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ABSTRACT

Not long after Claude Chappe had successfully demonstrated the feasibility of opti-
cal telgraply in France in 1794, the gernments of most countries in Europe reedi
and solicited proposals for similar constructiofentually this lead to the creation of
at least one or morexgerimental lines in countries such as Sweden, England, Denmark,
Norway, Finland, The Netherlands, Spain, and Genmawe will focus in this paper on
the deeelopments in England, with occasional references to the systemgeleptse-
where.

1. Introduction

Until the beginning of the senteenth centuryin most countries the use of long-distance communication
methods was restricted to reletiy simple schemesThe methods consisted of fire beacons or small sets of
signal flags, that were used to communicate simple predefined messages. In 1588, for instance, the British
were warned of the Spanish Armada approaching their coast via a line of signal beacons that stretched from
Portsmouth to London. Similar lines had been in operation for centuries. (Note 1)

More sophisticated signaling techniques wereait known, but their full-scale adoption was precluded by

the relatvely large number of stations that would be needed to bridge large distafceperate, for
instance, the torch tejeaph that was described by Polybius as early as in the second century before Christ
(Note 2), one would need a signaling stativane few hundred meters, whereas well-placed fire beacons
could bridge distances of fifty kilometers or more.

2. The Trigger: Telescopes

All this changed with the irention of the telescope by the Dutch spectacleenklans Lippershein 1608.

A description of Lippershgs invention reached Galileo in 1609, and it became widelyakwith the pub-
lication of hisSderius Nunciusin 1610, in which Galileo announced the digsg of the moons of Jupiter
with the help of the telescop#Vith a 20 or 30 power telescopeee the torch telegraph of Polybius could
now be read at a distance ofwveeal kilometers. It did not taklong for the imentors of those days to start
developing nev types of telegraphs.

The precise operation of a true gaph, when used in a longer chain of stationsjelier, had yet to be
worked out. The basic ideas for maintaining a point-to-poinva&sation between tavwilling parties were
well-known, but the essential methods for synchronization, and error control had yet to be thought of.
1663, for instance, the Marquis ofovéester published a book call€@ntury of Inventions, in which he
claimed: (Note 3)
... anethod by which, at a winag as far as [the] eye can disos black from white, a man may hold discourse
with his correspondent, without noise made or notice taken; being according to ocoasipnrgineans &brded,
ex re nata, and no need of provision beforehand; though much better if foreseen, and coarsbytakutual con-
sent of parties.

Few descriptions went h@nd this leel of detail, and indeed fe if any, true signaling lines could yet be
constructed to exploit the powers of the telescope.



3. Hooke’s Device

A seminal contribution came in 1684. On 21 May 1684, the Englishman Sir Roberé Ki85-1703)
held a lecture for the Royal Society titl€th Showing A Way How To Communicate One's Mind At Great
Distances. (Note 4) In his lecture, Ho@kdescribed a simple device thabrks with the help of telescopes,
but for the first time eer he cetails a general method for operating dedghic devices reliablyHooke's
telegraph consisted of a wooden framuek from which large cut-out symbols could be display@&tiere
are three major innations in Hoole’s description of the general use of thisvide. First,in Hooke’s
description the symbols do not represent the letters from the alphabet, as most others had propgsed earlier
instead the represent abstract codes of which the meaning is defineddoabwary Second, in Hoo&
distinguishes carefully between the use of data or message symbols and the use of control $hebols.
latter carry no message information butytkerve to mntrol the data exchange itselooke gipulates that
control symbols are to displayed &bdhe frame of his telegraph, and the data symbols are to be displayed
belov it. Thirdly, and most importantlyHooke for the first time eer proposes explicit rules of protocol for
the transmissions. This isWwddooke explained the last tavpoints:

There will also requisite geral other characters, which mdgr expedition, express a whole sentence, to be con-

tinually made use of, whilst the correspondents are atéeatd communicating. The sentences to be expressed by

one character [symbol] may be such as these [...].

| am ready to communicate [synchronizatiorJam ready to observ[idem]. |shall be ready presently [delay].

see plainly what you she[acknavledgement]. She the last again [an error code]. Not too fast [rate control].

Shew faster [idem]. Answer me presentlixi [| have oken, i.e., end-of-td]. Make haste to communicate this

to the next correspondent [priorityl.stay for an answer; and the dik All which may be expressed byegl sin-

gle characters, to bexgosed on the top of the poles [instead of suspended tiegdon, like the characters for mes-

sage data], by themselves [...] so as no confusion may be created thereby.

It appears that, apart from a singkperiment with telegraphs mounted on opposite sides of the Thames
river in London, Hook’s telegraph was neer used in practice. His description, though, was known to most
later inventors, including to Claude Chappe in France, and his insights nuestdssed the way for them.

4. The Dollond Telescope

For another century no further progress was made. The next push forward was again inspired by
improvements in telescope design. The early telescopes weensve and had to be quite long tovgi
sufficient magnifications.Tubes lengths of seral meters were noxeeption. Asa result, the images pro-
duced by these telescopes were difine image could be made brighter by increasing the ratio of lens
diameter to tube length, but only at the expense of image quality.

In 1747, Leonhard Euler (1707-1783) found a way to use the flaws of one lense to correct those pf another
by using multiple lens elements in a more compact desportly afterwards, in 1750, the Swede Samuel
Klingenstjerna (1698-1765) made attemsie gudy of the color separation properties of different types of
glass, and in 1757 all thiswe&knowledge was combined in the construction of the so-called “Dollond tele-
scope€, by the Englishman John Dollond (1706-1761), with much imgdémage quality and resolution.

It became the standard for nyayears to come, and was used in the optical telegraphic systems that fol-
lowed within a matter of years. Theadability of the Dollond telescopes made a criticafetiénce in the
feasibility of optical telegraph

5. Sir Edgeworth’s Tellograph

One of the first ne experiments was performed by an Irish lawder named Sir Richard kell Edge-

worth (1744-1817).Edgevorth first designed his tedeaph in 1767. (Note 5) It consisted of a singlgdar
pointer that could be rotated in 45 degree incremeBéeh of the eight possible positions of the pointer
indicated a signal elemenfwo subsequent elements could indicate a choice of one of 64 possible codes;
three subsequent elementsrga choice of one of 256 codes, etc. An experiment withTHigraph, as t

was named by Edgeorth, was described in a newspaper from August 1794, as follows:

The inde has eight different situations in the circle it describes signifying the eight figures (0, 1, 2, 3, 4, 5, 6, 7).
The person at the corresponding station taken fifteen mileswfthoroughly perceé by the help of a good tele-
scope, eery situation of the indeand each party at each station is furnished with a glossary or a dictionary to
explain the signals; thus the ideas of one may be iwarfi@autes communicated to the other.



This newspaper reportas triggered by the first news of Claude Chappe&cesses in France with an opti-
cal telegraph line. Despite a strong lopayd an offer to carry all the necessarpenses, Edgeorth did
not succeed in persuading the Iristvggament to install a line of Tellograph stations in Ireland.

So the issue of telegraph design was allowed to lay dormant in England fernaofe years, until the
developments in France started making headlines & &urope. In1795 the British Admiralty still

ordered the construction of 48 traditional signal towers along the south coast of England, from Sheerness to
Land's BEnd, hut that same year it also reesl and appreed a poposal by Lord George Murray
(1761-1803) to build a first optical telegraph lifdurray’s proposal was aariation of a Swedish design

that was due to Abraham Niclas Edelcrantz.

6. Lord Murray’ s Shutter Telegraph

In 1794, Edelcrantz had disclosed a design of a ten-shuttgragiefor signaling along the Swedish coast-
line. (Note 6) Murraywho almost certainly had seen or heard about this work, proposed a @uiiabion
of this system, using six instead of ten shuttédsirray’s design had tw columns, each with three octago-
nal shutters. Six shutter were sufficient to prodefcer 64 signal combinations; far fewer than #%or
1024 from Edelcrantg’design, but deemed digient. Themotivation for this choice ws summarized in
one of the first articles on optical telegrgphat appeared in tHencyclopaedia Britannica of 1797:
This telegraph [Murrag] is without doubt made up of the best number of combinations possiblepéirds [shut-
ters] would be insufficient, andam would be useless.

The article continues with a small note of caution, reflecting that the Msitedggyraphs had its critics:

It has been objected to it, Wever, that its form is too clumsy to admit of its being raised pamsiderable height
above the huilding on which it stands; and that it cannot be made to change its direction, and consequently cannot
be seen but from one particular point.

Edelcrantz, who soon heard about the competing British design, also criticized it, in a booklet on optical
telegraply that he published in Stockholm in 1796. He wrote:
It is easily seen that this device, which as far as the shutters are concerned is similar to theeotesdiitzed . . .,
and which | reported and realized as early as in 1794, is otherwise qféterdif All other telegraphs usually
require at least one signal per lett@his system seems to requireoteeparate signals in order to expregarg let-
ter in the alphabet, and in consequence appears twicenaasstidinary telegraphs, but six times asvslas hose
telegraphs where one signal can indicate syllables of three or four letters.

A little later Edelcrantz also casts his doubts about the proper construction of the Britistofchig
design:
This machine [Murray’s], the external or internal construction of which Wkmathing about, does not seem to be

build in such a manner that the shutters carwsagenst the sig. Snce the shutters are also fairly close to each
other it must encounter great problems from the shimmering of thbatir when the air is clear and when it is not.

The British Admiralty nonetheless accepted Mursaggsign and constructed a first line of 15 stations,
going east from London via Chatham to Deal, with a branch north femmsham via Tonge to Sheerness.

The line wvas completed on 27 January 1796. (Note 7) Signals could be sent via this line from London to
Deal in about one minute.

The line vas extended later in 1796 with 10 additional stations from London via Beacon Hill south to
Portsmouth, ééctively replacing the traditional line of signal-stations along that route. In the early years
of the nineteenth centyrgonstruction of ne lines was delayed sombat after the signing of the Peace of
Amience remued the threat of a Frenchvasion temporarily By 1806, havever, the construction of opti-

cal telegraph stations wasvitalized. Inthat year another 22 stations were added to the growingretw
leading from Beacon Hill 200 miles southwest to Plymouth. In 1807 another line of 18 stations from Lon-
don via Hampstead north to Great Yarmouth was added. By 1808 a total of 65 optipaptelgtations

were in operation, all based on Murmaghutter design.

Geoge Murrays design remained in avg wse until circa 1816. Perhaps as a result of frustration with the
limitations of Murrays g/stem, @er 100 nav designs for telegraphs were submitted to the British Admi-

ralty and the British Parliament between 1796 and 1816. The counter-proposals had started as early as in
1795, when Murray pans first receied some publicity One of these counter-proposals, for instances w
submitted by John Gamble, otherwise employed as chaplain to members ofjahéamdly. Gambles



design was reminiscent of Edgarth’s, using radial armsBut it, like dl the others, was rejected by the
admiralty saying the were:
... so well satisfied with the telegraphs erected under the direction of Lord George Murray ytdid thet think it
necessary to makany experiment with the radiated form.

Sir Edgevorth, who similarly had no success with his own proposals at the British Admataltied to
lobby the British Parliament in the same peribte was only slightly successful there. In 1804 parliament
accepted Edgeorth’s Tellograph design, W it then failed to follow-up by securing the funds for the con-
struction of ag lines.

Geoge Murray died in 1803, just 42 years old, and could no longer defend his design tovtbicfliti-
cism of competing wentors. In1816, the British Admiralty yielded to the critics and adopted a design
from the British Admiral Sir Home Riggs Popham (1762—-1820) to replace Msigeyem.

7. Admiral Popham’s Two-Armed Telegraph

Curiously Pophams design looks closer to Edgerth’s Tellograph design than either Chagpggmaphore

or Murray's shutter telgraph. Hisdesign consisted of twmovable arms that could be placed in one of
seven positions, alleving 7 = 49 dfferent signals. The design was meant to be used both on land,-as Mur
ray’s system, and on ships, where until then only flag signaling systems had been used.

The design with rotating arms had meanwhile also reached France, where not withstanding Gnappe’
cess with the semaphore wlaph, starting in 1801 the French had put in place a coast signaling system
consisting of a mast with three indicator wings attached. In that system, each wing could be placed in eight
possible positions, likthe Tellograph. Thissystem is traditionally attributed to the Frenchman C. Depil-

lon. Around1807 the Depillon tefraph had been installed along the coast from Vlissingen in the Nether
lands to Bayonne in France, and could easilyehaspired Popham when he made his proposal to the
British Admiralty in 1816.(Popham, after all, was an admiral, and coulktmen the Depillon tetgaphs

in operation for mapnyears wheneer his fleet approached the European coastline.)

Apparently there was still a lingering doubt that the telegraph designs could be viadprd\fter
Napoleons cefeat at Waterloo in 1815, France and England were on better terms, and in 1819 the English
ambassador to France requested the Frenafrrguoent to gie England a model of the Chappe tgigph.

This was promptly done, but intentionally or accidentailtyinstructions or code tables were included, and

so very little could be learned from iA trial was done with a Chappe telegraph installed at Nunhead for a
brief period of time, but it was soon replaced with Popkaisign.

8. Colonel Pasleys Improvement

In 1822 Pophars’ design was revised by Colonel (later General) CharleBaaley (1780-1861). Thaew
system still had tew movable arms, but this time each arm could be set in one of eight positions, producing
8x8 or 64 @de combinations, and of course resembling the Depillon systamteser The upper arm in
Pasley’s design had a fixed V-shape, to reak easier to distinguish it.Pasley’s telegraph was used to
reconstruct, for instance, the line from London to Portsmouth, which had been abandoned imhES16.
new line from London to Portsmouthas in operation from 1822 until 184A start was also made with
the reconstruction of the branch to Plymouth, this time starting not at BeacontHilt & station called
Chatley Heath, close to London on thewneondon to Portsmouth lineConstruction on the branch to Ply-
mouth started in 1825, but itag suspended in 1831 andréreresumed. Theuse of the Bsley system,
however, survived much longer still on ships. Its use, for instance, was reported durinvigea & the fleet
at Spithead by Queenidforia prior to its departure to the Crimean War in 1859. The historiatdDa
Woods noted:

The Royal Navy retained mechanical semaphores aboard ship until 1943. The only differencsfegsdgnal

design was the elimination of his subsidiary ‘indicator’ arm [i.e., only the V-shaped arm was used].



9. Lieutenant Watson’s Decimal Telegraph

One last significant impr@ment in the design of the optical tgtephs took place in England in 182

that yearresere Marine Lieutenant Barnard L. At6on constructed a commercially operated line of 11 sta-
tions connecting Merpool along the coastline westward to Holyhedde line was in operation until
1860. \Watsons design consisted of a single support column with three indicator pairs mounted at the top.
Each of the three indicators could be set in one of ten positionsjrgjla simple decimal encoding of sig-
nals. Watson defined nine code groups, each of 1,000 sigAalgst signal of each series would be used

to select the required signal group, or code book.

10. Influence on Other Countries

Optical telegraph designs were used in ynathier countries, both in Europe and elkere. TheChappe
telegraph design was undeniably the first, and the most significant trigger for all ke¢kpdeents. But
curiously few d the other countries would adopt the Chappe system. There weareeackeptions, most
notably in Russia.In 1833, for instance, the frenchman Jacob Chateau was commissioned to design an
optical telegraph link between the Winter Palace in St. Petgrebd Kronstadt. Two years latertwo

more lines, from the palace St. Peterglio palaces in Tsarskoje Selo and to Hatsina were adtled.sys-

tem, a minor modification of the Chappe telegrapds awpparently so successful that in 1836 construction
began on aline of 220 Chappe telegraphs connecting St. Petgysb Warsav. That line was completed in

1839. (Note 8)

In comparison, both the Swedish shutter design and the Englishotwthree-armed semaphores had a
much greater influence on the designs that were adoptedhelge Thefollowing sections gie a lief
oveview of the influence of these twsystems on the other countries, as far as it can still be traced today.

10.1 Germany

In December 1830, #W{sons design was chosen Rostrat Carl Pistor (1778-1847) in Germato con-

struct the first line of optical tejeaph stations between Berlin to Koblenz, with some mimarstly
mechanical, ariations. Pistos proposal recommended to the king on 22 September 1831, and adopted.
On 16 October 1831 the cabinet appointed a commission to prepare the construction of the line from Berlin
to Koblenz, based on Pisterfroposal. On21 July 1832 the construction of a line of 64 stations from
Berlin to Koblenz was assigned to Major Franz August O’Etzel (1784—-1850). The line was completed in
June 1833.

10.2 Australia

Pophams and Watsons telegraphs were also applied in AustraliA. first line of optical telegraphsas
installed in Sydngin 1827, based on Pophasriesign. In1832 the semaphores were equipped with one
extra arm, in a departure from Popharg/stem, thus expanding the number of combinationd to343.

In 1838, finally a svitch was made to Watsandmple design from 1827.

10.3 America

On old illustrations from 1838 and 1850, thetdbn telegraphs can also be seen agwere used in
America, placed at Staten Island neamNéork. (Note 9) The station at Staten Island connected via sta-
tions at Sandy Hook, and at Mercharichange to Manhattan.

10.4 Sweden

In the Scandinavian countries afdient line of deelopment was follwed. Thedesign of the Swedish net-
work was understandably based on the ten-shuttegrégde from 1794, designed by Abraham Niclas Edel-
crantz. Thenetwork in Sweden consisted of approximately 50 telegraph stations in 18@8ingoa dis-
tance of some 200 km, and piding employment for 172 people. The network connected Stockholm to
the city of G"vle in the north, to Landsort in the south and to Ecker on land in the east.



10.5 Denmark

In Denmark the nal captain Lorenz Fisker (1753—-1819) designe@duawnt of Edelcrant®’s/stem in 1799

with, instead of ten shutters, eighteen rotating flaps. Each flap was ca. 2 by 0.75amdetsyuld be
rotated from a vertical to a horizontal position with stringklike in Edelcrantzs g/stem, each flap as

always completely @posed. Thdisker semaphore alleed 28 = 262 144 mmbinations, although its\en-

tor claimed only42 221. It took a minimum of 22 seconds to set and read a single sign, compared to six
seconds for the Edelcrantz system. In early 1801 a line of 24 stations along the east coast of &lland w
built, under the threat of an attack of the British fleet. (The attack came on 2 April 180th¢ fall of

1801, with the threat gone, the lin@svdiscarded. Construction on amiéne was not begun until 1808.
When it was finished the line consisted of 26 stations leading from Heisinger at the Northern tip of Sj’lland,
across the island Fnen, to Kiel on the mainlanav(imoGermary). In 1811, the complicated Fisker system
was replaced with a simpler design by someone named Schumdohtie Schumacher system,diflaps

were placed in fie olumns, each in one of ten possible positions, encoding a five-place decimal number.

10.6 Norway

Captain Ole Olsen designed a variant of €iskgystem in 1808 for use in Noay. Olsen’s device had six
rotating flaps, mounted in twows of three flaps each. The shutters, or flaps, could be placed in three posi-
tions: up, dwn, or obscured from wein a horizontal position.Olsens device thus allowed fo8° = 729

code combinations, of which only 229 appeared in the signal books. From 1810 until 1814 a line of 227
optical telegraph stations was in operation, connecting Halden, along the coast, via Oslodteeim.

The stations were built fairly close togethen average 4 to 5 km apart, tovercome the problems of fog

and poor visibility The operation and maintenance of the line, ivawgrevented continued use.

10.7 Finland

In Finland it took longer for the first optical telegraphs to be construdtkey were based more directly

on Edelcrantz shutter design.A modified shutter designas proposed by Captain Carl Otto Ramstedt in

the early 1850’s. (Note 8) It containedataolumns of five rectangular shutters each, connected ia fiws

to a mast.A lamge ball could be raised into the top of the mast, to increase the code space beyond that of
Edelcrantzs gystem to 2,048 different signalé line of an estimated 80 stations was built along the south-
ern coast of Finland in 1854 (during the Crimean War) connecting Helsinki to Turku in the West, and
towards Leningrad in the East. The line was abandoned in 1856, when the Crimean War ended.

10.8 The Netherlands

The Netherlands, finallyadopted a slightly difference design again, also based on the shutter principle.
Shortly after Belgium declared itself independent from the Netherlands, in 1830, the Dutch commissioned
Antoine Lipkens to establish an optical tgigph line that could be used during a possiblesion. Lip-

kens designed a telegraph with six rotating disks, each diskneters in diametefNote 10)

A first link, between the Hague and Breda, went in operation in 18Bdrtly afterwards the mg
base in Vlissingen was also connectéidook one minute to send a message from the Hague to Vlissingen,
transferred by nineteen disc semaphore stations, roughly ten kilometers apart. The disk telegraph was in
operation until 1839 Detailed instructions are preserved in the State feshin the Hague.A model of
the Lipkens telgraph, built by its authpran be found in the Modellenkamer of the Rijksmuseum in Ams-
terdam. Disktelegraphs of Lipkins design lia recently also been found on the island of Curacao in the
Netherlands Antilles. (Note 11)
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