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Description:

Professor John Gabriel Byrne retained an abiditeyeést in the history of computing
down the ages, and in particular in Charles Babbagged his engines. He collected
works by Babbage and about him, and very importahdia Lovelace's famous
translation of Menabrea's description of Babbadaalytical Engine, see the list of
collected items below and the Literature categdmhis catalog.

Babbage visited Ireland three times, and had a euwitclose friends from Ireland,
who while not contributing at all to Babbage’s enous personal achievements, did
interact in interesting ways with his efforts.

Babbage was first and foremost a first-class ma#tieran. He, Herschel and Peacock
founded the Analytical Society in 1813 (and prorddtee modernisation of teaching of
mathematics in these islands) and the AstrononSioalety in 1820. His deep
understanding of finite differences informed hiside of his Difference Engines.

Babbage’s interest in calculating machines aras@ fnis frustration in calculating
large sets of mathematical tables and the erratsatiose (exclaiming to his close
friend Herschel Fwish to God these calculations had been exedoyesteart). In

1823 he started working on his Difference EnginellNa fully automatic machine to
calculate and print numerical tables, for exampteatronomy, navigation, finance
and business. He wrote to Humphry Davy indirecsliirag for government support of
his efforts. The government passed the lettereédbyal Society, who responded that
he was highly deserving of public encouragementwig eventually granted very
substantial funding. Over the next decade he faeedus difficulties developing new
machining techniques as well as the death of His and several of his children.

Remarkably, in 1827 in the midst of this, prompbgchis friend Lt.Col.Thomas
Frederick Colby of the Irish Ordnance Survey (aeofounder of the Astronomical
Society), who wanted a compact set of field taldBedybage created a greatly
improved table of logarithms, a major achievemartself, by comparing many
existing tables, and where different, recalculatimg correct value.

By 1832 a part of the Difference Engine No.1 hagnbeompleted. Then Babbage and
his engineer Joseph Clement disagreed about comtp@ngor moving the workshops
to fireproof accommodation close to Babbage's hoQksment quit the project in

1833 and construction never resumed. Babbage cmtildecover the construction
plans or tools, which were by law owned by his aegr; his efforts stalled and the
government froze his funding, finally abandoninmii842. By then it is estimated
Babbage had spent £17,000 of government fundinga@@00 of his own funds.
Fortunately he had married an heiress then inlteaitortune from his father.



An Irish scientific writer, Dionysius Lardner, a DQraduate who became the
founding professor of natural philosophy and asiroy at University College,
London, wrote about and popularised science artht#agy, and was influential in
publicising Babbage's Difference Engine. In 1834vnete the lectures for the
national tour of the Difference Engine, and ancéetfor the Edinburgh Review.
Reading the latter, Georg Scheutz and his son Bdveleutz began a simplified
design in Stockholm, which was demonstrated in 1888 ironically purchased by
the British government in 1864, during Babbagdttilne. Sixty years later Percy
Ludgate disclosed a very different approach toed#iice engines [17].

With his Difference Engine No.1 stalled, Babbageosaved a much more ambitious
machine, the Analytical Engine. This was a genguabose programmable machine
able to find values for any algebraic functionwvéis never built, but represents the
first conception of a machine able to do what mod&mputers can.

In theory the Analytical Engine is as capable asrandern computer (it is Turing
complete), although most problems would be inttaetan it, i.e. they would take far
too long to execute. In modern terms it has be&htedhave a register-to-register
architecture with two accumulators and memory fa@@ decimal sign-magnitude 50
digit numbers, but this is a fairly suspect statetmalan Bromley [2] discussed this:

It is tempting in describing the Analytical Engitteuse modern terms suchragister
andmicroprogram in place of Babbageaxes andbarrels. There is some risk in
doing so because Babbage’s elements differed ail dietm their modern equivalents
and had, in consequence, different functional ataristics.

So while Babbage's axes might be said to be regjgteere is not a one-to-one
correspondence, as for example they could store than one number. In the
Analytical Engine the memons(ore is separate from the computation. The engine
was programmed by punched cards, an idea takentfrewery widely used Jacquard
weaving loom, and the control unit (tN&ll ) used an analogue of microprogramming
(Wilkes, said to have invented microprogrammin@b1l, discovered this c.1971).

Prof.James MacCullagh, professor of mathematid<#t, a valued friend, was very
much interested in the Analytical Engine. In 1840Was persuaded by Charles
Babbage to join him at a meeting of the Italian $tgl Society in Turin:

An excellent friend of mine, the late Professor ®laltagh, of Dublin, was discussing with
me, at breakfast, the various powers of the Arady/&Engine. After a long conversation on
the subject, he inquired what the machine could,do the midst of algebraic operations, i
was required to perform logarithmic or trigonometoperations.

My answer was, that whenever the Analytical Enghmeuld exist, all the developments of
formula would be directed by this condition—tha thachine should be able to compute
their numerical value in the shortest possible tilrtben added that if this answer were not
satisfactory, | had provided means by which, wiihat accuracy, it might compute by
logarithmic or other Tables.

| explained that the Tables to be used must, afseploe computed and punched on cards by
the machine, in which case they would undoubtegligdorect. | then added that when the
machine wanted a tabular number, say the logarittim given number, that it would ring al
bell and then stop itself. On this, the attendaotil look at a certain part of the machine,
and find that it wanted the logarithm of a givemmher, say of 2303. The attendant would
then go to the drawer containing the pasteboardisaepresenting its table of logarithms.
From amongst these he would take the required itgaic card, and place it in the machine.




Upon this the engine would first ascertain whetierassistant had or had not given him the
correct logarithm of the number; if so, it wouldeus and continue its work. But if the engine
found the attendant had given him a wrong logaritirwould then ring a louder bell, and
stop itself. On the attendant again examining thgiree, he would observe the words,
“Wrong tabular number,” and then discover that realy had given the wrong logarithm,
and of course he would have to replace it by thhtrone.

Upon this, Professor MacCullagh naturally asked whthe machine could tell whether the
logarithm was the right one, it should have askedattendant at all? | told him that the
means employed were so ridiculously simple thadulgvnot at that moment explain them;
but that if he would come again in the course t#va days, | should be ready to explain it.
Three or four days after, Bessel and Jacobi, wiobjbat arrived in England, were sitting
with me, inquiring about the Analytical Engine, wHertunately my friend MacCullagh was
announced. The meeting was equally agreeable &i,.end we continued our conversation.
After some time Bessel put to me the very saméiquedich MacCullagh had previously
asked. On this Jacobi remarked that he, too, wasiato make the same inquiry when Bessel
had asked the question. | then explained to thenfialfowing very simple means by which
that verification was accomplished.

On mentioning my intention to my excellent fricmel late Professor MacCullagh, he
resolved to give up a trip to the Tyrol, and joie at Turin.

We met at Turin at the appointed time, and as sathe first bustle of the meeting had a
little abated, | had the great pleasure of recegvat my own apartments, for several
mornings, Messrs. Plana, Menabrea, Mossotti, Matz@hl, Plantamour, and others of the
most eminent geometers and engineers of Italy.

It is of course Menabrea's description of Babbag@alytical Engine that Ada
Lovelace later translated and extended in her faneonograph. James MacCullagh
had in Feb-1842 urged Babbage to have it publi¢beel Figures 22-23); the paper
appeared in thBibliotheque Universelle de GenewneOct-1842.

Ada had become an enthusiastic supporter of Balbagealytical Engine after Mary
Somerville, one of the rare contemporary femaleneragaticians and scientists, took
17-year-old Ada Lovelace, daughter of Lord Byranmnteet Charles Babbage, who
showed Ada his working model of the Difference Hagiln 1843 she published a
very much extended translation from the Frenchhefdaper written by the Italian
engineer (and later Prime Minister) Count Luigi &ecb Menabrea about Babbage’s
Analytical Engine. See the list of collected itebedow and the Literature category of
this catalog.

Babbage was a friend of both Faraday and Wheatssorigad they all lived just a
little later the Analytical Engine might have bedssigned with electrical technology.
In the early 1840s, after Babbage seeing Wheatsttglegraph equipment, he briefly
considered this but it seems the technology wasui@itiently advanced at the time.

In the event, the Analytical Engine was never hdtbegin with, typically Victorian,
it would be huge). The wealthy Joseph Whitworthfitworth Thread$ame), the
world’s leading manufacturer of machine tools (vilndnis youth had worked under
Babbage’s engineer Joseph Clement on the DifferEngeae No.1) offered to help in
building an Analytical Engine, but Babbage declibedause government funding
would still be needed. As late as 1878 a commitewsidered the advisability of
constructing it, reporting at that year’'s meetifighe British Association for the
Advancement of Science, again held in Dublin [6].



With hindsight from his work on the Analytical Engi, in 1847-1849 Babbage
designed an improved Difference Engine No.2, ableatculate more quickly while
using one-third as many parts.

Babbage was a leading figure in the formation efAlstronomical Society of London
and read several papers there. William Parséh&aBl of Rosse, of Birr Castle in
Ireland, a TCD graduate and eventually Chancell@@D, who was an especially
talented engineer and astronomer, considered tiabddje’s work had already
benefited the economy many multiples of the stateling, principally through new
approaches to precision machining. When he becaesdent of the Royal Society
in 1848, the Earl, who was a Whig, helped Babbadeliby Lord Russell and his
government for funding to build the Difference EmgiNo.2, but in 1852 the Whig
government collapsed and was replaced by the Tgpgsition led by Lord Derby.
The Earl then persuaded Babbage to offer his ptatie state in exchange for a
guarantee it would be built, and this proposal bplBage was accompanied by letters
of support from the Earl, James Nasmyth (who coréit the previous benefits to
industry) and John Herschel, but Derby and his Céléor, Benjamin Disraeli,
quickly rejected the offer. Then Derby’s governmeunitapsed too. Babbage was
incensed at the exclusion of himself and his Défexe Engine from the Great
Exhibition of 1851, and wrote accordingly, whicloat have helped at all. It was
140 years before a working model was built (by DoBavade and Alan Bromley),
using contemporary materials, in time for Babba@y®@%1 bicentenary [11].

At Birr Castle, the Earl had constructed ‘Leviath@awooden telescope 58 feet long
with a mirror six feet in diameter weighing founs all supported on walls 60 feet
high. When completed, it could see further intocgphan ever before and revealed
that some galaxies were spiral. Charles Babbagehea#rst person to sign the
visitors’ book. It has been rebuilt and is on paldlisplay and, appropriately enough,
in 2016 a state-of-the-drOFARradio-telescope station is being built beside it.

Babbage was a friend of William & Maria EdgeworfrEalgeworthstown, Longford,
Ireland. Maria Edgeworth was one of Jane Austeawsfite novelists, and would
surely have known Chief Justice Thomas Langloisdyefa brilliant TCD graduate
from nearby Carrigglas Manor (and said to be Jam&teXx’s beau). Lefroy was
interested in astronomy, visited the Leviathan 0fVEar-1846, and wrote to his wife:

Yesterday was indeed a most interesting day. Loss&and his wife were as kind to me as
possible. The wonders of his telescope are no¢ timld. He says—with as much ease as
another man would say, "Come and I'll show you auliul prospect"—"Come and I'll show
you a universe, one of a countless multitude ofarses, each larger than the whole universe
hitherto known to astronomers." The planet Jupitgrich through an ordinary glass is no
larger than a good star, is seen twice as largéh@smoon appears to the naked eye. It was
all true what Doherty [a Chief Justice, more thaxfeet high] said, that he walked upright in
the tube with an umbrella over his head beforea$ wet. But the genius displayed in all the
contrivances for wielding this mighty monster eserpasses the design and execution of if.
The telescope weighs sixteen tons, and yet LorsleRassed it single-handed off its resting
place, and two men with ease raised it to any heigh

At home in Dorset Street, London, his soirees vaesecial highlight, usually half
social and half science, with each part in sepdraténterconnecting rooms.



The Dorset Street Saturday evening soirees cortiasi@egular events during the
season, usually attended by two or three hundredtguthe Fittons, the Lyells, the
Somervilles, the Grotes; legal friends, clericadrids, and artistic friends; any visitir
practitioner of science with an introduction fromeocof Babbage's many friends
abroad; visitors from Scotland, Ireland, one ofphavincial cities or the country. At
one of the evenings the young Cavdemynder of Modern Italyfirst met de
Tocqueville French political thinker, who had an English Wif€hey were lively and
intelligent gatherings and Babbage's drawing-roaas wne of the great meeting
places of liberal intellectual Europe. For a decddeDifference Engine in its case ¢
mahogany and glass could be put on display, bebigieg shown to the many peop
who came specially to inspect it.

When Babbage was a child his mother once took biseé an exhibition of
machinery at Hanover Square. The exhibitor, whieddiimself Merlin, noting
Charles's precocious interest in mechanical detak him upstairs to the attic
workshop to see some still more wonderful autoniBtare he saw two silver nudes
about a foot high, the craftsman's masterpiecd#isistinished:

One of these walked or rather glided along a spafcabout four feet, when she turned
around and went back to her original place. Shedumeeye-glass occasionally, and bowe
frequently, as if recognizing her acquaintancese miotions of her limbs were singularly
graceful.

The other silver figure was an admirable danseusdt, a bird on the fore finger of her right
hand, which wagged its tail, flapped its wings apened its beak. The lady attitudinized in
most fascinating manner. Her eyes were full of iimatgpn, and irresistible.

In 1834 Babbage chanced on the dancing lady aubion of the contents of
Weeke's mechanical exhibition in Cockspur Streegretshe had lain in an attic,
neglected for many years. She was in reasonablitmmapart from want of
polishing and he secured her for £35. He repaingldcieaned the mechanism himsg
and placed he under a glass case on a standdming room. Dressed by some of
his female friends she was soon executing heredgat the Dorset Street parties.
The dancing lady and the Difference Engine contmacgly two sides of Babbage's
character: the deep earnestness and his sense éfdwever serious Babbage mig}
be, however deeply his interests were involvedyag never a bore.
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An example is given from Babbagdé®>assages from the Life of a Philosopfdr

A gay but no means unintelligent crowd surroundedautomaton. In the adjacent room th
Difference Engine stood nearly deserted; two fareig alone worshipped at the altar. One
of them, but just landed from the United States &ayaged in explaining to a learned
professor from Holland what he had himself in the@mmng gathered from its constructor.

Leaning against the doorway, | was myself contetimglahe strongly contrasted scene,
pleased that my friends were relaxing from theangr pursuits, and admiring the really
graceful movements produced by the mechanismtibuhere highly gratified at observing
the deep and almost painful attention of my Dutebst, who was questioning his Americal
instructor about the mechanical means | had devisedccomplishing some arithmetical
object.

Some of his quotations may reflect his sense af fun



The Council of the Royal Society is a collectiomeh who elect each other to office and then
dine together at the expense of this society tspreach other over wine and give each other
medals.

Whenever a man can get hold of numbers, they asduable: if correct, they assist in
informing his own mind, but they are still more fuéé& deluding the minds of others.

The errors which arise from the absence of facesfar more numerous and more durable
than those which result from unsound reasoningeaetipg true data.

What is there in a name? It is merely an empty détasiatil you put something into it.

Scientific knowledge scarcely exists amongst thleedniclasses of society. The discussion i
the Houses of Lords or of Commons, which ariséherotcurrence of any subjects connected
with science, sufficiently prove this fact.

>

It was apparently also evident during a visit toDI'&s outlined below. Trinity

College Dublin was founded in 1592 by Queen Eliflatbheand was very much part of
the academic establishment in th& t@ntury. When visiting Dublin for the 1835
meeting of the British Association for the Advananof Science, Charles Babbage
stayed in Trinity College Dublin, in rooms reserdedhim by the Provost of Trinity,
Bartholomew Lloyd (they were both on the Mathentand Physical Sciences
committee of the association, of which Lloyd wasdfitent, the future Earl of Rosse
was Vice-President and Babbage was a Trustee,@hduere members of the Royal
Irish Academy and the Royal Society). Colby and Hiam also attended. This is
described in [3] and [9]:

The annual jamborees of the British Associatiomied part of Babbage's summer
holidays. After the first meeting at York the Asgdion went the round of the
university cities: Oxford, Cambridge, Edinburghdahen Dublin. Edinburgh and
Dublin were capital cities and Dublin particulagsovided an intensive round of
entertainments. There were so many visitors thigtaifraction of those wishing to
attend could be accommodated. Some of the moregtamembers thought there was
too much frivolity. Babbage thoroughly enjoyed hatfis

Although he had several invitations from friendstay with them Babbage preferred
to occupy the rooms which the provost and felloW§rity placed at his disposal.
After a few days a learned friend advised Babbhgehe was giving offence to his
hosts by wearing a bright green waistcoat: O'Cdisnaglours in the heart of the
protestant university. Babbage was anxious to rentle® source of offence but his
friend pronounced every other waistcoat Babbagenidmhim objectionable on
some similar ground. A visit to the tailor yieldedly a multicoloured cloth which
was unobjectionable on symbolic grounds, but &etgay for breakfast. However
there seemed to be no choice, so wearing thisgailit neutral garment Babbage for
a time acquired the reputation of a dandy.

Note that the School of Computer Science and 8tatisind the Trinity Centre for High Performance
Computing, occupy about half of the Lloyd Institu@med after father and son, Provost Bartholomew
Lloyd (father) and Provost Humphrey Lloyd (son)tHoootable academics.

Babbage made contributions to many areas of sciémcexample, at this meeting he
introduced a subject that would no doubt have lodemerest to his Irish hosts [5]:

At the fifth meeting of the British Association ftre Advancement of Science, at
Dublin, Professor Babbage brought forward a plaragzertaining the age of peat



mosses by annual layers of the trees found in tifefor instance, there were two
wide rings separated by a narrow one, it would sti@awat some period two years of
favourable growth had been divided by one unfavdergear; and it is possible that
by observing similar rings in some very old tretd$ sanding, we might be able to

ascertain the period of their growth to have béensame as that of the timber found
in bogs or mosses.

A cache of papers was discovered with some Babtbegeendants in Ireland, but
many of his children moved to Australia and othati& colonies (and in Western
Australia, Carnarvon’s vintage tramway runs oveblBaye Island, named after
Charles Babbage [8], to the end of the One Milgy)ldtlis wife’s brother William
Wolryche-Whitmore had introduced tB®uth Australia Colonisation Act 1834is
son Benjamin Herschel Babbage moved to South Aistia a surveyor, contributing
amongst other things to tii@verland Telegraph Linffom Darwin to Adelaide (see
the memorial to the final connection at the vemogeFrews Pondsbetween
Newcastle Waters and Daly Waters in the Northemnitdey). His youngest son
Major-General Henry Prevost Babbage spent mosisdifa in India but eventually
retired to England and constructed specimens ofgbdne Difference Engine [12].
He gave one each to the Cambridge’s Whipple Mustetdniversity College
London, to Harvard University, and to Benjamin Héied Babbage’s son Charles
Whitmore Babbage (presumably named after Babbagievda Georgina Whitmore),
who took it to New Zealand. The last of these wiasaVered, along with various
papers now in the Wanganui Museum, on a farm in Kealand in the late 1970s by
Garry Tee of the Univ.Auckland.

The figures below are from Prof.J.G.Byrne's IFIBBA&xhibit and also from his 1992
TCD Quatercentenary exhibit.

Trivial: Charles Babbage refused both a knighthaod baronetcy, but had endless academic titles
Trivia2: Charles Babbage invented the speedometdrthe locomotive cowcatcher
Trivia3: Charles Parsons, youngest son of tffeEarl of Rosse, invented the compound steam turbine

Several emulators exist for difference engines 1#3,15] and analytical engines [16].



The homepage for this catalog islatps://www.scss.tcd.ie/SCSSTreasuresCatalog/
Click 'Accession Index1st column listed) for related folder, ‘&bout'for further guidance.
The items below are more properly part of the kitere category of this catalog, but

are listed here for convenience.

Accession | ndex Object with I dentification

TCD-SCSS-V.20121208.856 | About a dozen typed captions, all mounted on btackboard
relating to Charles Babbage, ¢.1986, literaturgptf@omputer
Science, Trinity College DublifProf.J.G.Byrne's IFIP-1986
and 1992 TCD Quatercentenary exhibits]

TCD-SCSS-V.20121208.870 | Ada Lovelace's famous translation with an 'Additio
Prof.J.G.Byrne's offprint of Ada Lovelace's tratisla of
L.Menabrea's 'Sketch' of the Analytical Engine piporating
an offprint of Charles Babbage's 'Addition’, c.1843

TCD-SCSS-V.20121208.016 | Charles Babbage - Pioneer of the Computer, 19@&2ature:
i Hyman, A., Cambridge, OUP: Oxford.
TCD-SCSS-V.20121208.037 | Charles Babbage and his Calculating Engines(1)1,199
literature: Swade, D., Science Museum, London.

TCD-SCSS-V.20121208.038 | Charles Babbage and his Calculating Engines(2)1,199

i literature: Swade, D., Science Museum, London.
TCD-SCSS-V.20121208.079 | The Difference Engine - Charles Babbage and thesQae
Build the First Computer, 2000, literature: Swade,Viking,
N.Y.

TCD-SCSS-V.20121208.080 | Irascible Genius - A life of Charles Babbage, inoenl1964,
B literature: Moseley, M., Hutchinson, London.
TCD-SCSS-V.20121208.081 | Passages from the life of a Philosopher by Ch&#sbage
[1864], 1969, literature: Babbage, C., Augustudé{eIN.Y.

TCD-SCSS-V.20121208.082 | Charles Babbage and his Calculating Engines - telec
writings, 1961, literature: Morrison, P. & M.(eddopver,
N.Y.

TCD-SCSS-V.20121208.382 | Babbage and the birth of the computer, 1983, hteea
Newscientist vol.99 no.1375, 15 September 1983.

TCD-SCSS-V.20121208.527 | The Babbage Papers in the Science Museum Librargress-
referenced list, 1991, literature: Bromley, A., Ste
i Museum: London.

TCD-SCSS-V.20121208.640 | Table of the logarithms of the natural numbers fibto
108000 , 1844, literature: Babbage, C., Murray:dam
contains a printed inscription from Babbage to loighel
B Colby of the Royal Engineers.

TCD-SCSS-V.20121208.641 | The ninth Bridgewater Treatise - A fragment, 18R&rature:
i Babbage, C., Murray: London.

TCD-SCSS-V.20121208.642 | Reflections on the decline of science in Englandi @m some
of its causes, 1971, literature: Babbage, C., ldsiversity
i Press: Shannon.

TCD-SCSS-V.20121208.865 | A framed set of 5x5 twenty-two pence UK stampsesisin
honour of Charles Babbage, c.19xx, literature: WstFOffice.

TCD-SCSS-V.20121208.671 | IFIP Congress '86 - Dublin, Ireland, 1-5 Septemh886 -
Preliminary Programme, 1986, literature: IFIP.

TCD-SCSS-V.20121208.675 | Preprint of the proceedings of the IFIP congréssdvunich
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https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.870/TCD-SCSS-V.20121208.870.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.016/TCD-SCSS-V.20121208.016.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.037/TCD-SCSS-V.20121208.037.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.038/TCD-SCSS-V.20121208.038.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.079/TCD-SCSS-V.20121208.079.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.080/TCD-SCSS-V.20121208.080.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.081/TCD-SCSS-V.20121208.081.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.082/TCD-SCSS-V.20121208.082.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.382/TCD-SCSS-V.20121208.382.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.527/TCD-SCSS-V.20121208.527.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.640/TCD-SCSS-V.20121208.640.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.641/TCD-SCSS-V.20121208.641.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.642/TCD-SCSS-V.20121208.642.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/literature/TCD-SCSS-V.20121208.865/TCD-SCSS-V.20121208.865.pdf
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| TCD-SCSS-V.20121208.677

August 27 to September 1, 1962, 1962, literathNeth
Holland: Amsterdam.

ICS 1986 Yearbook - IFIP Congress '86, 1986, litem Irish
Computer Society: Dublin.

TCD-SCSS-V.20121208.678 | Information Processing 86 - Proceedings of the [

World Computer Congress ... Participants Editic®d86],
literature: Kugler, H.-J. (ed), North-Holland: Arastiam.

TCD-SCSS-V.20161219.001 | Table of the logarithms of the natural numbers fibto

108000, proof copy to the 1st Edition, Babbage Miuray:
London, contains a printed inscription from Babbamét-
Colonel Colby of the Royal Engineers, ¢.1827.

TCD-SCSS-X.20121208.002 | Brian Coghlan, Speculations on Percy Ludgate’$elbghce

Engine, work-in-progress analysis.

| Ludgate Folder Mobile-friendly user interface to Ludgate folder
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LATE MR. BABBAGE,

Charles Babbage
(Ulustrated London News 1871)

Figure 1: Charles Babbage



Charles Babbage
(1791-1871)

Born 26th December in Walworth , Surrey
Went up to Trinity College Cambridge and studied mainly mathematics
Married Georgiana Whitmore in Teignmouth, Devon and took his B.A.
Elected a Fellow of the Royal Society
Helped to found the Astronomical Society
A model of a difference engine with six figure-wheels was
announced in an open letter to Sir Humphry Davy, President of the Royal
Society
Following Government funding Difference Engine No. 1 with six orders
of differences and 20 digits and a printing apparatus was started.
Published a Table of Logarithms of numbers from 1 to 108,000, principally
for Thomas Colby, who was in charge of the Irish Ordanance Survey.
Elected to the Lucasian Chair of Mathematics at Cambridge which he
held until 1839
A Committee appointed by the Royal Society reported favourably on
Babbage's difference engine.
Published On the economy of Machinery and Manufactures —the first
textbook on OR
A small portion of the Difference Engine was completed but work
stopped mainly due to a row with Joseph Clement, the engineer.
First meeting with Ada, daughter of Lord Byron
Babbage had the idea for the Analytical Engine, the forerunner of
the Computer
Visited Dublin for the meeting of the British Association for the
Advancement of Science and stayed in TCD
Visited Turin with James MacCullagh and explained the Analytical
Engine to a group of Italian scientists including L.F. Menabrea
Ada, Lady Lovelace, translated Menabrea's article on the Analytical
Engine and published it in Taylor's Scientific Memoirs, Vol iii
Work on the Analytical Engine virtually ceased
Developed a new signalling system for lighthouses which was first used
in the USA
The Earl of Rosse, as President of the Royal Society, made a last attempt
to get Government funding for Difference Engine No. 2

1854 Per George Scheutz and his son Edvard mad a successful small
difference engine in Sweden

1864 [24] Passages from the Life of a Philosopher published
1871 Death of Babbage

The numbers in [ ] refer to items on display

Figure 2: Significant events in the life of Charasbbage



Charles Babbage Exhibition |

—

Figure 3: Sign from Prof.J.G.Byrne's IFIP-1986 ebihbn Charles Babbage

Babbage and Ireland

Babbage visited Ireland on at least three occasions. He first came in
1827, following the death of his wife, daughter and father. His great
friend, Sir John Herschel came with him and they visited Thomas Colby
who was just completing the second measurement of the baseline which
turned out to be within 12 thousandths of an inch of the first
measurement (according to Maria Edgeworth). T.C.D was also
included in the visit.

Babbage came again in 1834 for the meeting of the British Association
for the Advancement of Science. He stayed in the College and in

Passages from the life of a Philosopher [24] he describes an amusing
incident about his green waistcoat. A friend pointed out that
O'Connell's colour would not be acceptable in T.C.D. The rest of the
incident is described on the pages which are displayed [24].

Babbage came to Ireland again in 1850 and visited the Earl of Rosse at
Birr Castle [9,23] and Thomas Romney Robinson at Armagh
Observatory.

In addition to MacCullagh, Babbage corresponded with Sir William
Rowan Hamilton and Humphrey Lloyd, the Professor of Natural and
Experimental Philosophy, who was well for the terrestrial magnetism
project which he organised and the instruments which he developed.

Figure 4: Charles Babbage and Ireland
It is likely that ‘who was well’ should be ‘who wa®ll known’



The Dublin Philosophical Journal
and
Scientific Review

Vol. II Feb-Nov 1826 No IIT TCD 200. S. 6, 7

Babbage’s Calculating Machinery :- A machine is now being
constructed on an extensive scale by Mr. Babbage, capable of
computing any species of numerical table, trigonometrical,
logarithmic & c. This machine derives its principle from that property
of differences by which a difference of a certain order of every function
is, quam proxime, constant, and in numerical results extending to a
determinate number of decimal places is actually constant. The
present machine computes through six orders of differences, the sixth

difference being taken as a constant.

Attached to the computing machinery is a printing apparatus,
deriving its motion from the computing machine. By this the types of
the successive digits of each number to be tabulated are successively
introduced over a plate of copper, on which each letter is punched in
its proper place, and thus a copper plate of each page of the tables is
obtained. All this is effected by ten types, viz. of zero and the nine
significant digits! The only attention required is an adjustment in the
first instance suitable to the nature of the table to be computed, and
after such a number of turns has been obtained that the constant
difference necessarily suffers a change, a trifling adjustment puts it
into a state to compute as many more turns. This last adjustment

however, can scarcely be required where six orders of differences are
used.

The earliest known lrish reference to the first
Difference Engine

(Dublin Philosophical Journal and Scientific Review-

1827)

Figure 5: The earliest known Irish reference tof®iénce Engine No.1
(Dublin Philosophical Journal and Scientific Reviel@27)



Difference Engine No. 1

About 1812 or 1813 Babbage was looking at a set of logarithm tables in the
rooms of the Analytical Society at Cambridge, when a nother member came
in and said "Well, Babbage, what are you dreaming about?", to which
Babbage replied "I am thinking that all these tables might be calculated by
machinery".

This thought was to remain with Babbage all his life. In 1820 he started to
construct a small model of an engine based on the principle of
differences[4]. This was finished in 1822. As a result Babbage obtained
funding from the Government to construct a large engine. It is described
succinctly in the extract from the Dublin Philosophical Journal and
Scientific Review [3], the first known description in an Irish journal.

Figure 6: Charles Babbage’s Difference Engine No.1

Principle of Differences

Babbage used the example f{x) = x2 + x + 41 when illustrating the principle
of differences.
Consider the following table:

X fix) First difference  Second difference
0 41
2 2
il 43
4
47
6
53
8

=

2

3

4 61 32
5 ey J

~12

Y
5 B

i ivative) i t for a
The second difference (analogous to the second dez:1vat1ve) is constan
quadratic function. The rest of the table can be built up using addition only.
The 2 is added to 10 to get 12, the first difference, and 12 is added to 71 to get

83, the value of f(6), and so on.

i i i ixth will be constant
For logarithms higher order differences such as the six
over agreasonably large range of the argument and hence a table can be
built , the highest order difference being adjusted as required.

Figure 7: The Principle of Differences



CHARLES BABBAGE'S DIFFERENCE
ENGINE NO. 1 - PORTION, 1832

This portion of the engine, assembled by
Joseph Clement in 1832, is the first known
automatic calculator. It represents about
one seventh of the calculating mechanism
of the full size engine which was not
completed. The portion shown has nearly
2,000 individual parts, and is one of the
finest examples of precision engineering of
the time. Size: 72X59X61 cm.

1862-89

Figure 8: Portion of Charles Babbage’s Differencedgihe No.1 constructed by 1832
(it was this that was demonstrated to Ada Lovelace)

CHARLES BABBAGE'S DIFFERENCE
ENGINE NO. 1 - PORTION, 1832

This portion of the engine, assembled by
Joseph Clementin 1832, is the first known
automatic calculator. It represents about
one seventh of the calculating mechanism
of the full size engine which was not
completed. The portion shown has nearly
2,000 individual parts, and is one of the
finest examples of precision engineering of
the time. Size: 72X59X61 cm.

1862-89

Figure 9: enlarged text from Fig.15 of Charles Balgb’s Difference Engine No.1



Elﬁlut‘ﬂ“:; M6 00 A 4
i

| |

t ¢ Wi mnli”ﬂha

- -

3 omwme 2

o

T
g"‘ o b
‘4:

iY:IJ!’:'?‘,; m

/iy ér‘ i
B0

I

o

e

Bl

vnim’*’am

T e P v N P —

-

P s T Ty e—
- . -

e
= ad e oo | S ——

s
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The Earl of Rosse and Difference Engine No. 2

The third Earl of Rosse, William Parsons, was famous for his 72 inch
reflecting telescope which he built at Birr Castle[8]. From 1849 to 1854 he
was President of the Royal Society, the leading Scientific institution in
Britain, then and now. Babbage was a fellow and was interested in
astronomy, being one of the founder members of the [Royal] Astronomical
Society. He visited Birr Castle in 1850 and was the first to sign the Visitors
Book[22], which has been kindly loaned by the present Earl of Rosse.
Babbage had drawn up a specification and plans for a new difference
engine, No. 2, and he asked the Earl of Ross to present his case to the
Government. The Earl wrote to Lord Derby, the Prime Minister, on the 20th
July 1852 [11]. Lord Derby passed the papers to the Chancellor of the
Exchequer, Benjamin Disraeli (originator of the phrase "lies, damn lies
and statistics") and added his opinion " that Mr. Babbage's ideas appear to
be so indefinitely expensive, the ultimate success so problematical and the
expenditure so large and so wholly incapable of being calculated that the
Government ought not to take upon itself any further liability". It is hardly
surprising that Disraeli rejected the proposal. Babbage was incensed and
wrote a long reply to Lord Rosse [10].

Figure 11: The Earl of Rosse and Babbage’s DiffeeeRngine No.2

Figure 12: The 3 Earl of Rosse’s “Leviathan” telesco at Birr ’C?Eesfi'rémléhd ‘
(the largest telescope in the world from 1845 t&7)9
Charles Babbage was the first to sign the Visit@usk



Wwill Parsons, third Earl of Rosse
President of the Royal Society
1849-1855

"))

Figure 13: The 3 Earl of Rosse, William Parsons



Castle Parsonstown
July 20th 1852

Dear Lord Derby,

Mr. Babbage, a fellow of the Royal Society, has requested me as President to
lay before Government his letters and papers relating to the calculating

engine. As you may feel disposed to when at leisure to make some enquiry

on the subject I enclose copies of letters from Mr. Adams, and Professor

Stokes of Cambridge, also from Sir J. Herschel. Professor Stokes and Mr.

Adams, are pre-eminent for their skill in applied mathematics and I am

persuaded there are no two men more competent to rightly estimate the

value of the results which would be obtained from such a machine if
completed , or whose opinions would carry with them greater weight. Sir
John Herschel I need hardly say is a very eminent man in many ways; but
I wrote to him on receiving. Mr. Babbage's letter, especially because he was
one of those who originally took an active part in recommending
Government to undertake the construction of the engine. On one point I
differ with Sir John Herschel. I think he has taken a very narrow view of
the financial part of the guestion. From what I have learned from eminent
mechanical engineers I hhave no doubt that this country has received an
equivalent many times over from the expenditure on the calculating
engine, in the improvement in tools and machinery directly traceable to the
attempt to make it. That for instance is very much the opinion of Mr.
Nasmyth. I agree however most fully with Sir J. Herschel that if the
engine is to be completed it is desirable that there should be a contract for a
specific sum. Tools and machinery are now is so advanced a state
compared to what they were when the machine was commenced that it is
probable that some mechanical engineer would be found to undertake the
work by contract. Should the Government be disposed to take the matter up
probably the better course would be to call upon Mr. Rendell as President of
the Institution of Civil Engineers for his opinion.: that would not bind
Government in any way. Mr. Rendel with the advice of Mechanical
Engineers and Scientific Men would be enabled to say whether the machine
could be completed by contract, and if so for what sum, and in what time.

Believe me to be my dear Lord
faithfully yours

Rosse @ 7
3";¢ "
L

Letter from the Earl of Rosse
requesting funds for
Difference Engine No. 2

ra

Figure 14: Letter from the 3Earl of Rosse requesting funding for DifferencegiBa No.2



My Dear Lord Rosse,

I have received your two letters, the latter announcing that my
papers were in Lord Derby’s hands.

Whatever may be his decision about the Difference Engine I shall
always look back with gratification on the active measures you have taken
in the question.

If a complete acquaintance with both branches of the subject, backed
by your position and supported by the warmth of private friendship fail to
ensure success there can be little hope for the future.

I have never entertained much and now feel a kind of relief in being
no longer obliged to think upon a painful subject.

I have been trying to exclude the idea by the enquiry into the great
law of matter but I have worked so much at that subject lately that I am
obliged for a time to vary my occupation and am now buried with the
automation player at Tit-tat-to.

Perhaps if I were to make that toy my countrymen might think there
was some merit in that Analytical Engine.

I am my Dear Lord Rosse
Everytruly Yours

C. Babbage

Dorset Street
Manchester Square - 26 July 1852

Figure ;5: Charles Babbage'’s letter to th€ Barl of Rosse on reading that the request for
funding for Difference Engine No.2 had been semlhédPrime Minister, Lord Derby



a subject: besides I ha
subject is above all political mx
than once suggested to me that O'C
Engine, and you know what his influen
I have always replied that I would rathe
the engine made than that the shadow of
across it. ‘ ‘
On consulting Hawes who sl
perception of the vast importance of the
mental labour, he pointed out yet another
experience deserves attention. He remark
upon the grounds of unlimited expense but
entirely passed by : e :
18t The offer of the Diff. Eng. NO
2nd  The proposal to refer the
Civil Engineers
Hawes notion is first to
views to address another
Hawes could embody his n ,
your consideration. ' :
His argument would be that none b
who had examined minutely the drawings could be
the public and that the question of the cost of making
referred to the InstD- of Civil Engineers for thei:
understood that whatever might be the nature of
be considered as pledging the Govt. to construct
I feel that I have very imperfec
which appeared to me at the time to be quite so
My own personal objections to movi:
some measure removed by this course being taken

however another reason in its favour which i
object to it. .

The flippant term of "

of the ExchT. to the offer of my drawings of Diff,
been arrived at under an expense of £10,000 I

forgive. But I am convinced that if 1.d Derby's ]
be most injurious to the reputation of the Chan
prudence and for sagacity. He assigns to Ld, D,
18t Indefinite expense 3rd  Exg
2nd Problematic success 4th ;



These bold assertions are made by an unprofessional man about a
machine the drawings of which no professional person would venture to
give an opinion without having first seen and fully studied them. Any
conjectured estimate of its cost of construction derived from that of a
different and more complicated engine made about twenty years ago when
the science of mechanical construction was far less advanced would be
simply ridiculous.

Looking at the question in this light I think I think if Hawes
were to prepare for your consideration the draft of a letter embodying his
views, that Ld. D. and his Chanc?. of Exch’. would then have a chance of
setting themselves right: otherwise they are in my opinion in a
considerable mess.

It is the principle of giving them fair play and the chance of
getting results rather than any feelings of my own which reconciles me to
the proposed course.

It would be desirable if you should concur in this view that

Hawes should have a copy of your letter to LD. D. before him when he
prepares the draft of the proposed letter.

I am My dear Lord Rosse

Dorset St. ever truly yours
Manch?. Sq C. Babbage
27 Aug. 1852

Babbage's [etter to Lord Rosse on reading
Lord Derby's negative reply to the Earl's
request for funds for constructing
Difference Engine No. 2

Figure 16: Charles Babbage’s letter to th€ Barl of Rosse on reading Lord Derby’s
rejection of the request for funding for Differerieaegine No.2



23 ‘Glory and Failure’

Figure 17: Charles Babbage’s Difference Engine Na.the Science Museum, London
Completed in 2002 [11], with 8,000 parts, 11 fextd, and weighing five tons



Babbage's Table of Logarithms

Lt. Col. Thomas Colby was in charge of the great Irish Ordnance Survey
and he wanted a compact set of tables which could be used in the field.
Many of the existing ones were too large and contained errors. Babbage
set about preparing a table, not by computing logarithms but by reading
many printed tables and Prony's unpublished tables in Paris. During
this process he found that the same six errors occurred in many
tables[17], the errors originating in Vlacq's tables of 1628. Even a set of
Chinese tables contained the same errors!. Colby did much of the proof
reading, some of it being done in tent on top of Slieve Donard.

Babbage took a great deal of trouble over the layout of the tables and the
colour of the paper used. He used yellow paper for the first edition in
1827 and green for the third edition in 1834. This was prepared for the
Hungarian Academy of Sciences. Babbage presented a copy to the
Library [15]. The tables on display are the fourth impression printed in
1844 [25].

Figure 18: Charles Babbage’s Table of Logarithms

NEXT PAGE
Figure 19: Charles Babbage’s Tables of LogarithB8i& Edition, 1834
(1°' Edition was published in 1827)

This edition of the Tables of Logarithms

was printed on green paper. The handwriting is
Babbage's.




LOGARITHMS

NATURAL NUMBERS,

1 to 108000.

BY

CHARLES BABBAGE, Esq., MAA.,

Lucusian Professor of Mathematics i the University of Cambridge,
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1V. Notice respecting so
By Caarres Bapgp..
Society.

‘o many Tables of Logarithms.
Sreretary of the Astronomiral

Read March 9, 1897,

HAVING lately printed a siereotype iable of the logarithms of natural num-
bers, for the use of the Survey of ireland, T observed .among the errors detected
in various tables during the eight readings to which it was subjected, several
which appeared common to many of them. This circumstance induced me
to examine some other tables at the same numbers ; and I find that there are
six errors which are common to almost all tables : those of VEGa, the recent
impressions of CALLET and my own, are the only ones entirely exempt. The
following table shows the sixth and seventh figures, and in a few cases also
the eighth, ninth and tenth figures, of the logarithms in the respective tables :
the erroneous figures being indicated by a bar placed above them.

24,626 | 38,962 | 57,628 | 57,629 | 63,747 | 67,951 | Natural Numbers.

39751 | 13420 | 35875 | 10436 | 97412 | 58424 Vlacq, fol. Gouda
30751 | 13420 | 35875 | 10436 | 97412 | 58424 | Vlacq, fol. London

39 15 ¢ 3 10 |97 |58 |E. Wingate, 12mo. London
397 134 359 104 974 584 Newton, fol. London
40 13 36 10 97 58 Sherwin, 8vo. 1st ed. London .

40 13 36 10 97 58 Sherwin, 8vo. 2nd ed. London ..

E 13 36 - 10 97 58 Sherwin, 8vo. 3rd ed. London .
40 13 36 10 07 58 Gardiner, 4to. London
il_—o: 13 36 10 97 58 Sherwin, 8vo. 4th ed. London ..
40 13 36 10 97 58 Sherwin, 8vo. 5th ed. London ..
40 13 36 10 97 58 Gardiner, 4to. Avignon
Z_'() 13 36 10 97 58 Schulze, 8vo. Berlin

40 13 36 10 97 58 Gardiner, 4to. Fiorenze

39 12 36 10 7 58 Taylor, 4to. London

38751 | 12420 | 35475 | 10836 Vega, fol. Leipsic .......... i
40 13 36 10 58 Callet, 8vo. Paris

40 13 36 10 7 8 Delambre, Tab. Dec., 4to. Paris
39 12 36 10 . ry Hutton, 8vo. 4th ed. Londox

39 12 36 10 3 Hutton, 8vo. 5th ed. London

39 12 35 11 Vega, 8vo. 5th ed. Leipsic

39 12 36 10 7 8 Hutton, 8vo. 6th ed. Londo
39 12 35 11 Babbage, 8vo. London .. ..

Astron. Soc. or LoND. VOL. 111. K

Figure 20: Charles Babbage’s Notice on Tables ajdr¢hms,
from Memoirs of the Astronomical Society of Londéolume 3, part 1, 1827



ANALYTICAL ENGINE, 1871

Portion of the mill of the Analytical
Engine with printing mechanism, under
construction at the time of Babbage’s
death. The horizontal racks transfer
numbers between the two columns of
number wheels in the centre and to the
printing mechanism on the right.

1878-3

“The marvellous pulp and fibre of a
brain had been substituted by brass

and iron, he had taught wheelwork to
think.”
H W Buxton, 1870s

ANALYTICAL ENGINE, 1871

Portion of the mill of the Analytical
Engine with printing mechanism, under
construction at the time of Babbage’s
death. The horizontal racks transfer
numbers between the two columns of
number wheels in the centre and to the

printing mechanism on the right. Figure 21: Mill of Babbage’s Analytical Engine
1878-3

Mill of Babbage's Analytical Engine

“The marvellous pulp and fibre of a
brain had been substituted by brass
and iron, he had taught wheelwork to
think.”

H W Buxton, 1870s



Babbage, MacCullagh and the Analytical Engine

In 1841 James MacCullagh, a very distinguished Professor of
Mathematics in Trinity College, visited Turin with Babbage, who
brought drawings of his Analytical Engine, a mechanical engine which
contained the principal concepts of the digital computer. He explained
his engine to a group of Italian scientists including L.F. Menabrea.
From the letter [26] which MacCullagh wrote to Babbage in 1842, it is
clear that Menabrea had agreed to write a paper on the Analytical
Engine. This he duly did, in French, in the Bibliotheque Universelle de
Geneve in October 1842. It was translated into English by Babbage's
friend, Ada, Countess of Lovelace [25]and only daughter of Lord Byron.
She added extensive notes which are longer than Menabrea's paper. A
sample program for computing Bernoulli numbers was included[21].
Ada has been called the first programmer and the language is called
after her.

Figure 22: Charles Babbage, James MacCullagh amdAhalytical Engine

Trin:Coll:Dublin
Feb 25 1842

My dear Babbage,

You have probably heard from Sir James South that I have been elected a
member of the Athenaeum. He tells me that I have reason to be proud of
the letters which he was able to produce in my favour. One of them was
from you. I suppose I ought to thank you in due form for what you were
pleased to say of me —— at the risk too of drawing upon yourself an
additional visit every year — for no doubt I shall be disposed — for a time
at least — to spend more of my vacations in London.

I suppose you are going on pretty much as usual — devoting your
mornings to hard work (I wish it were not thankless) — and your evenings
to Society. Itis a good mixture, I am sure, and the one gives a relish to the

other. But when shall we have something in print about the Machine. For

you know, that has always been the burden of my song. Has Menabrea
published anything yet? I live quite out of the world here, and never hear a
word of news — scientific or political.

To talk of myself — I have grown very stupid of late, and regularly fail in
everything I attempt. What the reason may be I cannot tell. But I begin to
be of Newton’s opinion, that after a certain age, a man may as well give up
mathematics. Perhaps it would be better — at least for one’s own
happiness — to have some occupation or profession which should connect
one immediately with his fellow men, and to make the pursuit of science a
collateral object, rather than a direct one.

Believe me always, my dear Babbage,
Yours faithfully,
J. MacCullagh

Figure 23: A letter from James MacCullagh’s to ClearBabbage
This explicitly urges publication of Menabrea's clg®tion of the Analytical Engine,
which was then famously translated and extendetidayl ovelace



Computer Bulletin

Figure 24: Portrait of Ada Lovelace on the frnf the Computer Bulletin
(Series 2, Number 21, Sep-1979)
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Babbage and the birth of the computer
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Figure 25: Portrait of Charles Babbage on the frquatge of the New Scientist
(15-Sep-1983, V0.99, N0.1375)
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Figure 26: Stamp issue by British Post Office 5-M801 on bicentenary of Charles Babbage’s birth
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MAKING THE DIFFERENCE.

Charles Babbage and the birth of the computer
At the Science Museum, South Kensington 28 June - 31 December 1991.
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Figure 27: London Science Museum poster C. 19911cmnt13nary of Charles Babbage’s birth
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Figure 28: Poster c.1991 on bicentenary of ChaBekbage’s birth
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Figure 29: Poster for Prof.J.G.Byrne's 1992 TCD @araentenary exhibit, which included Babbage



Figure 30: Poster for TCD Quatercentenary lectuyeRyof.J.McCarthy
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Elizabeth I(1533-1603) by Marcus Ghecraerts the Younger, ¢.1592. Oil on canvas, 241.3 x 152 4cm
© National Portrait Gallery (2561)

Figure 31: Queen Elizabeth I, 1533-1603
(from the National Portrait Gallery, by Marcus Ghaerts the Younger, ¢.1592)



