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Description: 
This item is Percy Ludgate’s first paper describing the design of his analytical engine. 
 
Percy Edwin Ludgate (1883-1922) was notable as the second person to publish a design 
for an Analytical Engine, after Babbage [6, 7]. Strangely enough, he was not a scientist, 
but a clerk to a corn merchant (and later an accountant), born in Skibbereen and 
employed in Dublin, Ireland, working in his spare time in isolation from 1903 to 1909, 
who was not aware of Babbage’s work until later. Indeed his engine was based on 
multiplication using rods in shuttles plus 'slides' like a digital evocation of sliderules, 
with input on a perforated paper sheet or roll, while Babbage's was based on addition 
using cogs and wheels, with input on punched cards. From Prof.Brian Randell’s 1982 
paper “From analytical engine to electronic digital computer: The contributions of 
Ludgate, Torres, and Bush” in the IEEE Annals of the History of Computing [9]: 
 
“Babbage had planned to use columns of coaxial toothed wheels to represent numbers 
… … Ludgate planned to represent each multidigit number by a set of sliding rods in a 
shuttle and to arrange such shuttles around a cylindrical shuttle box, which merely had 
to be rotated to bring the right number to the arithmetic unit. 
… 
Ludgate’s planned arithmetic unit was even more novel … indeed, as far as I know, 
unique–scheme for multiplication, based on what a contemporary delightfully termed 
“Irish Logarithms” [3] . Multiplication involved converting all the digits of the 
multiplicand and a single digit of the multiplier to index numbers [‘logarithms’] ; the 
index number corresponding to the multiplier digit was added to each of the index 
numbers corresponding to multiplicand digits (by additive linear motion); the results 
were then converted back to give a set of two-digit partial products.” 
 
Ludgate's engine had conditional and unconditional instructions with an opcode, two 
operand addresses, and one or two result addresses, multiplication was via partial 
products as above, and division was via successive approximation seeded from a table 
of reciprocals. It had 192 x 20-digits of memory, could multiply in 10 seconds and take 
logarithms in 120 seconds, could input and store data and programs, had a printer, and 
even a fledgling operating system, could be stopped at any stage to add new variables, 
and could execute subroutines. It was designed to be motor driven and would be a 
compact and portable 2-ft cube. 
 
The use of a perforated paper sheet or roll presaged what became by the 1950-70s a 
widely-used method for program and data I/O, although punched cards and paper tape 
were widely used by the time of Ludgate, whereas Babbage’s use of Jacquard’s 
recently invented cards was entirely novel. 
 



Ludgate published an account of his work in Apr-1909 [2], refereed by Charles Vernon 
Boys. Fig.2 shows the first page of Ludgate’s paper. C.V.Boys then reviewed this paper 
in Nature in Jul-1909 [3], see elsewhere in this catalog, and in 1914 Ludgate wrote an 
article in the Napier Tercentenary Celebration Handbook [4]. 
 
Half a century later, when in the 1970s Randell was investigating Babbage and 
Lovelace, calculating machines and the prehistory of computing, the Napier Centenary 
Handbook was the second most obvious and accessible reference to consult about 
calculating machines (the first was Baxandall’s Calculating Machines and Instruments: 
Catalogue of Collections in the Science Museum). The former had a chapter on 
Analytical Engines, and this was by Ludgate, a name that was unfamiliar, which ended 
with the paragraph which led to Ludgate’s 1909 article. The only person contacted who 
admitted any previous awareness of the Ludgate name was Maurice Wilkes (leader of 
the EDSAC team), but it’s not known if he’d read the 1909 article. It has been 
suggested this was also the case for Howard Aiken (leader of the Harvard Mk.1 team). 
From the 1970s Randell highlighted Ludgate’s work [8, 9]. 
 
Shortly afterwards an undergraduate project at University College Swansea explored 
the implementation of an electronic version of a Ludgate-type arithmetic unit [13], see 
the related folder in this collection. A subsequent analysis of Ludgate’s machine by 
David McQuillan (a TCD maths graduate) is now online [10, 11]. Randell also 
provided an entry on Ludgate for the Dictionary of Irish Biography [12]. 
 
Although Charles Vernon Boys refereed Ludgate’s paper, it was conveyed to the 
publishers (RDS) by Prof.Conway. The influence on Percy Ludgate of Boys and 
Conway has yet to be fully investigated. 
 
Trivia: Conway was Prof.Mathematical Physics at UCD for 40 years, then President of 

the Royal Irish Academy, then president of UCD 
 
Babbage's analytical engine (for which extensive drawings survive) has never been 
constructed, as it would be as big as a cathedral with precision mechanics. Nor (as far 
as is known) has Ludgate's machine been constructed yet, despite apparently being a 
better candidate than Babbage's, a 60cm cube, not the size of a cathedral, and using low 
tolerance rods/shuttles not tight-tolerance cogs/wheels. The lack of drawings mitigates 
against reconstruction, which would be more a re-imagining (nonetheless an informal 
background CAD modelling effort has begun in the School of Computer Science and 
Statistics, TCD, any help welcome). Given the complexity of the machine it seems 
unlikely Boys or Conway received copies of Ludgate’s plans before his death (there 
would have been copious sheets of drawings), but the possibility that might have 
happened after death does exist. If his plans were discovered it would cause a sensation. 
 
Percy Ludgate is an important person in Irish computing history, some may say a 
genuine Irish computing hero, although not quite of the stature of George Boole (whose 
work impacts on all aspects of modern life). His role is gradually being recognised in 
Ireland, where IT manufacturing is now a very important part of the economy. In Nov-
2015 the Ludgate Hub initiative was formulated in his honour as a digital facility (a 
“state-of the-art co-working space”, similar to a startup office) in his place of birth, 
Skibbereen, and opened in Jul-2016. There is certainly a strong case that a blue plaque 
in his memory be erected at 30 Dargle Road, Drumcondra. 



 
Prof.John Gabriel Byrne of the Dept.Computer Science, Trinity College Dublin, collected 
this original offprint of Ludgate’s 1909 paper in the RDS Proceedings, and instigated a 
prize in 1991 in memory of Percy E. Ludgate, awarded to the student who submits the best 
project in the senior sophister year of the Moderatorship in Computer Science. 
 
Trivia: a John Byrne lived next door to Percy Ludgate’s home 
 
The offprint (Figures 1-11) was found by Dr.Dan McCarthy amongst Prof.J.G.Byrne’s 
personal papers within a plastic sleeve in a ring-binder folder containing numerous articles 
(mostly photocopies) on the history of computer architecture, see Figures 25-26 for a 
catalog of the contents. In the sleeve was also a programme for the History of Computation 
symposium held in Oxford on 18-19 September 1993 (Figures 12-14), a copy of Eine 
Kostbarkeit im Landesarchiv Hannover by von Werner Lange about Leibniz’s Ready 
Reckoner (Figures 15-23), and a photograph (Fig.24) of the frontage of Combridge 
Galleries and Murray McGrath Ltd. 
 
How these items related to the acquisition of Ludgate’s paper has yet to be properly 
established. Combridge Galleries was then a well-known art gallery, and Murray McGrath 
Ltd provided optician services; both were in Duke Street, Dublin, beside the well known 
Bailey public house. The statue of a sailor on the frontage was first owned by Richard 
Spear, an optician and mathematical instrument maker, who had the statue outside his 
shop, first when it was in Capel Street, Dublin, then when it moved to College Green 
outside Trinity College Dublin. Spear was born in 1770 in Northern Ireland and died on 
28-Jan-1832 on College Green, so is unlikely to relate to Ludgate, although he would have 
been just the kind of person Ludgate needed to build his engine. Apparently John Murray 
rescued the statue fom a quay dump, presumably being aware of its significance amongst 
opticians and instrument makers. It is conceivable Ludgate’s paper was acquired in 
Combridge Galleries. It is also likely von Werner Lange’s paper was included for its 
splendid exploded drawing of Leibniz’s machine and its relevance to Ludgate’s engine. 
Fig.23 is a composite image of this exploded diagram reconstructed from pages Figures 
19-21. 
 
See elsewhere in this catalog for related items, and in particularly in the Hardware 
category for further detail and for the extensive set of documents and evidence in its 
related folder. 
 



The homepage for this catalog is at: https://www.scss.tcd.ie/SCSSTreasuresCatalog/ 
Click 'Accession Index' (1st column listed) for related folder, or 'About' for further guidance. 
Some of the items below may be more properly part of other categories of this catalog, 
but are listed here for convenience. 
 
Accession Index Object with Identification 

TCD-SCSS-V.20121208.873.01 
 

Percy E.Ludgate, 'On a Proposed Analytical Machine', offprint 
of article in Scientific Proceedings of the Royal Dublin Society, 
Vol.12, No.9, pp.77-91, 28-Apr-1909. 

TCD-SCSS-V.20121208.873.02 
 

Programme for the History of Computation symposium held in 
Oxford on 18-19 September 1993. 

TCD-SCSS-V.20121208.873.03 
 

Copy of 'Eine Kostbarkeit im Landesarchiv Hannover' by von 
Werner Lange about Leibniz’s Ready Reckoner. 

TCD-SCSS-V.20121208.873.04 
 

Photograph (Fig.24) of the frontage of 'Combridge Galleries' and 
'Murray McGrath Ltd'. 

TCD-SCSS-V.20170217.001 Reprint of 1909 RDS Proceedings that includes article on Percy 
Ludgate's analytical engine, Scientific Proceedings of the Royal 
Dublin Society, Vol.12, No.9, including: Percy E.Ludgate, 'On a 
Proposed Analytical Machine', pp.77-91, 28-Apr-1909, reprinted 
2016. 

TCD-SCSS-V.20170124.001 Nature volume that includes review of article on Percy Ludgate's 
analytical engine, Nature, Vol.81, including: C.V.Boys, 'A new 
analytical engine', pp.14-15, Jul-1909. 

TCD-SCSS-V.20170221.001 
 

Napier Tercentenary Celebration Handbook that includes article 
by Percy Ludgate, Handbook of the Napier tercentenary 
celebration or modern instruments and methods of calculation, 
Ed: E.M.Horsburgh, including: Percy E.Ludgate, 'Automatic 
Calculating Machines', 1914. 

TCD-SCSS-X.20121208.002 Percy E. Ludgate Prize in Computer Science. Prize in memory 
of Percy Ludgate's novel 1909  
design for an Analytical Engine, the next after Babbage's. 
c.1909. 

TCD-SCSS-X.20121208.001 Charles Babbage's Engines, Irish interactions with Charles 
Babbage regarding his Difference Engines and Analytical 
Engine, c.1843. 

TCD-SCSS-V.20121208.870 Ada Lovelace's famous translation with an 'Addition', 
Prof.J.G.Byrne's offprint of Ada Lovelace's translation of 
L.Menabrea's 'Sketch' of the Analytical Engine, incorporating an 
offprint of Charles Babbage's 'Addition', c.1843. 
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Figure 1: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 1 

 



 
Figure 2: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 2 

 



 
Figure 3: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 3 

 



 
Figure 4: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 4 

 



 
Figure 5: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 5 

 



 
Figure 6: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 6 

 



 
Figure 7: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 7 

 



 
Figure 8: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 8 

 



 
Figure 9: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 9 

 



 
Figure 10: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 10 

 



 
Figure 11: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 11 

 



 
Figure 12: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 12 

 



 
Figure 13: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 13 

 



 
Figure 14: Percy Ludgate’s 1909 paper ‘On a Proposed Analytical Machine’ page 14 

 



 
Figure 15: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange Page 717 
 



 
Figure 16: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange Page 718 
 



 
Figure 17: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange Page 719(RHS) 

 



 
Figure 18: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange Page 720 
 



 
Figure 19: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange, copy of middle of Pages 718-719 

 



 
Figure 20: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange, 2nd copy of  Page 719 

 



 
Figure 21: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange, 2nd copy of  Page 718 

 



 
Figure 22: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange 

Annotations on back of page, presumably by Prof.J.G.Byrne 
 



 
Figure 23: ‘Eine Kostbarkeit im Landesarchiv Hannover’ by von Werner Lange 

Image reconstruction of combination of Pages 718-719 
 



 
Figure 24: Photograph of Combridge Galleries and Murray McGrath Ltd 

 



 
Figure 25: Catalog of Prof.J.G.Byrne’s ringbinder on History of Computer Architecture Page 1 

 



 
Figure 26: Catalog of Prof.J.G.Byrne’s ringbinder on History of Computer Architecture Page 2 

Note that Item (ii) is included in the sleeve containing Item (ff) 



 


