in the
possession of the copy-right for submitted pictures and in order to avoid any problems with unauthorized reproduction we
suggest exclusive use of your own pictures. Each image source has to be cited in the

Iconography at the end of the submitted paper. The images must be numerated in the caption i.e. (fig. 1) and in the
iconography as well. To avoid problems with the quality of your pictures in the printed version we ask to submit each picture
in a single file with a resolution of 300 dpi or higher. The EPM Editorial Board reserves the right not to publish all or
some of the included pictures for copyright and/or layout reasons. The last page of the submitted paper has to include the
paragraphs:

Bibliography - Iconography

taking care to follow the rules reported in the guideline files you find at http://epmagazine.org/storage/93/guidelines-and-
other-info.aspx

In addition, the optional paragraph Acknowledgements may be added. To help you submit a suitable article, we add
some further recommendations that will avoid delay in publication and unnecessary work both for you and for our Editorial
Team.

Please use as few special formatting procedures as possible in preparing your manuscript in the text processor. Texts
should be written in a clear language without grammatical and/or spelling mistakes in order to make sure that the reader
understands what you intend to say. If you are not sure whether your work is likely to be published, consult your national
referee or the Editorial Board before submitting the finished article. Have a look at the published articles in the web-editions
www.epmagazine.org

Priority will be given to articles which are expected to interest a broader number of readers. This may particularly be
the case when the covered topic corresponds with curricula in the European Countries. In case different submitted articles
cover Very similar topics, the Edltors w111 also pay attention toa balanced geographlcal dlstrlbutlon

lan A nnot : : fr11h1n.

EPMagazine is an International Educational Scientific Periodical published by a pool
of European Universities and Secondary Schools. Contributions are welcome from every level
of educational institutions, students and teachers.
THE VIEWS EXPRESSED IN THE ARTICLES DO NOT NECESSARILY COMPLY WITH THE
EPM EDITORIAL BOARD’S ONES.

History of Science and Technology



— Brasoy —

COLEGIUL TEHNIC

Colegiul National
“QPoamna Stanca”

Oagaras

senchea



