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TWO NEW GREAT
INSTRUMENTS WILL START
OPERATION IN THE NEXT
TWO YEARS: [LCLS AND
LLHC.

LLCLS 1S THE ULTIMATE
MICROSCOPE TO STUDY
MATTER AT THE ATOMIC
AND MOLECULAR LEVEL.
[LHC WILL EXPLORE THE
SUBNUCLEAR STRUCTURE
OF MATTER AT THE TEV
LEVEL.

October 3, 2007
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[L.ARGE HADRON COLLIDER

[LHC WILL EXPLORE THE STRUCTURE OF SUBNUCLEAR PARTICLES, -
HADRONS, LEPTONS AND QUARKS- ON THE LENGTH SCALE OF TO™9 M,
AND THE TIME SCALE OF 10720 s,

Parts of the CMS -Compact Muon Solenoid- detector
arrwing at CERN, where it will used on LHC.
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(GOING BEYOND THE STANDARD MODEL:
HIGGS,SUPERSYMMETRY, ... ?

First Observation of the Top quark
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Computer Reconstruction
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Detector View

Physicist Interpretation

C. Pellegrini, UCLA

THE STANDARD MODEL OF
ELEMENTARY PARTICLE: A
WONDERFUL ACHIEVEMENT!
BUT WE WANT MORE ...
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The Generations of Matter



The LCLS
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Los Alamos
sclence serving society

LLCLS 1s AN X-RAY FREE-ELECTRON LLASER OPERATING AT A WAVELENGTH OF
1.5 TO 15 A. IT 1S DRIVEN BY A 14 GEV, ONE KM LONG LINAC. THE ELECTRON
BEAM PRODUCES THE X-RAYS IN AN UNDULATOR MAGNET 130 M LONG.

PHOTON
SOURCE
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[.CLS panoron Purse MAaIN CHARACTERISTICS

PEAK POWER, ABOUT 10 (GIGAWATT OR MORE

* PuULSE LENGTH, ABOUT 100 TO ABOUT I FEMTOSECOND

* 'TRANSVERSELY COHERENT, DIFFRACTION LIMITED

e LiNEwIDTH < 0.001

* TUNABLE FROM I5 TO I.5A

THE X-rAY FEL 1S A POWERFUL TOOL TO EXPLORE MATTER
AND GIVE NEW CONTRIBUTIONS TO SCIENCE.

X-rAY FELs siMiLAR TO LCLS ARE BEING DEVELOPED IN JAPAN AND

Eurore. Two FELs, IN THE FEW NM TO TOO NM WAVELENGTH, ARE BEING

DEVELOPED IN ITALY AT TRIESTE, FERMI, AND TOR VERGATA, SPARCX.
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| FEL Puysics

|
1000000ARARRANI1,
T LTI Xoray

emission
AN ELECTRON BEAM, MOVING THROUGH AN UNDULATOR MAGNET, EXECUTES AN
OSCILLATION TRANSVERSE TO THE DIRECTION OF PROPAGATION. EACH ELECTRON
RADIATES AN ELECTROMAGNETIC FIELD. THE RADIATION ACTS ON OTHER
ELECTRONS, ESTABLISHING A COLLECTIVE INTERACTION. UNDER PROPER
CONDITIONS, THE INTERACTION PRODUCES A TRANSITION OF THE BEAM TO A
NOVEL STATES., IN WHICH THE ELECTRON DISTRIBUTION CONSISTS OF MICRO-
BUNCHES SEPARATED BY THE RADIATION WAVELENGTH, AND THE RADIATION
EMITTED IS COHERENT AND HAS LARGE INTENSITY.

Electron
bunch
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FEL Praysics

THE RADIATION WAVELENGTH IS PROPORTIONAL TO MAGNET PERIOD. A
RELATIVISTIC EFFECT REDUCES THE WAVELENGTH FROM THAT OF THE
MAGNET PERIOD TO A VALUE INVERSELY PROPORTIONAL TO THE SQUARE OF
THE ELECTRON ENERGY.

FOR A MAGNET PERIOD OF A FEW CENTIMETERS AND AN ELECTRON ENERGY
OF ABOUT 10 TO 15 GEV THE WAVELENGTH IS T A, THE BOHR RADIUS.

WHY THIS EXPENSIVE WAY TO PRODUCE X-RAYS, WHEN ELECTRONS WITH AN
ENERGY OF A FEW TENS OF KEV , HITTING A PIECE OF METAL CAN DO IT?

(ONE REASON IS THAT THE RADIATION EMITTED FROM A RELATIVISTIC ELECTRON
IS PEAKED IN THE FORWARD RADIATION, Q~MC2/ E~30Xx107 RAD.

T'HE SECOND IS THAT THE SPECTRUM IS NOT THE CONTINUOUS
BREMSSTRAHLUNG SPECTRUM, BUT IS PEAKED, AND ALMOST MONOCHROMATIC.
WHAT YOU GET FOR THE PRICE IS LASER-LIKE RADIATION.
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FEL pHYSICS: RADIATION FROM ONE ELECTRON

IIIIIIIIIIII/
Electron | ( r r‘ UNDULATOR WITH
bunch ﬁ‘ N,, PERIODS.
al A-ray K=eB,, A,/ 2mmc?

emission
<< N /l >

F.ACH ELECTRON, OF ENERGY F'=MC?Y, EMITS A WAVE TRAIN WITH [V, WAVES

A=A (1+K2/2 +126? )/ 292 AA/A=1/N,,
6 1S THE EMISSION For y=310%, A,,=3 cM, K=3, N, -3300:
ANGLE, 9~]/f}/ A~0.1nm, AA/A~3 10_4, NWA~O.3 wm,
6~30 URAD.
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A PICTURE OF THE SUPERPOSITION OF THE WAVE
TRAINS EMITTED BY MANY ELECTRONS

W’/"‘\‘g’/ﬁ\k’/"‘\‘\w Spontaneous radiation, due to
noise in the initial state electron
distribution -a disordered state-
Intensity ~ N,

SASE leads to an ordered final

state, with the waves from each
MW electron superimposed in

phase-

Intensity ~ N %, 4/3<0<2.
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SASE: A BEAM SELF-ORGANIZATION EFFECT.

PowerR GROWTH IN THE UNDULATOR FROM SPONTANEOUS, .

RADIATION TO FEL. AMPLIFIED RADIATION.

Avg. Fiald Power vs. Z
IN THE INITIAL STATE THE
FLECTRONS HAVE A RANDOM ~ r.c-1al P
LONGITUDINAL POSITION. - Ve
THE WAVE TRAIN FROM THE ~__ , ..o Y
ELECTRONS SUPERIMPOSE f”.
WITH RANDOM PHASE E: 5
(SPONTANEOUS RADIATION). F
THE INTERACTION o /
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ORDERED "“‘”o\ 20 20 g e ac . ’)100
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LCLS: an X-ray laser for physicist, biologist, ...
X-Rays have opened the Ultra-Small World
X-FELs open the Ultra-Small and Ultra-Fast Worlds
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Nature Technology
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Ultra-Fast

Nature

Hydrogen

transfer time
in molecules 100 ps
is ~1ns

Spin precesses H
in 1 Tesla field 10 ps

is 10 ps S

-12
10 s —1ps

Shock wave propagates
by 1 atom in ~ 100 fs

100 fs
Water dissociates in ~10 fs
—> O'O 10 fs
Light t_ravels ANV
1 umin 3 fs

@ 10™"%s

Bohr period of

valence electron

is~1fs
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10%s 1 ns {s
s

Computing time ®~
per bitis ~ 1 ns

1fs —j\'—

Shortest laser
pulseis ~ 1 fs

Technology

B Magnetic recording
time per bitis ~ 2 ns

"

Optical network switching
time per bit is ~ 100 ps

| E Laser pulsed
current switch ~ 1ps

’\f¥\|ﬁ/¥

Oscillation period of
visible light is ~ 1 fs
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LCLS Initial experimental program

i CVON
N‘f Femtochemistry

Nanoscale Dynamics in
Condensed Matter

. Atomic Physics

Plasma and Warm Dense
Matter

Program developed by
international team of ~45
scientists working with
Accelerator and Laser
Physics communities

Structural Studies on
Single Particles and
Biomolecules

October 3, 2007 C. Pellegrini, UCLA  Courtesy J. Hastings



To see atomic motion in chemical reactions.physical and biological g §
processes, we need to shorten the wavelength of light from the visible——
10 X-rays, 10* times, and the time scale from a fraction of a second to veLA
the femtosecond, 10 times.

MUYBRIDGE’S
“ULTRAFAST  MOVIE

THE FLEA SEEN WITH A SPARK PHOTOGRAPHY,
MICROSCOPE, R. HOOKE STANFORD UNIVERSITY,
1665 1878
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Single molecule (nanocrystal, biomolecule) imaging
has been proposed using short-pulse x-ray FELs

Conventional method: x-ray diffraction from crystal

Proposed method: diffuse x-ray scattering from single protein molecule
Neutze, Wouts, van der Spoel, Weckert, Hajdu Nanare 406, 752-757 (2000)

Lysozyme

Calculated scattering pattem
from lysozyme molecule

Implementation limited by radiation damage:

In crystals limit to damage tolerance is about 200 x-ray photons/i\2
For single proteln molecules need about 10'° x-ray photons/A? (for 2A resolution)
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TAKING A PICTURE OF A SINGLE COMPLEX BIOLOGICAL
MOLECULE IN A FEW FEMTOSECOND.

. Courtesy LCLS and /.
Haidu, Lund University
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ULTRAFAST COHERENT DirFRACTIVE IMAGING AT FLLASH,
H.N. CHAPMAN ET AL., NATURE PHYSICS 2, 839 (2006).

multilayer
mirror

.-—-——'-'""__—

=,

s
.

incident
beam path

CCD
sample plate

(COHERENT DIFFRACTION PATTERN RECORDED M-
FROM A SINGLE 25 FS PULSE, AND THE x:i\’
RECONSTRUCTED X-RAY IMAGE, WHICH =

SHOWS NO EVIDENCE OF THE DAMAGE CAUSED

BY THE PULSE.
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: . Overall Challenge: Making the Leap from
Observation Science to Control Science

The things we want to do (i.e. designing materials to have the properties
we want & directing synthesis to achieve them) require the ability to see
functionality at the relevant time, length & energy scales.

We will need to develop & disseminate new tools capable of viewing the
inner workings of matter—transport, fields reactivity, excitations &

motion ENERGY

}

This new generation of
instruments will naturally lead to
devices capable of directing
matter at the level of electrons,
atoms, or molecules.

% ISingle Molecule Reactio

Gene Expression




NEXT GENERATION OF INSTRUMENTS FOR FUTURE SINGLE-

MOLECULE DYNAMIC MEASUREMENTS
WE MUST INTERROGATE MATTER AT A LEVEL MUCH DEEPER THAN THE
MACROSCOPIC AVERAGE TO OBSERVE AND CONTROL THE PROPERTIES OF
INDIVIDUAL MOLECULES OR MICROSCOPIC DOMAINS OF MATERIALS
THE BIGGEST CHALLENGE LIES AHEAD.......

(COMBINING SUB MOLECULAR SPATIAL RESOLUTION WITH FEMTOSECOND
TIME RESOLUTION

FUTURE SINGLE-MOLECULE DYNAMIC MEASUREMENT'S
October 3, 2007 C. Pellegrini, UCLA 19



SCIENTIFIC INSTRUMENTS AND THE BEGINNINGS OF
MODERN SCIENCE

READING AND UNDERSTANDING “ THE GREAT BOOK OF NATURE”, WHAT WE
CALL SCIENTIFIC PROGRESS, HAS ALWAYS BEEN CONNECTED TO THE
DEVELOPMENT OF NEW AND MORE ADVANCED INSTRUMENTS, TO SEE OR HEAR
WHAT OUR NAKED SENSES CANNOT PERCEIVE, AND BY MATHEMATICS, TO MAKE
OUR OBSERVATIONS QUANTITATIVE.
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SCIENTIFIC INSTRUMENTS AND THE BEGINNINGS OF
MODERN SCIENCE

THE COPERNICAN REVOLUTION WAS
FOSTERED BY THE RENAISSANCE
HUMANIST REDISCOVERY OF GREEK
KNOWLEDGE.

150Q-10 ).
(%c ober)3, 2007 C. Pellegrini, UCLA 21

BUT IT ONLY BECAME A SCIENTIFIC FACT
BECAUSE OF THE DEVELOPMENT BY 1YCHO
BRAHE OF INSTRUMENTS TO MEASURE THE
POSITIONS OF PLANETS TO A PRECISION 60
TIMES BETTER THAN HAD BEEN DONE
BEFORE -MOSTLY BY HippArRcUS IN THE 11
CENTURY BCE- AND BY THE
DEVELOPMENT OF THE TELESCOPE TO SEE
THE PHASES OF VENUS AND DEMONSTRATE
THAT THE PTOLEMAIC, EARTH CENTERED
SYSTEM, CONTRADICTED THE
OBSERVATIONS.




GALILEO

GALILEO GALILﬁi o
1503-1642

The eye of the Linx: One of Galileo s telescopes, about 1

m long, magnification 21 times.
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1610: Sidereus Nuncius: sidereus Nuncius: Jupiter’
The Moon satellites
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PuAsESs oF VENUS IN THE PTOLEMAIC AND
COPERNICAN SYSTEMS

FOR THE FIRST TIME IN HISTORY A
CHOICE BETWEEN TWO
COSMOLOGICAL SYSTEMS IS BASED ON
OBSERVATION:

FROM MYTH TO SCIENCE.

y
i

UCLA
GALILEO TO KEPLER, 1610: ...

FROM THE OBSERVATION OF
THESE WONDERFUL PHENOMENA
WE ARE. SUPPLIED WITH A
DETERMINATION MOST
CONCLUSIVE .... weare
absoliely compelled to say
vt Verus (ard Mercury also)
revolve rournd the Siz, as do
also therest of tee plarels.
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DEI LLINCEI

(GALILEO WAS INTRODUCING HIS NEW DISCOVERIES IN THE SKY, BUT HE WAS
ALSO FIGHTING TO INTRODUCE A NEW WAY OF DOING SCIENCE, COMBINING
OBSERVATIONS AND MATHEMATICS, A METHOD TO UNDERSTAND NATURE IN
SMALL STEPS, RENOUNCING THE TRADITIONAL APPROACH TO EXPLAIN
EVERYTHING FROM FEW GENERAL PRINCIPLES.

IN HIS FIGHT HE FOUND HELP AND SUPPORT FROM THE MEMBERS OF THE NEWLY
FOUNDED ACCADEMIA DEI LINCEI.
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ON AucusT 17, 1603, FEDERICO CESI, HIS COUSIN
ANAsSTASIO DE FiLiis, FRANCESCO STELLUTI AND JAN
Heckius, WHO HAD LEFT THE NETHERLANDS AND STUDIED
MEDICINE IN PERUGIA, MET IN VIA DELLA MASCHERA

D’ ORro, IN ROME. CESI WAS 18 YEARS OLD, AND HIS
FRIENDS WERE 25. THEY FOUNDED THE ACCADEMIA DEI
LLINCEI TO STUDY THE NATURAL SCIENCES.

Federico Cesi
1585-1630

Francesco

Stellua
1577-1053
October 3, 2007 C. Pellegrini, UCLA 26



NATURAL SCIENCE AND THE ~ACCADEMIA DEI LINCEI &

BETWEEN 1603 AND 1609 THE ACCADEMIA COULD NOT BE VERY ACTIVE, FOR
THE OPPOSITION OF CESI’S FATHER. AFTER HIS DEATJ, IN 1609, CESI GAVE A
NEW IMPETUS TO THE ACCADEMIA. IN 1610 GIOVAMBATTISTA DELLA PORTA
JoINS THE LINCEL IN 1611 GALILEO GALILEI BECAME A MEMBER DURING HIS TRIP
TO ROME. MANY MORE IMPORTANT ITALIAN AND EUROPEAN SCIENTISTS JOINED
THE ACCADEMIA IN THE FOLLOWING YEARS AND IN 1625 THERE WERE THIRTY
TWO MEMBERS.

October 3, 2007 C. Pellegrini, UCLA 27



[ .YNCEOGRAPHUM AND  DEL NATURALE DESIDERIO

99
DEL SAPERE
LYNCEOGRAPHVM
QVO ] Naria Prmcipis Casii  *
N ORMA STVDIOSEVITA Bisr BN

LYNCEORVM PHILOSOPHORVM b Skl

&

<

THE GOALS OF THE ACADEMY WERE EXPLAINED IN A FIRST
DOCUMENT STARTED IN 1604, THE LYNCEOGRAPHUM,
PUBLISHED ONLY RECENTLY BY THE ACCADEMIA DEI LINCEL.
ANOTHER DOCUMENT “DEL NATURAL DESIDERIO DI SAPERE ..."~
WAS WRITTEN SOME YEARS LATER (1616)

October 3, 2007 C. Pellegrini, UCLA
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DEL NATURAL DESIDERIO DI SAPERE ...

THIS DOCUMENT CONTAINS MANY OF THE GALILEIAN ARGUMENTS
AGAINST THE CHURCH AND ARISTOTELIAN ESTABLISHMENT.

“SARA’ IMPEDITO IL SERVIRSI DELLA RAGIONE DA D10 DONATACI NELLO
STESSO RISOLVERSI A VALERSI DI ESSA? CHE INCOLPAREMO? ...~

“(JUESTA APPASSIONATA AMICITIA DELL AUTORI, GIA” ESPRESSAMENTE
PROIBITA D’ ARISTOTILE, HORA COSI ESQUISITAMENTE SEGUITA DALLI
ARISTOTELICI, N" IMPEDISCE NON SOLO LA NECESSARIA LETTIONE DEL LIBRO
DELL’UNIVERSO, MA ANCO DI QUALSIVOGLIA LIBRO CHE NON SIA USCITO DALLA
FAVORITA SETTA E DA” CARI MAESTRI; ...~
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DEL NATURAL DESIDERIO DI SAPERE ...

“DOBBIAMO ANCO OSSERVARE CHE L' ISTESSA LAUREA, INSTITUITA GIA’ PER

UCLA
ORNARE IL. COMPIMENTO DELLE SCIENZE E VENIR PERCIO’ AD ESSO INCITANDO,

MENTRE SI VEDE CHE INDIFERENTEMENTE CORONA TUTTI QUELLI CHE FINISCONO IL
CORSO SENZA RIGUARDO ALCUNO NE DELL’ARRIVARE NE DEL ZOPPICARE O
ANDAR DRITTO, VIENE A PORRE META E TERMINO, ORDINARIAMENTE, ALLE
STUDIOSE FATIGHE DI CIASCHEDUNO, ....

October 3, 2007 C. Pellegrini, UCLA 30



DEL NATURAL DESIDERIO DI SAPERE ... .

“(GODER SIMILMENTE DELL UTILE, DELL INVENTIONI E GRANDI E MIRABILI CHE
VERRANNO DALL’ACUTEZZA DI TALI INGEGNI, MENTRE NEL CONTINUO RICERCARE,
SPERIMENTARE E CONTEMPLARE, DISCOPRONO LE PROPRIETA’ DELLE COSE E NE
NOTANO SEMPRE L’ EFFETTI E LE CAGIONI. CoSI NASCONO L INSTRUMENTI
AMMIRANDI, SI TROVANO I PIU’ RARI MEDICAMENTI, 1 FUOCHI, L.” ARMI, LE DIFFESE,
LE MACHINE, LE EVASIONI D’ ACQUE, TANTI SECRETI PER FACILITA’ DELL’ ARTI
NECESSARIE AL VITTO HUMANO, PER I COMMODI, PER LA SANITA’, PER IL VITTO
STESSO, COME PUOL VEDERSI PRESSO I NATURALISTI ESSERE FATTO SIN HORA, E
PARTICOLARMENTE NELLA NOSTRA FILOSOFICA PANURGIA MOSTRAREMO.
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Il

e iy
THE “ACCADEMIA DEI LLINCEI” AND NATURAL SCIENCES lﬁ!

e
=

WHILE THE INTEREST OF THE MOST FAMOUS ACADEMICIAN, GALILEO, WAS UCLA
MAINLY DIRECTED TO PHYSICS AND ASTRONOMY, CESI, STELLUTI, FABER AND
OTHERS WERE MAINLY ORIENTED TOWARD THE STUDIES OF ANIMAL AND PLANTS.

“Cosr’, SE GALILEO FU IL PRIMO A INDIRIZZARE AL CIELO IL TELESCOPIO, I
SUOI COLLEGHI LLINCEI FURONO I PRIMI IN ITALIA A RIVOLGERE IL
MICROSCOPIO SUGLI ESSERI DI GRAN LUNGA PIU’ PICCOLIL; E CIO” NON PER
SEMPLICE CURIOSITA” E DILETTO, MA PER VERO STUDIO SCIENTIFICO O
RICERCA NATURALISTICA.

G. GABRIELLI IN RENDICONTI REALE ACCADEMIA D’ITALIA, T94T

AND WE CAN ALSO SAY THAT THEY WERE THE FIRST, NOT ONLY IN ITALY
BUT IN THE WORLD, TO PUBLISH THE RESULTS OF THEIR SCIENTIFIC
MICROSCOPIC OBSERVATIONS.
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(GALILEO THE LINCEI AND THE MICROSCOPE Lol o
Eiile
GALILEO VISITED CESI IN ACQUASPARTA ON THE WAY TO ROME, IN APRIL 1644A
THE LYNCEAN STELLUTI AND FABER WERE ALSO IN ACQUASPARTA DURING THE
vISIT. IN ROME, AMONG OTHER THINGS, HE SHOWED A MICROSCOPE TO TWO
CARDINALS.

IN SEPTEMBER, GALILEO SENT A LETTER AND A MICROSCOPE TO CESI, WITH
INSTRUCTIONS ON HOW TO USEIT : ... | AM SENDING YOUR EXCELLENCY AN
occhialino TO VIEW THE SMALLEST THINGS AS IF FROM NEARBY. ... | HAVE BEEN
SLOW IN SENDING IT TO YOU BECAUSE AT FIRST | WAS UNABLE TO PERFECT IT,
HAVING HAD SOME DIFFICULTY IN FINDING THE CORRECT WAY OF CUTTING THE
CRYSTAL PERFECTLY .... | HAVE CONTEMPLATED VERY MANY SMALL LITTLE
ANIMALS WITH INFINITE ADMIRATION: AMONG WHICH THE FLEA IS THE MOST
HORRID, THE MOSQUITO AND THE MOTH VERY BEAUTIFUL. | HAVE ALSO SEEN
WITH MUCH PLEASURE HOW FLIES AND OTHER LITTLE ANIMALS WALK ON

MIRRORS AND ARE ALSO SEEN FROM BELOW.
October 3, 2007 C. Pellegrini, UCLA 33



THE WORD “MICROSCOPE~ AND MORE MICROSCOPIC
OBSERVATIONS.

IN A LETTER TO CESI IN MAY 1624 FABER WRITES: “..] FEW DAYS AGO |
LOOKED THROUGH AN OPTICAL TUBE OF MARVELOUS CLARITY, AND WAS
ASTONISHED BY WHAT | SAW. IT WAS MADE WITH GREAT SKILL AND CRAFT BY
TWO GERMANS WHO BROUGHT IT TO MY HOUSE AND PRESENTED IT TO ME.
SINCE IT WAS MADE FOR THE OBSERVATION OF VERY SMALL THINGS, |
DECIDED TO CALL IT A MICROSCOPE, BY ANALOGY WITH THE TELESCOPE. |
EXAMINED A LOUSE, THAT DIRTY LITTLE ANIMAL AND NOT INFREQUENT
COMPANION OF MAN, AND SAW NOT ONLY HIS MOUTH, BUT ITS EYES, BEARD
AND TWO LITTLE HORNS ON ITS FOREHEAD. | EXAMINED ITS THREE VERY
LONG AND ARTICULATED FEET ON EITHER SIDE OF ITS BODY, EACH HAD TWO
CURVED CLAWS, ONE LONG AND ONE SHORT, WHICH TOOK THE PLACE OF THE
THUMB. WITH THESE IT GRASPS THE SKIN, AND THEN CRAWLS ...”
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UNITY OF SCIENCE AND INTERDISCIPLINARY RESEARCH. V
b T
(GALILEO SAW HOW THE " OCCHIALINO, THE MICROSCOPE, A DERIVATIVE .w...!wi'
TELESCOPE AND OPTICAL SCIENCE, COULD BE USED TO EXPLORE THE WORLD(G¢LA
“LITTLE SMALL THINGS , WHAT TODAY WE CALL THE MICROSCOPIC WORLD. IN
PARTICULAR HE SAW HOW TO USE IT IN THE NATURAL SCIENCES, TO SEE PARTS OF
ANIMALS THAT WERE INVISIBLE TO THE NAKED EYE.
IN Two NEW SCIENCES HE SHOWS THE UNITY OF SCIENCE BY APPLYING THE
SCALING LAWS, DERIVED FOR THE RESISTANCE OF MATERIALS, TO THE BIOLOGICAL
WORLD: “OR VEGGHINO COME DALLE COSE SIN QUI DIMOSTRATE APERTAMENTE SI
RACCOGLIE L TMPOSSIBILITA” DEL POTER NON SOLAMENTE L. ARTE, MA LA NATURA
STESSA, CRESCERE LE SUE MACCHINE A VASTITA” IMMENSA: SI CHE IMPOSSIBIL
SAREBBE FABBRICARE NAVILLI, PALAZZI O TEMPLI VASTISSIMI ... COME ANCHE NON
POTREBBE LA NATURA FAR ALBERI DI SMISURATA GRANDEZZA, ... PARIMENTE
SAREBBE IMPOSSIBILE FAR STRUTTURA DI OSSA PER UOMINI, CAVALLI O ALTRI
ANIMALI, CHE POTREBBERO SUSSISTERE E FAR PROPORZIONALMENTE GLI AFFARI

LORO MENTRE TALI ANIMALI SI DOVESSER AGUMENTARE AD ALTEZZE IMMENSE .. .”
October 3, 2007 C. Pellegrini, UCLA 35



FROM TELESCOPES TO MICROSCOPES

THE MICROSCOPE WAS DEVELOPED ALMOST AT THE SAME TIME OF THE |
TELESCOPE. CREDIT FOR THE FIRST MICROSCOPE IS GENERALLY GIVEN TO UCLA
/ ACHARIAS JANSEN AND JOHN LIPPERHEY IN 159O.

T'HE EARLIEST RECORDS OF
MICROSCOPIC OBSERVATIONS,
MOSTLY OF A BEE, DATE
FROM 1625 AND 1630 AND
WERE THE WORK OF
STELLUTI , CESI AND FABER
(1577-1653), FOLLOWING
THEIR MEETING WITH
GALILEO. THEY WERE
PUBLISHED IN THE APIARIUM,
THE MELISSOGRAPHIA AND

PErsio TrRADOTTO.
October 3, 2007 C. Pellegrini, UCLA 36

F. Stellui, Perswo 1radotio, 1650



Francesco Seellui: the weevil, in Persio tradotto

October 3, 2007 C. Pellegrini, UCLA 37
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THE BEES AND THE BARBERINIS

THE CHOICE OF THE BEES FOR THE FIRST
MICROSCOPIC OBSERVATIONS WAS AN HOMAGE TO
UrBaNo VIII, THE NEW BARBERINI POPE
ELECTED IN 1623, A FRIEND OF GALILEO AND
OTHER LYNCEANS. THEY HOPED THAT URBANO
VIII woULD HELP, OR AT LEAST NOT OPPOSE,
THE IDEAS OF THE NEW SCIENCE THEY WERE
PROPOSING AND FIGHTING FOR.

THE HOPE WAS KILLED BY GALILEO’S TRIAL A
FEW YEARS LATER. URBANO VIII DID NOT SAVE
(GALILEO AND HIS NEW SCIENCE.

Urbano VIII - Maffeo Barberini
1508-1644- 1623-1644

October 3, 2007 C. Pellegrini, UCLA 39



CEsr’s THEATRUM NATURAE

IN 1617 CESI STARTED TO WORK ON AN ENCYCLOPEDIC PROJECT, THE
THEATRUM ToOTIUS NATURAE, WHICH WAS NEVER COMPLETED. ONLY A PART
OF IT,THE TABULAE PHYTOSOPHICAE, DEDICATED TO FRANCESCO BARBERINI,
WERE PUBLISHED AFTER HIS DEATH. BUT AM ENORMOUS QUANTITY OF
MATERIAL, THOUSANDS OF BEAUTIFUL DRAWINGS OF PLANTS AND ANIMALS,
WERE PREPARED FOR THIS PROJECT [1]. SOME OF THESE DRAWINGS SHOW AGAIN
MICROSCOPIC OBSERVATIONS.

THE MAIN GOAL OF CESI AND THE OTHER LINCEI WAS TO PRODUCE A SCHEME
OF DOCUMENTATION AND CLASSIFICATION OF THE INFINITE VARIETY OF PLANTS
AND ANIMALS. THEY USED THE MICROSCOPE TO HELP REACH THIS GOAL.

[1] SEE D. FREEDBERG, THE EYES OF THE LINX

October 3, 2007 C. Pellegrini, UCLA 40



BRIEF HISTORY OF THE LYNCEAN DRAWINGS UC:L.A;

AFTER THE DEATH OF CESI IN 1630 ALL HIS DOCUMENTS, MANUSCRIPTS
BOOKS AND SCIENTIFIC INSTRUMENTS DOCUMENTS WERE ACQUIRED BY
ANOTHER LLYNCEAN, CASSIANO DEL P07Z0, ENCOURAGED BY STELLUTI, IN
1633. THAT WAS THE YEAR OF GALILEO’S TRIAL. ALL THIS MATERIAL BECAME
PART OF (CASSIANO’S MUSEUM CARTACEUM. THEY INCLUDED THE
NATURALIST DRAWINGS OF PLANTS AND ANIMALS, INCLUDING THOSE SHOWING
MICROSCOPIC OBSERVATIONS.

From CASSIANO THEY BECAME PART OF THE ALBANI LIBRARY COLLECTION IN
ROME IN 1703. LATER ON, THROUGH DIFFERENT AVENUES, THE DRAWINGS
WENT TO THE WINDSOR ROYAL COLLECTION, THE LIBRARY OF THE INSTITUTE
DE FRANCE, AND IN LIBRARY OF THE MEDICAL SCHOOL IN MONTPELLIER.

October 3, 2007 C. Pellegrini, UCLA 41



Pregnant orange,

Stages of growth of a fungus, V. Leonardi, Windsor, Royal

V. Leonardi, Windsor, Royal Collection
Collectsgat s, 2007 C. Pellegrini, UCLA 42



Head of Broccoli,
V. Leonardi, Windsor, Royal
Collection

October 3, 2007 C. Pellegrini, UCLA 43



Corals, stones, fossils and others

Windsor, Royal Collections

October 3, 2007 C. Pellegrini, UCLA 44
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[ _YNCEAN DRAWINGS AT THE LIBRARY OF THE
INsTITUTE DE FRANCE, PARIS.

THE DRAWINGS, IN 8
VOLUMES, BELONGED TO THE
ALBANI LIBRARY IN ROME
AND WERE TAKEN, DURING
THE OCCUPATION OF ROME
IN 1798, BY THE FRENCH
OFFICER ORTEIL. HE soLD
THEM TO A COLLECTOR, WHO
LEFT THEM TO THE INSTITUTE
IN 1874. SOME OF THE
DRAWINGS SHOW
ANNOTATIONS BY CESI
HIMSELF. THEY WERE DONE

BETWEEN 1623 AND 1623.
October 3, 2007

Jrst microscopic
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Common Juniper,

observation of a

ZYMmnosperin.

THE DRAWINGS HAVE NOTATIONS ON THE

PLACE WHERE THE PLANTS WERE FOUND, AND

THE USE OF THE MICROSCOPE.

C. Pellegrini, UCLA
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— Lolyporus woeraster Jacq. : F. Cesi, Watercolor for 7%eawamn
Natwrae, photographic reproduction from the original at the Institute
de France, Pars.

October 3, 2007 C. Pellegrini, UCLA 47
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Myxomycetes Arcyria, Inst. De France,
Paris
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Stick insect, and Praying Manthis,
Inst. De France

October 3, 2007 C. Pellegrini, UCLA 49



Semina ex Mizeagp: .

Semina e Jt;’mﬂga:

Underside of various ferns, Inst. de France
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CEsr’s THEATRUM NATURAE

THE NATURALIST RESEARCH OF CESI, STELLUTI AND OTHER MEMBERS OF
THE ACCADEMIA DEI LINCEI, CAN BE CONSIDERED AN IMPORTANT STEP
FROM THE TRADITIONAL APPROACH, FOR INSTANCE THAT OF ALDOVRANDI,
TO THAT OF LINNAEUS, WHO PRODUCED THE CRITICAL ADVANCE IN THE
CLASSIFICATION OF ANIMALS AND PLANTS.

October 3, 2007 C. Pellegrini, UCLA 53



AFTER CESI

i

UCLA

Seed of a chinese rose seen at the
microscope, in terrart, De Florum
Cultura (1633)

FLngraving by Cornelius Bloemaert.

October 3, 2007 C. Pellegrini, UCLA 54



AFTER THE LLINCEI

HOOKE DEVISED ONE OF THE BEST

MICROSCOPES OF HIS TIME - THE WORLD'S
FIRST COMPOUND MICROSCOPE COMPLETE
WITH IRIS DIAPHRAGM AND ILLUMINATION.

October 3, 2007 C. Pellegrini, UCLA 55



Hooke M1CROSCOPIC STUDIES

AS FOR THE TELESCOPE THE MICROSCOPE DEVELOPED RAPIDLY. ROBERT
(1635-1703 ) PUBLISHED HIS STUDIES IN MICROGRAPHIA, HIS MOST WELL UCLA
KNOWN WORK, IN 1665. HOOKE’S HIMSELF MADE THE BEAUTIFUL DRAWINGS OF
HIS OBSERVATIONS. THE BOOK WAS PUBLISHED BY THE ROYAL SOCIETY.

MlCROGRAPHl A:

1)""11’ (?/ [Jv/ a5

MH\UTE BUDIES

MAG "JI!\[\( tl.\nl\

W
Qussrvariows and ITwetishyxs thereupon,

by R, HOCEE, Fellow ol'ths Ravon Sociery

Drawing of aflea e
Jfrom Micrographia

October 3, 2007 C. Pellegrini, UCLA 56



THE END OF THE LLINCEI

THE PREMATURE DEATH OF FEDERICO CESI IN I630FE AND THE TRIAL OF
(GALILEO HAD A DRAMATIC EFFECT ON THE DEVELOPMENT OF THE “NEW
SCIENCE “ IN ITALY. THE NEW SITUATION IS WELL SUMMARIZED BY MILTON,
AN ADMIRER OF GALILEO, THAT HE HAD PRAISED IN ~ PARADISE LLOST”:

JouN MiLToN (1608-1674) . FrROM PARADISE LosT (BoOK 1, LINES 283-91)
THE BROAD CIRCUMFERENCE

HuNG oN HIS SHOULDERS LIKE THE MOON, WHOSE ORB

THrouGH OprTiC GLASS THE TUSCAN ARTIST [ GALILEO] VIEWS

AT EV/NING FROM THE TOP OF FESOLE,

OR IN VALDARNO, TO DESCRY NEW [LANDS,

RIVERS OR MOUNTAINS IN HER SPOTTY GLOBE.

October 3, 2007 C. Pellegrini, UCLA 57



T'HE END OF THE LINCEI -
MILTON WENT TO ITALY FOR THE DEATH OF HIS MOTHER IN 1637 AND RETURRED
IN 1639. HE VISITED GALILEO, AND REFERS TO THIS VISIT IN AREOPAGITICA, A
DISCOURSE TO THE LORDS AND COMMONS AGAINST REQUIRING ALL PRINTED
BOOKS TO BE LICENSED: "I COULD RECOUNT WHAT | HAVE SEEN AND HEARD IN
OTHER COUNTRIES, WHERE THIS KIND OF INQUISITION TYRANNIZES; WHERE | HAVE
SAT AMONG THEIR LEARNED MEN, FOR THAT HONOR | HAD, AND BEEN COUNTED
HAPPY TO BE BORN IN SUCH A PLACE OF PHILOSOPHIC FREEDOM, AS THEY
SUPPOS’D ENGLAND WAS, WHILE THEMSELVES DID NOTHING BUT BEAMON THE
SERVIL CONDITION INTO WHICH LLEARNING AMONGST THEM WAS BROUGHT; THAT
THIS WAS IT WHICH HAD DAMPT THE GLORY OF ITALIAN WITS; THAT NOTHING HAD
BEEN THERE WRITT'N NOW THESE MANY YEARS THAT FLATTERY AND FUSTIAN.”

October 3, 2007 C. Pellegrini, UCLA 58
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Phidia, Athens

about 440 B. C.

October 3, 2007

WHY SCIENCE?

For we should not do physics by
following groundless postulates and
stipulations, but in the manner called
for by the phenomena; for our life

does not now need irrationality and
groundless opinions, but rather for
us to live without fear and with

peace of mind.

...Epicurus (circa 350 BCE) , letter to
Pythocles

C. Pellegrini, UCLA 59



