From William Gilbert to Tim Berners-Lee:
the 400-year history of the men and
women who made the internet possible
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# of science facts worth citing

in 2000 was 0.5 million times

10+ I than th lue i
. arger an e value In
AHIStOVYOf Eignsteinés mi rrpadql e vy
the Volume
Science 10*
Research
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Rise between Faraday and  ;#
Elnstelngearbyra'
factor 150

Bornmann,L. and R.Mutz
(20 1CBo)Nth rates of
modern science: A
bibliometric analysis based
on the number of
publications and cited
ref er e.rAssecslmf.,
Sci.Tech. 66 (11), 2215
2222. DOI:
10.1002/asi.23329
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Science Consensus
@MSs ay pns kpnHws Hns@s

4 (compound noun)

The solar science community at the STERES0OHQ22
WorkshopBournemouth, UK April/May 200

John Michael Ziman (1925-2 005 ) : A Th
science Is a consensus o f rati onal 0

. Wi ki pedi a: Nt he col |l ect
opinion of the community of scientists in a particular
field of study. Consensus implies general
agreement, though not ne




PHILOSOPHICAL
TRAI\SACTIONS

How we arrive at a scientific
A C C O M POE

CONSENSUS. peer review g S e
_ _  INGENIOUS

ﬂP Ee . review I's Br il U o

contribution to science - bar none! . WORLD

ﬂfirst Introduced in 1665 by German
Immigrant, Henry (formerly Heinrich)

Ol denburg, founding
oldest scientific journal: Philosophical
Transactions of the Royal Society

ﬂ formal peer-review procedures as we
know them today, developed from his ideas
by Sir Francis Bacon & applied to Medical
Essays and Observations published by the
Royal Society of Edinburgh in 1731.

ﬂlt |l S how science



Peer review avol ds t
westo we now have o

ARE YoU COMING Tp RED?

) T CANT THIS
1S IMBORTANT.
WHAT? |

] SOMEOME 15 WRONG
ONTHE INTERNET.

A

ﬂ As famously
observed by xkcd
(Randall Munroe)

ADuty Ca¥LEo
1st December 2011

|



. k4, .8Scientific Consensus at work:
@B i nsteinds r el

: & 11 Euentlflc objections started to fall away
‘@ ftser Eddi ngtonos 19109
onsistent with general relativity (GR).
ﬁ‘De Nnounc dudlischesPhysik by e.
Berlin Philharmonic Hall event & by newspapers

T Herbert Dingle (spectroscopist). From 1939
< 0" T Nature letter to his death in 1978, he tried to
publish articles about
S relativity (SR) was wrong. His 1972 book talked
7888 of a conspiracy by the
r2e B2 Stj|| widely cited T but only on the internet
ﬂ Sat-Nav: GPS (designed 1972, first launch
1978) use corrections for both SR and GR on
its satellite clocks. 1ns timing error - 30cm
position error, Without SR and GR error grows
at 2km and 13 km per day, respectively!
Scientific c onsensus really matters .
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Willlam Gilbert(154421603) | =
Doctor to Queen ElizabetrandJamesl | S=

In 1600published: 0 2 2 Nlagnetd (®n
Loadstone, Magnetic Bodies, and on the Gre
al Ay SaG 27T {poSumdusi)gisK)
Mundo (New Phllosophy about our Sublunarf
2 2 NI RO ¢ |

Considered by many to be the first modern ,
scientist who greatly influenced many others ——===
including Johannes Kepler and Galileo Galilg - A

Called the spark generated by rubbingpd of ="t
| Yo S NJ ﬂ A L' Ketrikug O FalR Y A= Al =
now caII (static) electricity

The word * " was first used in 1646 by
the English polymath Sir Thomas Browne
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technologicatapabilityindex,1/Dt (yrs?) -
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A Johannes Gutenberg (Mainz, 1436). (" wooue bumsatcinontqu fm

A First Book: the Bible

** William Caxton (Westminster, 1476)
CANBR U

(]

*** Current Events from Italy, Germany, et
(Amsterdam, the Netherlands, 1616)

B *** The Oxford Gazette (Oxford, 1665)
¢ renamed the London Gazette in 1666
and still printed today

The printing

press

_First printing in England **
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T3ran

cidut cod forfete foz Hpe BAfut mpahe

Courante uyt Tralien, Duytllande; &c.

The Oxford Gazette.

Nomb, 4,

Publithed by’ Authority,

1600: The concept of
electric charge

First broadsheet newspaper***

First British newspape

Frem Tharfday November 23. 1 Monday November 27, 1665,
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-~ Power supply

= 1820: Hans Christian @rsted shows an electric current
generates a magnetic field

= 1831: Electric dynamo invented by Michael Faraday

( hhomopol ar -CGpeerts mexhamcal onption into
l electricity (AC or DC)

a2RSf 2F aAOKISf CINIRI&Qa Ryl Y2

D. Rotating copper disld. Horseshoe shaped magnaet.sliding contact touching the edge o
the diskBand. (Zonnector binding posts €bnnects tan and B connects to the disc axle



Faraday on the money

«‘3"30 bw\T\T CIRNGHLANTD =

"'/'/ RANEH

A . nOne
Michael Faraday

in reply to chancellor William Gladstone when

asked what use was electricity

B . n Wh at us

Michael Faraday

In reply to an unknown individual
when asked what use was electricity

‘:mi“ TWENTY -;'f'”}f":';‘.:.-'.‘:-‘-;

day,

e

~ £20)

Y OxMessed/dimila

@ University of
Reading

Sadly both suffer from the
Twain/Churchill/Orwell
phenomenon of apocryphal or
wrongly attributed quotes.
There is no evidence that he
ever saidA (altho h he
entin‘ien@; 3
In a less pithy Way in his
lectures). It first appears in the
1899 book by W.E.H. Lecky
O0Democracy Banc
comes from a lecture Faraday
gave on the chemistry of
ehw opionreni np @yt
those who are in the habit of
saying to every new fact,
"What | 3Dr Franklin v
says to such, 'What is the use
of an i1 nfant ?¢
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domestic power station?




GODALMING, SURREY

¢KS 62NI RQa TFTANALU
and grid, supplying street lightirand
homes.

Opened on 26 September 1881

Hydroelectric powered by the river
Wey at Westbrook Mill

LJdzo f AN

>

J
LI2rgeS ) &

b 3

GODALMING
LEADS THE WORLD IN
INSTALLING ELECTRICITY ]

IN THE MIDDLE OF THE ROAD
RESEMBLES THE FIRST
ELECTRIC STREET LIGHTING
T0O BE ERECTED IN THE WORLD.
GODALMING PROVIDED ELECTRIC
LIGHTING FOR ITS CITIZENS
NOT ONLY IN THE STREETS BUT
ALSO IN THE HOUSES,
ACHIEVING THIS IN 188,
A YEAR BEFORE
EDISON'S SCHEME IN
PEARL STREET, NEW YORK.

THE DESIGN OF THE LANTERNS
ON THE LIGHTS

IS TAKEN FROM A PRINT OF

GODALMING IN ‘THE GRAPHIC'
OF THE 2IST NOVEMBER 1881
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1881: The first public and domestic electricity grid

Dynamo

Electric charge
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University of

. NGt e Telegraph Systems

~ 1753 An annymus writer in the Scots Magazine
suggested an electric telegraph

= 1774 Georges-Louis Le Sage made a crude electric

telegraph with one wire for each letter that went between two
rooms in his house.

~ 1792 Claude Chappe invented the optical (semaphore)
telegraph system. French network of 556 stations covering
over 3000 miles with relay towers 51 20 miles apart

= 1800 Alessandro Volta
Invented the voltaic pile
(battery)

= 1825 William Sturgeon
Invented the electromagnet,

= 1836 Leonard Gale,

working with Samuel Morse,
Invented repeaters

l
|
|

| S -
=
-
=
B
—
< add
- —




- TR
. Telegraph Systems (cont.)

= 1832 Josethenryflrst demonstrates the theory of the telegraph

— 1832 Portrait painter, Samuel Morse patents a cheaper recording
electric telegraph (and Morse code)

— 1832-1837, William Cooke and Charles Wheatstone developed a
battery telegraph, installed by GWR (Paddington to West Drayton)

— 1843 Congress fundsMor sed0s system, using
Baltimore to Washington (38 miles) along the Baltimore & Ohio Railroad

— By 1850, 12,000 miles of telegraph cable established in USA
— 1875 Alexander Graham Bell invents and patents the telephone .,
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.. Electromagnetic Theory

GoingbacktoFar adayos dynam

— The dynamo effect was described by

Far ada yl aveichwanew regard as one of
the 4 fundamental equations of electromagnetic RS
theory that we <call N Ma B

= Infact, James Clerk Maxwell 6 s c¢c | as s
theory of 1864 used 20 equations and is almost
unrecognizable to academics today. The elegant
4-equation form that we now use was developed
by Oliver Heaviside in unpublished notes and
short articles written between 1891 and 1912

that were brought together into a single book in
textbooks




@ University of
Reading

" «%@‘%%%m\ ﬁ‘% Radiowaves
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be made by oscillating currents
1883 observed by Heinrich Hertz

Hertz was a student and friend of Hermann
von Helmholtz who supported the rival idea of
ARacti on at a distanceo
reluctant to advertise his own work, but Fitzgerald
generously championed his work

= Fitzgerald should be more gl
famous for many contributions @ -
to science i but his reputation BE%. =
suffered in later life as he -~
became obsessed with
unpowered human flight
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Wireless
s COMMunication

= P"iqoneeréd by Guglielmo Marconi
= 1909 Nobel Prize in Physics with Karl Braun
for the development of wireless telegraphy

- 1901 received a si gn a eSS
Newfoundland transmitted from Poldhu, Cornwall Sl

=~ Marconi 60s experi ment was based
frequency used was too low (signals from Poldu may well have been
picked up by one of the Marconi stations in Ireland and re-transmitted
or maybe Poldu accidentally transmitted harmonics at a higher
frequency). Marconi was incredibly lucky!

=1920-1 929 t r a nRadiotelegramsoi ,C e
bouced off the ionosphere, were received and ™%
forwarded to London for 11d (=£1.40 today)
perwordby t he Marconi sta
Hill, Wilts. T now used for Police comms.

(photos of Morganods Hill)
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1901: The concept of the quantum

Printing Press Electric charge

Battery

bet ween
changer so)

1901: International Radio Communication

International radio communications
Domestic power grid
— Dynamo

ANnpar

Discovery of the electron
Wire Telegraph network

1900 2000
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Quantum Mechanics > eading

= the modern incandescent light bulb was
arguably invented by Sunderland-born Joseph
Swan and was developed by Thomas Edison.
Both patented devices in 1880

il have not failed, not once. Vowslamd A
| have discovered tenostho

Thomas Edison

= in 1901 Max Planck was trying to develop
a longer-lived and more efficient light bulb by
studying how materials emit light

= he stumbled upon a solution to a known
paradox, that worked. He had no idea why it
worked but, fortunately still recorded that it did




Unlver5|ty of

AUl travi ol &gs
catastropheo

classu:al thermodynamlcs and how things vibrate and omit gives the
cl as SRaytiegh-J efians | awo of t I shownédydthea n c
black line as a function of wavelength | for a body of temperature 5000

o o = the blue line is what is

5000 K observed for an ideal heated
12 - M\ emitter of the same

/ \ Classical theory (5000 K) temperature (called a
10 A / \ Catieshens blackbody emitter).

= the R-J equation over-
estimates at all | and goes
towards infinity in the UV.

= Planck found he could

solve this and match the
observed spectrum if he
assumed the light was given
of f 1 n Apackwd s
eIt il | now call them photons

Spectral radiance (kW m?Znm) —




Intensity [MJy/sr]

1992: Cosmic Wave Background
Observations by the COBE

{FUSttAUS 3 tf 'O@Qﬁn@t@dbﬁl@ah@ﬁll%ﬁroe

(Temperature 2. 726 R-270C)  (xkcd # 54, January 2006) using
cosepaa —— | gangstadanguage (quoted by

Black Body Spectrum ——

400
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Richard Dawkins in 2013 during
a debate at Oxford University)
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LT WORKS, DBITCHES.

7
A WEBCOMIC OF ROMANCE,
X ( SARCASM, MATH, AND LANGUAGE.




Quantum Mechanics > Reading

= The idea of guantized photons was significant because physicists
were realising that e-m waves had both wave and particle properties
and that sub-atomic particles were the same and had both wave and

particle properties.  jic|s Wolfgang Albert  Werner Max
= They developed Bhr___ Pauli Einstein He|senberg Born
Aquant um ; l

mechani cs Q!? .
describe how sub- ¥
atomic particles 1
behave and how

they interact with

e-m waves Erwin Louis Paul Richard
| Fe nman_

lie

Schrodmger

Y -

= Everyday Wpllc:Te

experience and
Acommon S
from the macro-
scale world have
no relevance to this
sub-atomic world.




Applications of ® Reading
Quantum mechanics

— Bizarre but common popular myth is that quantum

mechanics has never had any applications

T—

—

Z = without quantum mechanics there would mean no
Internet (and no mobile phones nor laptops to
access it from)

—~—semiconductors are made by ndo]
other atoms that can either donate or accept electrons making it
conduct differently. To make them do what you want and design (and
make) the chip you need to know how the electrons will behave

when voltages are applied (in particular which of the silicon atom
Obandsod6 they go into) which reqt

= & Nno optical fibres which use monochromatic light from lasers from
a quantum mechanical process <ca




Solidi State @ Readmg
SemICOnd UCtOrS (*Nobel Prize Winner)

= 1930 1942 heory established by Rudolf Peierls, RalphKronig
and William Pennewlan Wilson, Werner Heisenberg*, Walter
Schottky, Nevill Mott*, Boris Davydov, Hans Bethe*

= 1947: John Bardeen** and Walter Brattain* of Bell Telephone
Laboratories invent the point contact transistor. [k
= 1948: William ShockI| @
Bell Labs invents the junction transistor ,

— 1957: the value of the semiconductor
industry exceeds $100m p.a.

— 1959: Jack Kiloy* (Texas Instruments) and

Robert Noyce (Fairchild Semiconduc-
tors) invent the integrated circuit (IC) §

— 1967: Texas Instruments use an
|IC to make a desktop calculator

— 2020: Integrated circuits reach 50 bn (5x1010) tran3|stors on a chip




B3 Reading
Optical fibre technology

= 1880 English Civil Engineer William Henry Wheeler invented
domestic lighting from a lamp in the basement carried into rooms by
glass rods coated with reflective material

= 1888 Doctors In Vienna started using bent glass rods to [
illuminate body cavities R

= 1902 Englishman John Logie Baird and American,
Clarence W. Hansell (who held 300 patents, only Edison
held more) patented transparent rods for transmitting
television images

= 1916 Stimulated emission predicted by Albert Einstein*



@ University of
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Optical fibre technology

= 1954 Charles Townes* and colleagues
at Columbia University created the

Omaser 0 Oor OoOmicrowayv:
Ssti mul ated emissi on

= 1958 Charles Townes* and Arthur
Schawlow* introduced the laser

= 1961 Elias Snitzer of American Optical demonstrated fibres thin

enough to carry monochromatic laser light but losses too great for
communications

— 1964 Sir Charles Kao* and George Hockham, of STL In Harlow
showed how loss of existing light could be T o
radically decreased by removing impurities

= 1975 The first operational optical fibre link
was installed by the Dorset police force

= 1977 The first telephone system using
optical fibres opens in Long Beach, California
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— Repeaters on cables every 40-60 km.
Initially they detected signal and then re- §
radiated them, but there were several
problems T in particular they got too hot

— Modern repeaters just amplify the
signal
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Laying
Intercontinental Cables

[
Wy

\

\ SIMULTANEOUS CABLE FEED




@ University of
Reading

Satellite
= Communications

= At Apresent only about 0.5% of internet traffic goes by satellite
Space-X 6 $tarlink satellites are brlnglng mternet to uncabled areas

First launch on May 2019
As of August 2023, 5000 operating

= 12000 then 42000 planned
~ 1.5m subscribers in August 2023
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Starlink

— Astronomers not happy!

— Even with the now
blackened underside, they
mess up images & data
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*The Simon Personal Communicator (IBM, 1992)
** The Osborne 1 (Osborne Computer Corp, 1981)

Printing Press Electric charge

Dit=1i nt er val bet ween

(=figame changer so)

Light Bulb

Starlink

Aparadfi gm .

i-phone

Smartphone*

Laptop Computer**
Optical Fibre Communication

Satellite Comm (Telstar)
Integrated Circuif Lasers
Sputnik

WorkingTransistorg] (Solid State Technology)

Colossus: Programmable
Digital Electronic Computel
(valves)

Patent for the Transisto
Quantum Mechanics
The concept of Quan

The concept of optical fibres

1800 1900 2000
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Thomas Bayes
(1702 11761)

Sistician and nonconformist church

inister of Mount Sion Chapel, Tunbridge Wells P RN
. J THOMAS BAYES

An FRS but his notes GG

ere edited and published posthumously | Qe

Long-rejected and criticised by a later FRS, R Wy

£
RATH cenTENS

Sir Ronald A. Fisher (1890-1 9 6 2 ) .  Wa s i )

compute power was insufficient to update the
Aconditional
-discovered in the1960s and
now at the core of many
modern techniques: e.g.
risk assessment, probabilistic ki
machine learning (ML) and
Information theory.

[

| \\
ﬂ Employed by www search | pee [
engines such as Google & ML / SL \
to find the most likely relevant| =«

answers to q ueries Relative Risk (log scale)
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1815-1852

4 & 4% Adalovelace
Uf \& SORIRS__ (1815 i 1852)

7 Augusta Ada Klng Countess of
Lovelace (nee Byron)

1l Worked with Charles Babbage on L -
hi s nDiIifference
unfi ni shed nAnal
(mechanical computers)

1| The first computer programmer
who invented the concept of (but
not the name) ns

1| CB saw these computers only as
means of generating tables of
mat hemati cal f un
visionary genius foresaw the full
potential of computers

1| Predicted numerical modelling
1| Died at just 37 of womb cancer

Portrait by Margaret Sarah Carpenter (1836)
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ERIGTER AL AT & Al

91 1843: The Lovel ace fobjectionbod
or create Mt is desirable to guard against the possibility of exaggerate
|l deas that might arise as to th
Analytical Engine has no pretensions whatever to originate anything. |
do whatever we know how to order it to perform. It can follow analysis
It has no power of anticipating any analytical relations or truths

1 1950: (107 years later!) Alan Turing argued this was untestable
and proposed the ATuring testc
ncan a computer give the | mpres

1 2023: Alhas passedi BUAWHatsAL said ssstill true

1/ For me Al is NOT intelligent and does not think - it knows what

words often go together on trusted websites and can follow the
rules of grammar. It has no concept of what it is talking about!

=il B Turing, A.M. (1950) Computing machinery and intelligence, Mind, 59 (236),
R 8 433 460, doi: 10.1093/mind/lix.236.433

g 8 Delacroix, S. (2022) Computing Machinery, Surprise and Originality,

= ¢ Philosophy & Technology, 34, 11898211, doi: 10.1007/s1334021-0045381
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4 @ dictclal AL AT & Al

T. | think AT grossly underestimated AL & her insights on the
“nature of consciousness

and anyway, 1 s the Lovel ace
misunderstanding and selective misquoting. The missing part
of her statement is really interesting

nlt 1 s desirable to guard ag
ildeas that might arise as to the powers of the Analytical Engine. |
considering any new subject, there is frequently a tendency, first,
overrate what we find to be already interesting or remarkable; anc
secondly, by a sort of natural reaction, to undervalue the true stat
of the case, when we do discover that our notions have surpasse
those t hat we((oelacd184aa122) y t enabl

e Natale, S. and LHenrickson(2022) The Lovelace effect: Perceptions of
v creativity in machines, New Media & Society, (&, doi:
10.1177/14614448221077278




B8 Reading
Colossus

— 1943: the worl dos first progrart

— Valve technology (1600 Vacuum tubes in Colossus 1 and 2400 in
Colossus 2

— Hosted at Bletchley Park but designed and built by General Post
Office research telephone engineer Tommy Flowers at Dollis Hill

= Remained an official secret after WW2 because of the cold war.
Building Colossus left Flowers himself in huge personal debt.

— At University of Pennsylvania, John Mauchly and Presper Eckert,
built the first general-p u r pose el ectronic di gl
Numerical Integrator | SN QW e F

and Cal cul
(ENIAC). 20-by-40

ft in size and had |
18,000 vacuum tubes.§
First came into |
operation in 1946




B3 Reading
Hedy Lamarr and
Spread Spectrum

= film star, born Hedwig Eva Markaeslenn Austria,escaped a
controlling first husband and the NAZIs and fled to Hollywood in 1938

= a brilliant electronic engineer and inventor, with composer George
Antheil she invented and patented (1942) frequency-hopping spread-
spectrum FHSS to evade WW2 U-boat electronic counter-measures

= 1989: Nils Rydbeck of Ericsson Mobile in Lund uses FHSS in what
IS now called Bluetooth to give securlty and n0|se suppressmn

;J l

= 1999: Wi-Fi is developed by an L.;f ot ” F U | sy A
Australian CSIRO team led by John j M e
O6 Sul | i DimatSequeree s .~ ;
Spread Spectrum (DSSS which W . P e N

7=, Spreads the signal using e
&~=,° a coded spectrum, rather -
&  than FHSS (switching the % /

é frequency with time)



A (Very) Brief B Reading
History of the Internet

R

— 1958 SAGE conncts 23 radar station computers

— 1962 Joseph Carl Robnett Licklider( k nown a
or ALicko), of the Pentag
Projects Agency, now DARPA) conceives of
the Intergalactic Computer Network (IGCN)

— 1964 Paul Baran of RAND Corporation
think-tank proposes a communication
network with no central command point

— 1965 Leonard Kleinrock (ARPA/UCLA)
pioneers application of queueing theory to
model delays in message switching networks

— 1965 Donald Watts Davies of the
National Physical Laboratory, Teddington
Invents packet switching

— 1967 Lawrence Roberts of MIT & ARPA succeeds in
getting two computers to 0

S
o










e, (Ve ry) Brief @ E’Z‘ﬁﬁ'ﬁ’] c;;f
FF 7 History of the W
el Internet (cont.)

— 1969 4- node ARPANET network starts operation ’
— 1971 e-mail developed on ARPANET by Ray Tomlinson §

= 1974 Agencies like NSF and NASA form
own networks. So new generation ARPANET
uses TCP/IP (Transmission Control Protocol /
Internet Protocol): standard rules for computer
developed by Bob Kahn and Vint Cerf.

— 1983 Domain Name Sysifel
book of the I nterneto
& Paul Mockapetris of the Information Science
Institute, California

= 1991 The www

proposed at CERN
by Tim Bernes-Lee '
| to solve the LHC data distribution problem
i and developed by him and Robert Cailliau
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Bayesian statistics Dynai

Electric charge

Printing Press

technologicatapabilityin

'L odaadl aNZIAOLT |
Starlin

bet ween fApar a
changer so)

i-phone
Plasma and Touch Scree

Bayeslan Searches (Goog|
Mosaic (first web browser
World-wide web

Microsoft windows

Optical Fibre Communication

Satellite Comms.
Lasers

Transistor (Solid State Technology

Colossus: Programmable

Quantum Mechanics Digital Electronic Computer
Domestic power grid

L,‘ﬁ’ht Bulb

echanical) Computer programming
Wire Telegraph Network

Battery Mass Production

1800 1900 2000
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The world wide web
today by language

. jon of 8.1 bn)
A y in 2022 (5.7% of GDP)




