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Victor Weisskopf, Physics in the 20" Century

“More concerted and systematic effort toward presentation and popularization of
science would be helpful in many respects ... it would make science a more integral pén‘
of our culture today.

Much more could and should be done to bring the fundamental ideas to the intelligent

layman. Popularization of science should be one of the prime duties of a scientist.”

“ .. it is beneficial to the scientist to attempt seriously to explain scientific work to a
layman or even to a scientist in another field. Usually, if one cannot explain one’s work

to an outsider, one has not really understood it.”



“Communicating” physics

What are the aims?

- to raise awareness of physics
- to encourage appreciation of physics

- to increase understanding of physics

What are the problems?
Mathematics is the natural language of physics
E = mc?
s= ut+ /2
Y=(-p7
If people other than physicists are to gain access to the knowledge base
of physics - and also to its excitement and beauty - then physics must be

presented not through mathematics but through the normal languages of

the written (and spoken) word.

This is the art of communicating physics



Commnico.:bzhﬁ sclence,
Le,oP.rox.U:xj ;thjsic.s:

Con & be donae



W.H.Auden, The Dyer’s Hand

‘When | find myself in the company of scientists, | feel like a shabby curate who has

strayed by mistake into a drawing-room full of dukes.

The true men of action in our time, those who transform the world, are not the politicians
and statesmen, but the scientists. Unfortunately, poetry cannot celebrate them, because

their deeds are concerned with things, not persons and are, therefore, speechless.”



Richard Feynman, Feynman Lectures in Physics, vol |

“Poets say science takes away the beauty of the stars — mere globs of gas atoms.
Nothing is ‘mere’. | too can see the stars on a desert night, and feel them. But do | see
less or more? The vastness of the heavens stretches my imagination ... my little eye
can catch one-million-year-old light ... Far more marvellous is the truth than any artists

of the past imagined! Why do the poets of the present not speak of it?”
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What is physics?

Why is the sky blue?
How does an aeroplane fly?
What are we made of?

Where did matter originate?

The Oxford Shorter English Dictionary says that physics is:
‘“The branch of science that deals with the nature and properties of matter

and energy, in so far as they are not dealt with by chemistry or biology.”

Heat, light, sound, electricity, magnetism, gravity, radioactivity: all these are

natural phenomena that the physicist seeks to understand.

Radio, television, microchips, lasers: all these are technologies developed

from the physicist's curiosity to discover more about how things work.



Why care about physics?

It is a science of everyday life.

It is a fundamental science.

It underlies much modern technology and instrumentation.

It is a useful science.

Medical physics
Health and safety
Geophysics
Meteorology
Communications
Forensic science
Metallurgy
Hydrology

Non-destructive testing

Artificial Intelligence
Laser technology
Alternative energy
Enviromental physics
Pollution control .
Aerospace

Optics

Defence

Microelectronics



‘I know well the impression [my apparatus] made on the
average spectator, for | have been occupied in experiments
of this kind nearly all my life, notwithstanding the advice,
given in perfect good faith, by non-scientific visitors to the
laboratory, to put that aside and spend my time on

something useful. ”

From a speech by Sir J.J. Thomson in 1916 on behalf of the
Conjoint Board of Scientific Studies, to Lord Crew, Lord
President of the Council,

J.J.Thomson discovered the electron in 1897, while
investigating the flow of electricity through gases. One
hundred years later, this discovery underpins much of the
technolgy of the modern age.



Why is communicating physics
difficult?

Mathematics is the subject’s basic language
,Y — (I_B 2)—1/2
Common words have specific use
Power
Energy
Force
It deals with the invisible
Forces
Electric charge
Atoms
It defies common sense!
Quantum mechanics

Relativity
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SUPERATbM: The core of a cloud of ultra-cold rubidiurﬁ atoms condenes into a single,
dense “particle” (white spot, center), then evaporates (right) in a fraction of a second
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By MICHAEL D. LEMONICK

OR THREE DAYS ERIC CORNELL KEPT

rechecking his computer, not quite

willing to believe what his eyes and

his instruments were telling him.
There on the screen was a dense knot of
something that had appeared in a cloud of
rubidium atoms. Finally, Cornell had to
acknowledge that it could mean only one
thing: he and his colleagues had created a
new form of matter, predicted by Albert
Einstein more than 70 years ago but nev-
er before seen on earth. Called a Bose-
Einstein condensate, it is a kind of “su-
peratom,” in which individual atoms lose
their separate identities and merge into a
single entity.

When Cornell and fellow physicists
at the JILA laboratory (formerly the Joint
Institute for Laboratory Astrophysics)
in Boulder, Colorado, announced their
achievement in Science last week, their
colleagues around the world were quick to
cheer. “The term Holy Grail seems quite
appropriate, given the singular impor-
tance of this discovery,” wrote Oxford
physicist Keith Burnett in a commentary
that accompanied the report.

The physicists’ excitement comes partly
from the intellectual pleasure of seeing an
important scientific loose end tied up at last.
When Einstein first suggested the idea of
BEC back in the 1920s, building on the work
of the Indian physicist Satyendra Nath
Bose, quantum mechanics was a new and
controversial field. Among its stranger as-
sertions—long since confirmed—was that
atoms and other elementary particles can
also be thought of as waves. The waves are

. really waves of probability, which describe

where an atom is most likely to be at a given
moment (Heisenberg’s uncertainty princi-
ple dictates that you can never say precisely
where an atom actually is).

Einstein argued that as atoms ap-
proach absolute zero (-273.15°C), the waves
expand and finally overlap; the atoms
merge into a single “quantum state.” It's
extraordinarily difficult to get them to 180

though—the point at which the merging
occurs. Thus the Boulder group’s feat was
a technical as well as a scientific one.

They started by barraging their rubidi-
um atoms with lasers, slowing them to a
crawl (heat is really just the motion of
atoms and molecules; slowing therefore
equals cooling). Then they put the atoms in
amagnetic “bottle” that allowed the faster-
moving, more energetic atoms to escape;
those left behind were cooler. Finally, in a
leap of ingenuity that enabled this scientif-
ic team to outflank its rivals, the Boulder
scientists rotated the magnetic field so that
the few cold atoms that were leaking
through a weak point in the bottle couldn’t
find this one escape route.

Does any of this have any practical use?
Perhaps. Beams of BEC atoms might be used &
to inscribe exquisitely small circuits onto the
ultra-compact electronic chips. The atoms
might also be put to work in ultra-precise
atomic clocks. So far, the list of applications
is not very long. But, says Oxford’s Burnett,
“it’s like the beginnings of laser technology.
It’s a solution in search of a problem.” Giv-
en the thousands of ways lasers are used to-
day, that sounds pretty promising.—Reported
by J. Madeleine Nash/Chicago

TIME, JULY 24, 1995
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Science and technology

The motherof all sums

Thursday May 14 1998 The Guardian

Here is the problem: the large
clectron positron (LEP) collider
at Cern whizzes matter and anti-
matter round a vast underground
tunnel at almost the speed of light,
and then stages a head-on collision.
Atany time, there are roughly a
thousand billion bits of matter in
the machine, hitting ea;h other at
« N« S CIENTISTS are using his colleague Steve Abel of Cern, first second of time, if standard amillion times a second.
Is Nature Slmply a Smnlhemalim to predict what £ the Euro;;‘:ln centre for particle theories are correct. In the intense energics of
mathematical whim? the world's biggest machine ¢ physics research at Geneva, have The oddity is that they have collision, there should be echoces

- is likely to find as it probes the first ( been playing with the parameters used something with no physical of conditions in the very carly
Tim Radford I'epOftS moments of the Universe. Ben of the “Big Bang™ to propose the existence — mathematics — togive  Universe. But there is a bewilder-

amod ] answe Allanach of the Rutherford Apple- 7 masses of some 20 particles that shape to things that could exist ing firework display to be studicd

onamode r ton Laboratory in Oxfordshireand  ought to have existed within the only for small fractions of asecond.  every millionth of a second and,
somewhere in the exquisite pattern
of pyrotechnics, there could be the
so-far undiscovered particles —
ghosts that take shape only in the
most extreme energies — that

physicists need to find to confirm
B ' ’ whether their theories of creation
/ . make sense in the first place.
BT Internet.

Thousands of reasons
why we’re a market leader.

catch is that in order to find them,
the experimenters have to know
roughly what they are looking for.
The mystery is that mathematics

It's amazing that
we can describe
physical reality
so simply

can tell them, Allanach and Abel
took the logic of the standard
interpretation and began

the next two or three years. The
With thousands of customers joining each week,
BT Internet is one of the fastest growing Internet
service providers, We make daily investments to
develop and improve the network.
It's hardly surprising that BT Internet is one of
the market leaders.
Simple to use and get on-line:
» easy, to install software
* CD ROM tutorial to guide you
step-by-step on how to get on-line
e 24 hour, seven day a week cuslomer
service to help you when you need it.

"

Easy to pay with two pricing packages:

 Plan 180 - try out BT Internet for just £4.70 a month
(inc.var); for up to three hours Internet access and
your own e-mail address.

« Plan Unlimited - for £11.75 a month (inc. vaT) you
have unlimited access, five e-mail addresses and
5mb of web spacé.

Extra value with all the leading software:

o Internet Explorer 4

« both K56 flex™and X2™* access supported

« Modem & ISDN connections to BT Internet
at local call rate.
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“twiddling” the knobs: they played
with the parameters of the ficld,
mass and energy, in the unusual
conditions of the birth of a Universe
to arrive at a series of limits.

“What we are doing is making
their job easier. It could be that we
are wrong, and that things are
more complicated. But they have
got something solid to shoot at,”
says Allanach. “It's amazing that we
can describe physical reality. The
theories we make are so simple.
You'd expect them to be massive
and really complicated with
thousands and thousands of knobs.
But in the end it does turn out to be
very simple.”

Einstein once observed that the
most incomprehensible thing
about the Universe was that it was
comprehensible, Mathematicians
too, are sometimes astonished by
the way the world seems always to
have conformed to the equations
they have lately devised.

Allanach adds: *Thereisa
suspicion that maybe all we are
doing is finding a mathematical
description for what reality is,
rather than something more
fundamental — discovering the
mathematics that is already in
Nature. There is a subtle difference
between the two, and some overlap
as well. But I find it hard to believe
that we are only cobbling together
from description.

“These very simple theories have

To get your free software

Call Freefone 0800 800 001 now

Pheste o0 quotiz seforrne o Gl

worked so well, and been tested
s0 thoroughly, that I would go
out on alimb and say that we
are discovering that there is
some fundamental meaning in
mathematics that it can describe
all this stuff so well.”

BT Internet

www.btinternet.com

I yous re airsady usng e inbarnet, register with us fodky sl wew binleret com. VISA o MasterCand required Urused tr connot be carried lorwand with Pan 180, '
Crwwges for cata andl new ISON o phone es s addionsl Pan 180 - sddionnl tima £2.36 he. wi per hous. “Current technology meens el masdmum downiosd speeds are Befy fo ba lower than s,
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A storybook élephant is

N THE other side of

the planet, 2

strong team is

struggling to launch

a £186 million
experiment to tackle a ques-
tion that has bothered physi-
cists for years: what is the mat-
ter with the universe?

To be more specific, they
want to know why there is
enough matter to build plan-
ets, stars, galaxies and much
more besides. As an example,
each reader of this article con-
sists of around 50 billion billion
billion protons. But, according
to the standard picture of phys-
ics, we should not exist at all.

Physicists calculate that
equal quantities of matter and
“antimatter” were created in
the Big Bang some 15 billion
years ago. When' matter and
antimatter met, as anyone who
watches Star Trek knows, they

hould have di ed to
of annihilation did occur,
because today's universe is
awash with this energy —
called the cosmic mi

-

and yet huge amounts
of matter remain arof us
and within us?

To find out why matter has
an edge over antimatter, scien-
tists from 10 British institu-
tions, backed by the Particle
Physics and Astronomy
Research

Coundil, are toiling - i

night and day to prepare a new
experiment at the Stanford

The BaBar detector will reveal the

secrets of matter and antimatter

The Pep2 accelerator -
Positron

make B and B-bar partices

The Stanford Linear
Accelerator
Centre In Callfomia

N S WG A D S

Linear Accelerator Centre, e

Slac, in California.

The origins of the experi-
ment date back to 1928, when
the British physicist Paul
Dirac predicted that antimat-
ter can exist. Each particle has
a corresponding antiparticle
which is equal in mass but
msite in other respects,

made artificially in an
accelerator. £
Then the physicist Andrei
Sakharov speculated three
decades ago that a preference
for matter must have arisen a
fraction of a-second after the
Big Bang. To create our lop-

. sided universe there needed to

be only a tiny imbalance, with
as little as one extra particle of
matter surviving out of every
billion created in the primor-
dial inferno.

That is why

© Appleton
lordshire.

Nt N

and the B (matter)
and B-bar particles .(antimat-
ter) it will study. B-bar is nor-
mally written by physicists as
a letter B with a bar on top.

By using BaBar “we hope to
see the tiny differences in
behaviour between matter and
antimatter which will explain
imbalance

Laboratory,

To investigate whether anti-  Oxfi

‘matter really does behave dif-
ferently from matter, 10 coun-
tries have joined forces at Slac
to use “BaBar”, a 1,200 ton
detector that gets its name
fram the storvbook elephant

“Until today we haven't
been able to create
particles to see this effect, or
had detectors able to record
sufficient detail,”” he said.
“BaBar offers us a fantastic

" Linear actelerator

. e e 4 '3

-
Britons were involved in its

development, contributing
£8 million worth of Bri_tish

A computer simulation showing tracks left
by electrically charged parlicles in the
BaBar particie delector. The delector is 15
melres in diameter. The particles come from
the decay of the B end B-bar particles,
which resull from the translorination ol
eneegy into matler and antimalier

e shouldn’t e

said Prof Michael his

components,
Green of Royal Holloway Col-
lege, London. For BaBar's
“calorimeter”, for example,
Hilger Crystals in Margate
o detectors, 3
caesium jodide crystals
that give off green Mashes
when hit them.
To test BaBar, the team
recorded the rain of cosmic

fantasti- as trails of energy in its track-

ing chamber and calorimeter.
Then came the tricky part:
marrying BaBar to the Pep II
accelerator. Last week, these
efforts came.to a head, not
least because Prof Green and

i want to beat a
rival “B factory” being made
ready at the High Energy
Accelerator Research Organi-

Adrian McKemey, a Slac visit-
ing professor from Brunel Uni-
versity in London.

“The levels of radiation are
quite severe,” he said. “The
detector we've built is like a

igh-performance sports car.
We all feel very proud and pro-
tective, but we're about to beat
the living daylights out of it by
taking it off road.”

The first tests, using a beam

aBar.

helpingBritish écientists to eglain the universe. Science Editdr Roger

g G NTER T E r o

rticle’detector:

room was wil
to monitor the readiness of
their detectors, and fussing
over software to read out the
signals from the electronics,”
said Dr Jobn Fry, a Slac visit-
ing_professor from Liverpool
University. =
*Although the first electrons
into Pep II had not been prom-
ised until after raidnight, 30
excited men were

A

ven exist

from BaBar. It would take
some days before physicists
would attempt to steer them
through BaBar and around the
ring, and perhaps two weeks
before counter-rotating beams

“of electrons and' positrons

would collide inside BaBar,
when the experiment would

redoubling their efforts " c

throughout the evening to
make sure that BaBar was
ready,” be said.

In the first trials, the elec-

bursts of .radiation expected
from the electrons crashing
into the steel would not blind

Highfield reports

any of BaBar's detectors. Then
the electron beam struck.

All that was active in BaBar
was its calorimeter, along with
a detector for Cerenkov radia-
tion (given off when particles
outstrip light, which travels
more slowly through the detec-
tor). “There were gasps as
monitors showed the hit pat-
terns in the calorimeter and
Cerenkov detector: both lit up
like Christmas trees as the
debris from the stopped elec-
trons ploughed into them,”
said Dr Fry.

“The data acquisition sys-
tem was not designed to
handle such vast amounts of
data from the Cerenkov detec-
tor, however, and couldn’t
cope,” he said. Experts were
dragged out of bed to stem the
data deluge. “All thoughts of
champagne were forgotten as
everyone got stuck into solving
their problems. By 6am data
was being recorded from all
bar one detector.”

HE British team was

.now in high spirits.

“How can it work so
well?" laughed Dr Jordan
Nash of Imperial College,
who designed the calorimeter
with Dr Fry.

When the day shift arrived |
at 8am last Wednesday, no
one expressed any surprise at
the momentous events of the
previous night. **Recording
data, analysing and display-
ing it, were now routine —
happily for BaBar," said Dr
Fry. By the end of that day,
electrons were were being
steered through BaBar.

“Now all we need is to hit
the antimatter beam coming
the other way,” said Dr
McKemey. “When the beams
collide, we'll see a very
unusual recreation of
‘Beauty’ particles — that died
out about 10 thousand million
years ago ... we are all just
waiting for the unique signa-
ture to find beauty in this
beast.” The first collisions
are expected today.

The race to operate BaBar is
urged on by more than just the
chance to be the first to get a
clearer picture of the birth of
matter in our Universe. With
luck, these experiments will
also endanger the Standard
Model, the theoretical edifice
used by physicists to describe
pature’s fundamental forces
and. particles. The Standard
Model falls woefully short of
explaining the Universe's pre-
ponderance of matter, pre-
dicting around a million mil
lion times fewer protons than
we see today. Whoever can
show why could win a Nobel
prize.

=
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Who might want to know about physics
- and where might they find out?

Specialists - other scientists, educators, students, who will read:
- specialist magazines (eg Physics Today)

- general science magazines (eg Nature, Scientific American)

Decision makers - politicians, media controllers, opinion formers, people
in business and commerce, who will find out about physics from:

- technical and business magazines (eg Computer Weekly)

- newspapers, general magazines

- TV and radio

The general public - includes voters, tax payers and young people, who
might find out about physics from:
- newspapers, general magazines

- TV and radio

These categories involve readers with a wide range of sophistication

To communicate effectively we must reach them all
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“I have written for one who is willing to puzzle through some detailed
arguments, but who is not at home in either mathematics or physics.
... | picture the reader as a smart old attorney who does not speak my
language, but who expects nonetheless to hear some convincing

arguments before he makes up his mind.”

Steven Weinberg in the introduction to “The First Three Minutes”
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© Stan Eales 1992



Victor Weisskopf, Physics in the 20" Century

“A lucid and impressive presentation of some aspect of modern science is
worth more than a piece of so-called original research of the type found in

many Ph.D. theses, and it may require more maturity and inventiveness.”
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Many “popular” expositions of science achieve apparent
simplicity only by describing something different, some-
thing considerably distorted from what they claim to be
describing. Respect for our subject did not permit us to do
this. Through many hours of discussion, we have tried to
achieve maximum clarity and simplicity without compro-
mise by distortion of the truth.

Ricuart FeyNMAN
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What makes for good communication?

Know your story
- what is your aim? what are you trying to convey?

- organise a structure with beginning, middle and end

Know your audience

- do not patronise or condescend

Avoid jargon at all costs

- this tests what you understand!

Use plenty of “signposts”

- remind the reader of unfamiliar concepts
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Finally, the universe was filled with light. This does
not have to be treated separately from the particles—the quan-
tum theory tells us that light consists of particles of zero mass

and zero electrical charge known as photons. (ach time an

atom in the flament of a light bulb changes from a state of
higher energy to one of lower encrev, one photon is emitted.
There are so many photons coming out of a light bulb that
they seem to blend together in a continuous sticam of light,
but a photoclectric cell can count individual photons, one by
one.) Every photon carries a definite amount of energy and
momentum depending on the wavelength of the light, To
describe the light that filled the carly universe, we can sav that
the number and the average energy of the photons was about
the same as for clectrons or positrons or neutrinos.

[Uwill be very helpful here if we now give up the classical
picture of radiation in terms of electromagnetic waves that we
have been using up to this point, and adopt instead the more
modern “quantum” view that radiation consists of p,artﬁicl__(;s;
known_as photons. An ordinary light wave contains a huge

number of photons traveling along together, but if we were to
measure the energy carried by the train of waves very precisely,
we would find that it is always some multiple of a definite
quantity, which we identify as the energy of a single photon.

During the radiation-
dominated era there was not only the same enormous number
of photons per nuclear particle that exists now, but the encigy
of the individual photons was sufficiently high so that most of
the cnergy of the universe was in the form of radiation, not
mass. (Recall that photons are the massless particles, or
“quanta,” of which light, according to the quantum theory, is.

composed.)

Chcq;\’et I'F(c

(nok \isked ft‘\
Mg hdex. }

Clrolpres 1, P~

Conajprer W) 0o H

Skteven WQa}\beq ; " The gn}sh Haren wunaukes



-

is Uk Lootth & 7



It occurs to me that, by attempting to gaze
into an exotic, opposite universe of anumat-
ter, I have at least sharpened my mental
image of this workaday world. I may still
have only a little learning. But it Frank
Close is right, and we are all but a tenth ot
the way along the path of knowledge, then
where’s the shame in that® In the face of
such a journey, the cultural gulf that sepa-
rates scientists from non-scientists shrinks
into relative insignificance. We are all
beginners together.

Dovid Newnham .
“Twa ‘YMCU'\QG OF OJ\RMQ'-“(:

Tha G uordian waakand, 20.4-96



“Great triumphs of science are also true advances of the human spirit”

Dudley Moore on “The Muppet Show”



“The effort to understand the Universe is one of the very few things that
lifts human life a little above the level of farce, and gives it some of the

grace of tragedy”

Steven Weinberg in “The First Three Minutes”





