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Rut herfordos

The rendition on st ltenrciegpht odf tRwet ragrofmorhca® bee
i dea, since he did not know about neutrons, a
charged region at the center of the atom. He
movedrbnts. The other misconception in the di
relative to the space occupied by the orbits,
represented (i f we WwWérmoa gtho tdhorsEiittkeda hteh ennrdtetha ®©
of us | earned in school, we shall find out th
Titus Lucretius (99-55 BCE)
In hisDe Rerum Naturalucretius revived the
atomism of Democritus and Epicurus:
The whole of nature consists of two elements
There are material bodies, and there is empty
space.
The bodies themselves are of two kinds: the
particles
And complex bodies constructed of many of
these;
Which particles are of an invincible hardness
So that no force can alter or extinguish them.
De Rerum Naturdranslated .
by Thomas Creech, 1685 translated by C. H. Sisson,1976
The first quotation is often rendered as TfANot
as originating6®»rBAQE)Democritus (
The second quotati ot dieGseelbe Wmeutptaablie) es a
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Atoms

Carbon Atom by
Ernst Rutherford, 191

concept of the atom is the basi
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Clinamen

The Epicureans however
proposed that there must be
something in addition to atoms
and the void. In Book Il obe
Rerum Naturd.ucretius
suggested that an atom could be
occasionally deflected away
from its completely determined
path This swervec{inamer)
could explain our sense of
choice. The nature of the

clinameni and whether it is —
random or purposefiilis not Bi r-ey@&\sew ofClinamen 2012, by
known. CélesteBoursierMougenot installed at

San Francisco Museum of Modern Art.

The inst@®ll asti oMBbgesoeri s random in the mover
in water activated by a pump, and in the soun

The Swerivtelee tof a 2011 book by Stephen Greenbl
a copyg BérunbyNathuer a talian scholar Poggto Brac
|l ost book on the Renaissance.

Cli namé@®I| e s tMo uBjoeunrosti er
httpssfihmoema. or g/ publ i ¢ca-b o onosuweauenndottr/l/acks/ cel es
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Classical Mechanics

There are three laws of motion:

1. everyobject will remain at rest or
in uniform motionunless acted
upon by arexternalforce

2. force equals mass time
acceleration

3. for every actiorthereis an equal
and oppositeeaction

To these laws can be added the law
universal gravitation: every object
attracts every other object with a
forcewhich isdirectly proportional to
the product of theimasses and

inversely proportionato the square Isaac Newton (1642726)

of the distance betweehem. by Geoffrey Kneller, 1702
The term ficlassical o is often used to denote
Greeks and Romans. However, it i s also used t
evenr |taitree) the music of Haydn and Mozart. Her
Newt onds physics worked well for the planets.

any object greater than an at om.

Determinism

We ought then to regard the present stg
of the universe as the effect of its
anterior state and as the cause of the o
which is to follow. Given for one instant
an intelligence which could comprehen
all the forces by which nature is
animated and the respective situation o
the beings who composeiitan
intelligence sufficiently vast to submit
these data to analysist would embrace
in the same formula the movements of
the greatest bodies of the universe and
those of the lightest atom; for it, nothing
would be uncertain and the future, as th
past, would be present to @ges.

PierreSimon Laplace
(17491827) (Laplace, 1812)

moti ons
hanbdad no
gft hmatgu ne.
i's 1 s the

Newton was able to predict the exact
able to determinesubé asxi dlephoaeeof tp
Newt onds science suggested tthatl awsr
happened by chance, or by choice. Th
by Lapl ace.
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We shall return to this idea Whemt wey,cowlsi dler
concluded t hmaty snwmme bevdmutld y predicted by what
Aindeterminate. 0

Atoms and Molecules

Cly H, 0, H, H, N, H, H, H,

g/18| |8/8(8| |8/8|8]|8
8|8 8|8 o | o

HCl HO H,0 H,0 NH; NH;

In the early 19 Century, chemists such as John Dalton Amdedeo
Avogadro considered atoms to be the fundamental building blocks of mat
These billiard balls joined together to make molecules. Exactly how the
molecules combined whether by hooks or by gliewas not known. The
diagram represents these ideas as presentiditnyAntoineAuguste
Gaudinin 1833.

Cathode Rays

In the late 19 Century
physicists began to pass
currents through glass tubes
that been partially evacuated o
air. When the voltage was high
rays passed from the cathode
(negative) toward the anode
positive). These rays could
make the glass fluoresce whe
they struck it. The illustration
shows a gas discharge tube
such as made by William
Crookes around 1870. The
Maltese cross demonstrates thy
the rays travel in straight lines.

The upper part of the il lustration shows the
passing. The | ower part sSheovwesr ailtvdhiots sbays d & psp loi
bet ween the negative electrode on the Il eft (c
bottom oThitdher ¢eludbas es e lfreacthhreo ncsat(hoadijehloe@reatr@ay s )
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down the tube to the right. Becamnsdce odnd nleirtt it
glass wall of the tube at the right, making i
t he anodes halpheed cmeotsasl pl ate Dbl oeslksa ptelde senlaamtwr a
the gl owing wall ,t haen de ldeeartornesnt g attrianwge It hiann st r ai
Wi ki pedi a:
https:// commons. wi ki media.org/ wiki/File:Crook
Though not known at the time, fluorescence 1is
radi ati onenuintdt itrhgenemreer gy i n the form of | ight
Bohr model of the atom (1913shoTygircavlalvel temeg t
energy) than the emitted radiation, e.g. the
El ectrons in the orbits absorb the energy of
They then qui dkl y ofwelrl olrébak si mtna temit a char a
The fluorescence in glass depends upon i mpur.i
which cause a characteristic green gl ow.
The cathode ray is composedi ofr adieattirmm.s (ak dme
di fference iIis that the electron is charged an
collisions between the incoming electrons and
them to move out tmi thilgihght ocadittlseynrdettihrem teo
Phosphorescence is similar although the emis
Electrons
Using several ingenious experiments
with the cathode ray tube, John
Joseph Thomson showed in 1897 thal
cathode rays were composed of very
lightweight negatively charged
particles. By deflecting the particles
by electrostatic fields he could
calculate the ratio of the charge of the
particle to its mass. He obtained a
value of 1.7 x 10coulombs per gram,
some 1700 times greater than that of
hydrogen ion. He proposed that thesq
particles were held in the atom by
John Joseph Thomson (1856 electrostatics charges like the pieces
1940) by Arthur Hacker, 1903 ©f fruitin @ plum pudding.
The English physicist J. J. Thomson is not to
Thomsonlgqasmmonl y known as Lord Kelvin though
I n the portrait Thomson is holding one of the
J. J. Thomson receivedlahé& Nobel Prize for Ph


https://commons.wikimedia.org/wiki/File:Crookes_tube_two_views.jpg
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Charged plate

Charged plate

Viewing
microscope

I n 1910 RoleSBrat® 93 ) larkdanhi s graduate student H
actual charge of an electron using oi dr ops.
Millikan as the sole author, although much of
F 1l eetrc. h Millikan receiveld9ahhkl eNtobblredr Pwe rzte o m
physics of human speech.
There is also some controversy about data sel
many of the measuremewetsebBwnosg, ber daeherthha
criteri a.

X-Rays

While studying the fluorescent effects of

cathode raysWilhelm ConradRéntgen

(18451923) discovered fluorescence at

a distance away from the tube. This

occurred even when the tube was

covered with cardboard or aluminum.

He attributed this n (

calling it Ax0 to si i

unknown. He found out that xays

would expose photographic paper and

that placing his hand in the path of the

rays would give a shadow picture of its

bones. The discovery found rapid

clinical use Rontgerwas awarded the

first Nobel Prize in Physics in 1901. X-ray of Albert von

Ko | | ihdnd, 1896

KelI'i kerpr oapotne aorfl v hwas ed | cdlhlemagye of R°ntgen

W¢rzbur g.
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Coolidge X-Ray Tube

& High 3
voltage |
Tungsten Electron Filament é)
target stream (cathode)
Vacuum |\

Anode

- Low voltage
Focusing ac.

cup

Radiator Glass
fins envelope

X -rays

In 1913, William Coolidge patented an improveday tube. The tungsten
cathode was heated using a t@aitage circuit, the voltage between anode
and cathode was increased (to about 50 kV) to accelerate the emitted ele
and a special electrostatic cup focused the electron beam on a small ared
the target (which had to be cooled).

Further

not

-hoeveetr

i mprovements were to have
one region.

Radioactivity

In 1896, Henri Becquerel (1852008)
noted that photographic paper was
exposed by uranium even when covere
by dark paper. He initially thought that

this might be causesly R° nt xe n 6
rays but it soon became apparent that tjp;
6rayso were mor e

magnetic fields. In 1898 Pierre and
Marie Curie found that other elements
acted in the same way. They named thg
new elements thorium, polonium and
radium, and first used the term
iradi oactivity. o
received the 1903 Nobel Prize in
Physics.

Phot ograph shows Becquerel i n his

Picton, 2019
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Marie Sk godows
Curie (18671934)

Born in Poland Marie Curie helped
to support his sister through her
medical studies and then came to
Paris to study physics. She was
awarded the Nobel Prize in Physics
in 1903 and the Nobel Prize in
Chemistry in 1911She was the first
woman to receive a Nobel Prize and
the first person to win two Nobel
Prizes. Despite these achievements
she was not elected to the French
Academy of Science.

website deal.

An excell ent
i storvy. aip.orag/ hi

https://h



https://history.aip.org/history/exhibits/curie/contents.htm
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During World War | Mari e Cutwiag ordarcil 2zeadt ard
care of wounded sol dier s.

One of the early papers by the Curies reporte
rapidly than nortnhael tcreelaltsme nTth iosf |teuangosrtsarbey srta d
used in radiotherapy. Radium was -6b0,i epfrl oyd wcseedd
a nuclear reactor, was |l on@Outseeat memntr ewds ca@in
HardolJohns i n Loln9d5oln, Ontari o, in

Marie Curie died of aplastic anemia caused by

Ernest
Rutherford
(18711937)

Born in New
Zealand, Rutherford
studied at Cambridge®
University and then
worked at McGill
University, Montreal,
from 18981907.

While there, he demonstrated that Becquerel rays were heterogeneous. H
called the different components: alpha particles (equivalent to a helium
nucleus), beta particles (electrons), and gamma rays. .

Much of Rutherfordds wor k iiom Ma rtthr &ale deas cko r5
showed that the emiedibo bhetheapamuti altieon of
another element. They al so determined that th
radi oactive material and that radcoacs$eéeve dec
(char a@actgrliitveelsfo) . Rut herford received the Nob
firesearches on the disintegration of the el eme
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Alpha Decay of a U:n:l:—238 nucleus Rad|oact|ve
Parent nucleus ,re
f(&ﬂr- -~ emitted o particle Decay
=a Key
%deoa ;Q( ’ proton
event neutron
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Beta Decay of a Thorium-234 nucleus
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;. 4 '\—‘— / t;mitted B particle
:s:::‘ _\\ gQ“'Q nuc\eusde-excites'
o o
wpa’ W Pa
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|l ustration shows the nasthbhowsot23& dumac
g -2 d@4hTahl efr. b3iviini @ on years) by the release
iagram shows3tdtoh éerde aazy i2ovh auynth ) thvaid thh | ti hvee
of an electron and a gamma ray (photo
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Electron Orbits

In 1911 Ernest Rutherford proposed
that the electrons in an atom orbited
around a tiny central nucleus. This
was based on experiments that
measured the scattering of alpha
particles by a thin sheet of metal. Thi
i mproved on Thoms
pudding model. However, Niels Bohr
(18851962) could not understand
why the orbiting electrons did not just
fall into the nucleus. He therefore
reasoned that there must be many
possible stable orbits for the electrong
Bohr concept of the orbits each associated with a particular
for the hydrogen atom energy level, and proposed this new
structure of that atom in 1913.

Bohr | aterthatastomedst dafate orbits would have a
number offhfewaWew. éverything could be waves ca
Louis de Broglie who in 1924 postulated that
stable orbit around the nucleus could be cons
NobRri ze for Physics.

Emission
Spectra IR

410 nm 486 nm

When excited by
heat or radiation,
elements emit
energy at
discrete lines in
the visible
spectrum. These
are specific to
the element.

[/

The new atomic structure of Niels Bohr provided an explanation for these
emission spectra. When excited the electrons move out to tegkayy

orbits. They then fall back, releasing photons with energy equal to the
energydifference between the orbits

Bohr received the 19202 sNdibenlv eRsrtiizgeatii m nP loys itcdcse
at oamsd of the radiation emanating from them. o

ctra were fiSwetdesit udhi d85By hmmady.

Emi ssion spe
ff and Robert Bunsen itnwoGeirnnvaensyt iigna ttohres

Kircho
11



History of Science Atoms Picton, 2019

AiBhsen burnero tBmiacssiomatepedtdtemanase the oppos
Radi ation passinigl It hreo uglhs ar bnead eati atthev same fr
materi al emits radiation.

20h Century Physics showed that
the world was stranger than we
might imagine.

Complementarity: To explain
earlier findings that light can act
as both a wave and a patrticle.
Bohr (1927) proposed that all
matter at the level of the atom ca
be conceived in these two
complementary ways.

L a VI " .’j
r\Nerner Heisenberg and Niels Bohr, 193

Uncertainty: Heisenberg (1927) showed thaétnore precisely the position
of some patrticle is determined, the less precisely its momentum can be
known, and vice versa

Bohr had won tlh9ez 2Nro bteil s Pwarzke iim defining the e
orbits. Heisendé®r3grwohni st hset updriiezse ofn uncertaint

Complementarity

The two views of the nature of light are
rather to be considerexs different
attempts at an interpretation of
experi ment aiveaeenot de
dealing with contradictory but with
complementary picturesf the
phenomena, which only together offer a
natural generalizatioaf theclassical '
mode of description(Bohr, 1928)

In 1947 when Bohr was awarded the

Order of the Elephant, he chose to place
thetaijitu symbol on his shield. The motto
was fAOpapeoempkementaryo

Thd&aipr t-Yiamg symbol I's part of Taoism. the out
|l ight and dark areas tragpromsentYiint 3 sowmad®irng em
is fire, sky, day, mal e. The symbol i s often
shady sl ope and yang the sunlit

12
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Atoms

Atomic Structure

The nucleus consists of positively
charged protons and uncharged
neutrons. Negatively charged
electrons orbit around the nucleus at
a distance determined by their
energy level (Bohr). The hydrogen
atom has a nucleus with one proton
and a single orbiting electron.

Heisenberg showed that it was
impossible to determine the location
of the electron. Rather it could exist
within the probability density
function (orbital) determined by its
wave function (Schrédinger).

Picton, 2019

shows ho®Bobhhei Reaahef fbhd attoyn cedmaigtexd t o
ions of Schr°dinger. The orbit of an el e
ed path. The electron could occur in a c

Billiard Ball Plum Pudding Orbital System
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Dalton, 1808 Thomson, 1897 Rutherford 1911

Encrgy Levels Particulate Location Clouds

. e
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Bohr, 1913 Rutherford 1920 Heisenberg, 1927
il lustration shows hteheateovnro | utDadnt oonf (hlodw) 8

as tiny billiard ball s. This then chang

cles stuck in a positively charged (Thom
nberg and Scrhbri°tdd Ingd rt Hdaets cfrd Ibleadwdid pr obalt

13
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Atoms

Orbitals

The nucleus sets
up a box or shell
around itself to
contain the
electrons. The
probabilities of
where these
particles exist
take up shapes or
fiforbitals
determined by
wave equations

ster at

- T

— =
— O
© 3

a po
/|l to

utestquant.i

qgue. fr/ enl/

1933 Photograph

Erwin Schrodinger
(1887-1961)
In 1926, Schrédinger created the equations th

would define the behaviaf all subatomic
particles in time and space.

2
2 y(r,0) = — 2y, 1)+ Ve, Dy, 1)
ot 2m

i 1s the imaginary number, /=1

A is Planck's constant divided by 271: 1.05459 x 10 joule-second
w (r.t) 1s the wave function, defined over space and time

m isthe mass of the particle

2 2 2
V2 is the Laplacian operator, 2 + "_., 2
375757

) 1s the potential energy influencing the particle

Schrodinger won

t he Nobel Prize

14
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WAVE
PARTICLE DUALITY

One of the foundational findings of the new p
and at other times | ike a particl e.-paQntei colfe t h
dual ity is the passage ofl il ggbhtweheoagmpasddf
(photons) these would reach all sections of t
cancel each other out at various | ocations gi
Il n guant um mec h an iwehsu @ecatci ho np. h oTthouns iist acts as a
through the grid

One key aspect of quantum mechanics is that m
guantum by coHluamggiiroqp.t Whawawes once a whol e
| iimed by observation.

video clip 1s from
https://toutestquantique.fr/dualite]/

SchrodiCatger 0s

Small Flask of
Hydrocyanic
Acid

Radioactive Geiger

mm:
Substance Counter Reiey RaraTer

........

15
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One of the thought experiments that il lustrat
invol ved Scbafdi Wgec&n i magine how a cat coul
together (with a glass flask containing deadl]l
a small amount of radioactive substanadada.edl f t
during the decay of the radioactive substance
the hydrocyanic acid and killing the cat. At
probability that one. aAomtiwatl|thmee decalgedca:
Physicists are not sure. Some say that the ca
the box and determines the outcome one way or
probabil inscttiiconwatvheatf wnderl i es radioactive dec
uni verses have diverged, with the cat alive i
The experiment is directly related to the pos
knownThe | aws of physics concerning the decay
Al t hough expressed in terms of probability, t
the cat i n the box is indeter miyngtoa., Intotc ae&nwvrem

omni sci entonGoyd .b el to bcsaemr ved.

Mmhe Bi g BanRenimyeoirsy uncertain about whether ¢
ells PSachy°adbogtr 6s cat .

16
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Einstein-Bohr Debates

Albert Einstein was never comfortable
with quantum mechanics, ahdd many (=
debateswitiNi el s Bo hii Gd&d
does not pl feomthese c e
debates. Einsteiftodolskyand Rosen
designed a thougleixperimento
demonstrate the inadequacy of quantum
mechanicsCollapsing the wave function
of one particle of a pair (by observing it)
would affect the measurements of the
other particle in the pair. Einstein
considered that thi

atadi stance. 0
Einstein and Bohr

Brussels, 1934

Picton, 2019

Schr°dinger 6s cat -ewape roinmaedotfls ymdanityradttdeoi ung hatn d B o
1980
ASpooky action at a distanceo0o also goes by th
of the unexplained mysteries of physics.

Participatory

Anthropic

Principle

John Wheeler (1932008), an

American physicist, described

three types of baseball umpires:

Numberl : | enclailklesehd see 6

Number 2emthé waythehates 6

Number 3: Theya i nobhtngt i | | ein cal |l s 6

The second is like Einstein. The third is like Bohr.
The role that observation plays oh tdbeer mi nin
participatory anthropic principle: AThey aind
This principle differs from the more gener al
is fumed to allow the devel opment of consci ou:

17



