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Introduction

There is a lot to tell about David E. Hugh@&ople know hinfor his revolutionary printing telegraph and

his carbon microphondut he had a lot more to offer. This is described in great detail in the fantastic book
"Before We Went Wireless" by Ivor Hughes (not related to David E. Hughes) & David E. &esfi$] in

the Bibliography at the end of this articl@hat book published in2011, was the result ofh-depthresearch

that took ten yearst resulted in a very informativeook of 386 pagesboutthe life and work oprofessor

David Hughes. As far as | aooncerned tideserves a PhD cum laid was contacted by Ivor in 20@ghen

he discovered that there were three different models of the historical 'piano keyboard telegraph' in my
collection and askedor permissionto include some of my photographs irs Huture book.Of course,
honouredwith his questionl gladly allowed that. | then had the pleasure to exchange a numbeanaifse

with him. So Ilearned that he had previously published a detailed summary of the life and work of Professor
Hughes in thdournal of the American Wireless Associat|{@. And now he has giveme permission to use

his article extensively to upholster my article beldwould not find a better sour@ndalmosteverything

here in Part 1s based oris articlé | have limitedmyself here to the field of telegraphy arfwliefly, to the

one oftelephonybutl vor 6 s ar t i dlueg h @akkhdrexpdriensntsroihdr ekls.

Regarding thehreedifferent years of his deathhavethe following explanation from Ivor Hughes:

AHi s Obituary quotes 1 8830l Ouaresgarchhoggh(spe pagee of millbbogk) 1 6 t
puts it at 18th June, 1829. This is based on baptism records which state his birth date. We were never able t
find an actual birth certificate. Hope this eithe



PART 1:HISTORICAL INFORMATION
Prologue

Professor David Edward Hughes was a brilliant inventor and practical experieshteell as a gifted
musician, ever inquisitive and a trlover of scienceHe was born when Michael Faraday and Joseph Henry
were stild]l uncovering the mysteries of el ectric
observations that electricity could create magnetism, and magnetism could e ossate electricitytHe

lived through a period rich in famous names still familiar today, such as William Thomson (Lord Kelvin),
Cyrus Field, Samuel Morse, Thomas Edison and Alexander Graham Bell

Hughes was to leave his mark through his inventionsdssabveries in the fields of telegraphy, telephony,
wireless, metal detection, and audiologle was an international scientist whose life was spent between
America, Britain, and Continental Europe, and became one of the most decorated sciergistag high

honors fran no less than nine countriddughes was one of the few satfide scientists who were able to
amass a substantial sum of money over his lifetime, which upon his death he generously donated to the
London Hospitals. However, like mg of the early scientific foot soldiergho laid down the foundations of

our communications industritis name has tended to sink below the history horizon.

His early years

The inscription on his tomb indicates thatvi@s borron May 16h, 183Q whichis

exactly a year earlier than the dateMfy 16th,1831quoted in most references. No

official source can be fountb corroborateeither dateHis father, originally from

Wales, and a boot maker by trade, was a gifted musician who moved to London,
married and had four children. David Hughes and his two brothers and sister
appeared to have inherited thenauralf at he
musicians.At only six years oldDavid is known to have played the harp and
English concertina to a very high standafdhi s t al ent wasnoét w:
musical troupe was formed and toured the music halls of London and the provinces.
Theywe e bil | ed PeodigepheandClwielnd on to perf
Family and other notables. Buoyed by their success, the child prodigies musical
show was taken on tour to America, which opened its arms to the child perfoTrherrspopuIarlty and

novelty led to the honor of performing at the White Houskeer several R o o

years of show business they had acquired significant wealth and the fi
retired from the entertainment business to take up touring for plea
Their travels were extensive, covagiNorth America from Nova Scotia t¢
New OrleansAny thoughts of returning to the old country appear to h:
slipped away and inthe 1840s the family settled dowon a farm in
Virginia.

During their travel s, the «cmda
private tutor traveled with thenbavid Hughesshowed the same flare fo "™

the sciences as he had for music. He was both inquisitive and inventive aia

his father built a laboratory next to the fafar him. Here, Hughespent his time carrying out chestry
experiments, taking mechanisms apart, building new ones, and making impradseta their mining
equipmentHughes was living in an interestiqgeriod andwould see théirth of many new technologies
throughout his lifetimeOne of these was theansition of electricity from a poorly understood phenomenon

into a technological powerhousghis occurred when it was applied to the electric telegraph introduced
during the 184006s by William Fothergill FEModee an:



and Alfred Vail in America.Overnight, almost, it seems that communication time shrank from months,
weeks or days to a matter of minutes.

The Telegraph Era

It was while Hughes was a teenager that he first saw a Morse telegraph system tioropEieays
inquisitive when he saw new mechanisms, he questioned the operator as to how it worked. Whilst simple and
practical in its operation, it must have set his innovative mind to pimgdeow sich a system could be
improved.Over the following fewyears, he was to bring his ideas to fruition by inventirs own telegraph
instrumentAs hecame to the end of his teen years, he became resitledf the limited amenitgof rural
Virginian farm life. People were starting to look to the westriew opportunities and he decided to join the
migration. He applied, and was accepted for a post as a professor of philosophy anédtffusic J o s e p h
Collegein Bardstown Kentucky.This was somewhat of an accomplishment at his youngbageHughes

was proud of becoming a professor, a title he maintained throughout highifenove to Kentucky in 1850

turned out to be a tough period for him as he had limited money and haglehis time to accommodate
teaching, taking on private muasstudents and experimenting with his ideas for a new telegraph instrument.

During this period, Hughes started to formulate how he could implement the telegraph instrument he had in
his mind. He decided that instead of using codes that required ogeaatiorg as well as requiring mule

pulses to be transmittedt, would be better if one could just type in the message directly as alphabetical
characters and print theaut at the receiving statiohlughes was not alone in attempting to invent aebett
telegraph instrument and a numbeisgétems had or were appearinging a variety of operating principles

and vying for their place either in the European or the American market. These used signaling methods such
as a multitude of short and long pudses in the Morse systeim long stream of pulses as in the step by step
systemsor signals of different polarity da the needle or dial systemsa. America atthattime there were

only two serious contenders to the Morse systdma Alexander Bain eléochemical telegraph and the

Royal Earl House printing instrument patented in 1846 and in operation by 1847. Whilst these instruments
were used by some of the telegraph companies, Morse was by far the dominant aydtemctonstantly

fought to keep ittt a t way by challenging any attempts by p
typing in letters and either displaying or printing them at the receiver was not new, and had been used by
Paul Gustave Froment in France and Royal Earl House in Ameriegevdr, his ideas and approach would

result in an instrument that would both look and operate differently.



His concept was to provide a keyboatdhe sending ensb that the letters could be typed in directly, and at
the receiving end print out the tiets and words onto a paper ta@me of the most ingenious parts of his
telegraph, though, was in its method of transmitting the information from transmitter to receiver. Up to that
time, telegraph systems were based on transmitting voltage pulses ahdnhigethree parameters:
amplitude, polarity and duratipin their method of signaling. Hughdsowever introduced a time element

to his scheme. His notes indicdlbathe conceived of a orf@vaved system (waves were often used to refer
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The Hughes telegraph system showing the keys and scanning rotating helix of the transmit-
ter. Pressing any key resulted in the transmission of a single electrical pulse which activated a
Hughes relay in the (synchronized) receiving instrument, causing the rapid release of the platen

and the printing of the letter on a moving paper tape.

to pulses). He had figured out how to transmit all 26 letters of the alphabet using a single pulse. To
accomplish this he constructed a keyboard not unlike a manual typewriter, except the keys were arranged in
alphatetical order. Next, he constructed a mechanical scanning device that could scan the keyboard to
determine when a key had been pressai was implemented by using a rotating cylinder that had a helical
pattern of 26 protruding pins (not unlike a musibak cylinder), and driven by a clockwork mechanism.
When a letter key was pressed down, it pushed forward a contaatatbstruck by a pin of the helix on the
rotating cylinder. By connecting a battery across the cylinder and keys, a voltage pulséevgalterated
whenever a contact was made. The cylinder was rotated at a constarargppeeshned all 26 letters once

each revolutionFor examplei f t he AAO0 key was pressed the first
contact and i then fiheéfilith pimavas stpuckdbsitdisptiaice time by 5/26 of a revolution).

Thus, he had set up a repetitive time base (equal to the rotatibe oflinder) that was in turn subdivided

into 26 time slicesEach time slice could transmit a one oremazrepresented by a pulse or no pulde.

actual practice, Hughes used 28 keys twedmachinean at 120 rpm). Depending at what position the pulse
occurred within the time base indicated which letter had been transmiitted.he had conceived of was

pulse position modulatiogystem that would find many future applications and would later evolveiiméo

division multiplexing

At the receiver, he arranged for a print wheel (with 26 letters plus the two extra posdigesiod and a
blank) to ptate at a constant speed and in phase with the scanning cylinder in the transmitter. Below the print



wheel was a platen that could be rapidly raised againand acontinwous paper strip was fed over the
platen.When a pulse was received, it triggetbe platen to be rapidly lifted and briefly contact the print
wheelto print a letter on the paper tape. Other mechanisms advanced the paper and inked the print wheel
Hu g sehalienge was how to get two telegraph instruments to run in perfect synohranis phase
separated by tens or hundreds of miles. Here all his experimenting with clocks came inds fi@ywere

at the time théhighestprecision mechanism available. He solved the problem by using a vibrating spring
strip to provide the precisiotiming instead of a pendulum, which would have proved far too slow. The
oscillating spring strip drove a typical clock mechanisith an anchor escapement. The power for the
mechanisms was provided by a falling weight drive similar to that used in grandfather clocks. In return, the
vibrating spring received mudge fronthe escapement wheel each period to keep it oscillating. Theingrat
spring was also fitted with a temperature compensating mechanism to keep the vibrating frequency constant.

Hughesos approach was based on tra
sensitive detector in the receiv@aiter calleda polarized reby). The detector was ¢
smart piece of design. Hughes used a permanent horseshoe magnet with soft ir
pieces onto which were wound coils. He then arranged an armature to close acr
gap, held by the magnetic force of the magnet. The armature $faiing attached
that could be tensioned such that it was just about to pull the armature clear. W |
pulse was received it was routed through the coils. The resulting magnetic
generated was in opposition to that of the permanent mapnstweakeimg it. This
caused the armature to release and to fly off under the influence of the tens
spring. Not only did this need a lot less electrical power to operate but alsu uic
response of the detector was very rapid. The release of the armature dridpgeptaten to rise against the

print wheel. The actuation power for the receiver was also provided by a falling weight drive. As the printing
was able to take place without stopping the print wheel, it contributed to its overall higher operating speed
than other system@®©nce the platen had operated, it also reset the armature of the detector.
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Hughesbés design actually integr at eadditavastdesgmedfromt t e 1
the start to operate in duplex mode (able to tranandtreceive simultaneously). It was also possible to send
more than one letter per revolution of the scanning cylingrewided thatthey were spaced a number of

letters apart equal to the timeededo recycle the receiving relay. For example, the wofdl y 6 coul d
transmitted within one revolution, again further contributing to the speed of transmission. The usual quoted
average was three letters per revolution, and five was the maximum.

The instruments at the sending and receiving end had $grimhronized, and the following procedure was
used to accomplish thignstruments could initially be accurately set to run at close to the same frequency
after manufacture. Then installed instrumesgs inNew York andPhiladelphiawere set to start in phase.
The transmitting instrument and receiver i nstrur
instruments, the mechanisms were all runpn@geptthatthe print wheel was declutched from its rotating
shaft and heldtahe blank position in a waitg mode. The transmitting operator then pressed down the blank
key on the keyboardi/hen the receiver detected the blank signal, it unlatched the print wheel setting both
instruments to run in synchronism. This clever arramg® also took care of instrument time lags and
transmission line lags by automatically offsetting the print wheel equal to the time difference. As these time
lags would remain constant, the instruments would remain in synchronism. Time lags up to lotiemexfo

the print wheel could be accommodated (0.5 sec for a rotation of 120 rpm).

Next, to ensure that both instruments were running at the same frequency the following procedure was used.
The transmitting i nstr ume.lifthe receiverprinted dut aseriesiosithang o f
they were running at the same frequendgwever if the receiver printed out letters that were running away

say B, C, D, etc., then the receiver was running too fast or if it was printing Z, X, Ythetcit was running

too slow. Thus, the frequency of the receiver was adjusted until a sefigsofvas printed.



Hughes finally managed to complete his prototype instruments and get them to successfully operate over
telegraph lines in 1855%vith an aveage speed of 44 words per minutés next move was to patetie
instruments and see if he could get the telegraph companies interested in buying the rights. At the time there
were many competing telegraph companieih a fragmented operation coveriiige Eastern part of
America. One of their big customers was the newspapersinapdrticular, the Associated Press (AP), who

had an ongoing battle to reduce the cost of sending their dispatches over thelbtairszted telegraph

lines.

When Hughes halarely completed his prototypes, the AP got wind of his invention and summoned him to
New York. | f they could acquire Hughesbs telegraph,
companies by threatening competition to force reduced rates and pdssigl about some cohesion in the
industry. APO6s common objective wbsnelinsCGymen govifled e | d
the i mpetus for the New York businessmen to move
Telegraph Compny 6 ( ATC) with Peter Cooper as president
¢corporator@ The AP played a prominent role in bringing this abéliighes was offered $100,000 for his
telegraph systema sum that must have been beyond his wildesams.This was to set a pattern for his

life, as he always seemed be just in the right place at the right time with the right product. He was
however unaware that his invention was to be a pawn in the American Telegraph Company business
dealings. Tk AP and ATC now had a competing telegraph system and some clout to use against the Morse
companies to start forcing them to amalgamate with the ATC and reduce their costs.

Hughesdé instrument was assessed as not being robi
To solve this, the ATC put their experiendedhnician George Phelpgso work with Hughes in upgrading

the instrumentThis relationship was nothaays harmoniousas theyoung Hugheswas protective of his
invention while the more senior Phelps an experienced machinist and familiar with the telegraph
instruments of the day was probably full of ideas as to how to improve the mechanisms. Théualen
outcome however was an instrument that was more robustcorporaing various changes and
improvementsThese werereplacing the typewriter type letter keys witlpiano style keyboardchanging

the mechanical scanning mechanism to a rotating caatorubeefing up the clockwork mechanism, adding

a corrector mechanism to keep the instruments in tight synchroaisincombining the transmitter and
receiver weight drive mechanism. Manufacturing commenced and the instruments started to be put into
senice. Hughespatented his original telegraph in England in 1855 and in America in 1856.

By 183 Cyrus Field was ready to malesecondattempt to lay a cable across the Atlantic and invited
Hughes to England to join hinhugh es coul dn 6 tge ancevwas draavn intd the poojektisl | e n
involvement briefly spanned the summer and fall of 18%8&hat period he was to meet, and work with, the

6famousd William Thomson B(thacontributionscamé e a sudden stopind K
the fall of 1858 as the cable that had operated &broat whilewent deadAfter thatfailure, Hughes tried to
break into the British market dominated by the e

no successHehad deci ded t hat t her e was npsince ATCcowneg the n t
rights to his instrument and the telegraph industry was starting to become monopolized by them and
eventually, Western UniorHis instrument was subsequently furthmodified by Phelpswho combined

some of the features from the Hughes and House instramvéhthis own to construavhatbecame known

a s Cdmbinafion Instrumentandremained in service for many years.

Somewhat disillusioned in Britain, Hughes hahder Francewhich was using a fairly old system of their
own invention. It turned out they were about ready for an upgrade@mpen to evaluating new systems.
After a successful trial period, his telegraph system was adopted in 4§6ih he jushappened to be in the
right place at the right tim&he French put his system into use on the heavily wdedraph lines: Pars
Lyon, MarseilleLyon, ParisBordeaux, followed by Parise Havre and Parikille. They were happy



enough with the system ardlu g hs@erférmance thatEmperor Napoleon llpresented him with the
Imperial Order of the Legion of Honor in 1864. Unlike America, (and initially Britain), where the
telegraph companies were private or publicly tradedCdminental telegrapbompanies were all state run.
The Administration arranged to have R&ulstave Froment and his workshop in Parianufacture
Hughesbs t el e Jhisaunbd outtodbe an excedenttclwice as Fromvastable to make many
improvements andipgrads. Fromentunfortunately died irl866. But the workshop continued to operate
under the name of Dumoutifroment.

Adoption of his system then spread to Italy, Ruésigh a solution foiCyrillic alphabet!) Germany, Turkey
(with a solution for the fact #t writing was read from right to left!jjolland, Switzerland, Belgium, Spain,
Servig uétil it was in operation throughout Eurofide reader will certainly allow me to expand a bit on
Bel gi umeé

In 1868, during the conference in Vienna of the Internatidrelegraphic Union, the Hughes telegraph was
generally accepted and Belgium introduced it in 1869. In 1877, the telegraph station innthge stgtion
Brussels North had 21 of them in used thesaemained in service until 1947! A Hughes telegraph
achieved a speed of 40 to 45 words per minute, compared to 25 fbfotrise telegraph. However, the
Hughes telegraph did not push #Merse telegraph out of the market because it was rather expensiid; he
indeed only profit on the busiest lines. In 1925 Belgium owned 2y6@%e telegraphs against 122 Hughes
ones. The basic design of the model in 1947 was largely identical to that ofab@B#&sted for nearly 100
years!Belgium later awarded Hughe<tlitle of Officer of the Royal Order of Leopold

Whil st England initially had given Hughes the fAn:i
his telegraph previously, they eventually had to adopt his instruments to be compatible weékt tbe

Europe (athough there was some rumor that they removed his name from the instrument to avoid
embarrassment!). His instruments were put in to use by the United Kingdom Electric Telegraph Company
which Hughes also became a directamound 1870 his instruments were in routine service on many of the
crossChannel undersea cablddy the 187@ H u g hstekedgvaph, system was in widespread use throughout
Europe as well as in South America.

Hughes spent most of the 1860s and early 1870s baseddntRavelling widely on the continent in support

of his telegraph systemgor which he had licensed a number of manufactur@sring this time he
continued to make upgrades and improvements. These included adding numbers andfeymaliotal of

up o 56 characters, providing tactile feedback to the operator so as to know when a character had been
transmitted, improvements to the timing mechanisma changing over to electric motor drive.

By the end of the 1800s there were sont®@ Hughedelegraphs in operation in Europe. The total number
of telegraphs manufactured over the years was probably ajo@@ & the UK there was also a version that
used a compressed air motor!

Hughesbecame known as one of the expert telegraph engineems d¢hyhhewas not just in the business of
selling instruments bwvas alsgpromoting a communication system. He was also called on to investigate the
growing problems of electrical interference and lightning strikes on telegraph installations. He was
recoquized for his serviceas he became one of the most decorated scientists of theedaiying honors

from all the countries he had systemsthie also received the Gold Medal at the Paris Exhibition in 1867,
along with Cyrus Field.

In 1877, Hughes decidad move to London, then considered the scientific epiceHisrtelegraph system

had been so successful that he had become relatively wealthy, allowing him to become financially
independentHe was now regarded as one of fineeminent telegraph men Europe and was about to take

his place in the scientific circle as an independent researcher.



The Telephone Era

Also in 1877,Alexander Graham Bell had just introduced his telephone, and it was the talk of the town.
Whilst it was a wonderful inventioiit, had its limitationsHughes, along with others, was quick to recognize
this.Bel |l 6s telephone used the same electromagnet.i
transmitter While it worked well for the former, it lacked power as a transnétter therefore was limited in

its signal output, and hence its range of transmisslaghes decided it would make a good research project.

He constructed a number of receivers for his own use as pieces of laboratory equipment. Next, he turned his
attention to the transmittetdughes had actually used and demonstrated an earlier version of a telephone in
1865, when he borr ¢thewBadmamsciéniist' ~~hr ~n~ s v~

Prof. Philipp Reis The Reis telephone had actually been t ¢~ i
starting point for many of theady telephone experimenters suc
as Bell and EdisonHughes made some experiments trying
i mprove on Reisbs appr o&eextl
started his enquiry by pondering if there was a material £ ‘ ,
substance that could convert sound cliyeinto electricity. This -, o o
line of reasoning was based on the fact that it had been disco
that selenium altered its electrical characteristics when expost

succe

light. During his experimentsehhad discovered the loesentact ﬁ l “
effect as a means of deting sound. His basic apparatus relied - {yy ey
being able to modulate a current by the loose or poor coftac <1 & L

was a device whose resistance changed in accordance wit
sound waves, just what he had been looking for. He went on to uy
many different arragements and materials in a quest to improve the quality of the sounds he could hear.
Some of these were glass tubes filled with metal filings, with charcoal pieces or charcoal powder as well as
charcoal that lhbeen impregnated with mercuiye tried manytypes of material contacts and found that
metals that oxidized became unusabl e. Madthechosal s t
the more economical of the twés he refined his devices he found the most successful were based on a
carbon pencil loosely supported between two carbon supports mounted on a piece of wood or sounding
board.These he connected in series with a battery and the Belleeceiv He named ia a ~n
magnifier of sound (in keeping with the microscopet thhagnified light
He declined to patent the microphodeclaring that he was giving the technology away free to be used by
anyone. His experiments were published by the technical societies and in many of the technical journals. The
floodgatessoon opaed and withina few months others were repeating his experiments and working on
their own versions. Variations of the carbon pencil microphone were extensively used in conjunction with an
electromagnetic receiver in Europe for many years by several ooespA later variation, based on
Hughesds demonstration of the wuse of particles
microphone of Henry Hunnings. In America this technology was further developed by A. White into what
became known a&e solidback transmitterand in the UK as the Post Office insert number 13 microphone.
The carbon granule transmitter was not superseded by any other technologies for use in telephones until the
1980s (and in some parts of the world they are still i Yse Hughesds theory as t
worked was that it was a surface effect due to the number of points in contdwatied in sympathy with
the sound waves

Various Hughes microphones

His later life

Hugheswas electeh A Fel | owd of t he pr 8@ and gontinuedis rédearctadnd So c
experimentationSee referencd1] & [3] for the detailslt was during this period in the 1880s that it seems
Hughes finally managed to find tinme 1882to marry hidongtimefriend from ParisAnna Chadbourneshe

was an accomplished artist, a resident of Pamsl also an American citizein 1886 he was elected
President of the Society of Telegraph Engineers (later to become the ibrstifuElectrical Engineerand



now the Institution of Engineering and Teclowy, or IET). He continued to be recognized for his scientific
contributions and in 1885 was awarded the Royal Medal from the Royal Séteetyas also active with the

Royal Institution becoming their Vice President in 189he Royal Institution had klasuch prestigious past

president as Sir Humphry Davy and his protégé Michael Faraday.

Hughes realized as time went on that his breakthrough invention period was probably over. He still
continued to receive money from the success of his telegraph syatehise had judiciously invested it
which provided him with a sound financial baskle and his wife, while enjoying a comfortable lifestyle,
were not extravagant, arnbdey elected to live in an apartment on Great Portland Street and later round the
cornerin Langham Street. They enjoyed an extended tour of Europe each summer.

He started touse his energies in othedirections,such as helping younger prospective engineers and
scientists on their wayde was keen on seeing them get ahead with an educesioecially if they showed
initiative in helping themselveslo be in a better position to promote and influence them, he became
associated with the London Polytechnic School of Engineering and became their Preisidenk the job
seriously and often ayed up late at night writing letters of encouragement and advice to students, giving
them hints and opinions on their inventions or experiméfgscontinued to be recognized for his work and
was awarded the Albert Medal in 1898 medal that Faraday, W&m Thomson (Lord Kelvin), Louis
Pasteur and Sir Joseph Lister had previously recededhe century came to a close his health started to
deteriorate and he barely saw the New Yeama@he died on Janua@?™ 1900 and was laid to rest in
Highgate cemetery.

Always generous in life he was also generous after his dé&fdr. providing for his wife and relatives he

l eft a substanti al amount of his wealth tuwheshe L
Hospital Fundo. To the professional organi zati on:
annually in recognition of original scientific research. The Hughes medal continues to be awarded annually
at the Royal Society and has bgaesentedto such notables as Stephen Hawking in 1976 and Alexander
Graham Bell in 1913, as well as: Max Born, Robert Watson Watt (Radar), H. Geiger, Neils Bohr, Edward
Appleton, Ambrose Fleming and Augu®aghi.

Epilogue

To me it is very remarkable thaidre arereally many similarities between the life of professor David E.
Hughes and that of Lars M. Ericsson (see my article on ERICS®ONIn this chapter in my webgite
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PART 2: ABOUT HIS PRINTING TELEGRAPH

1.How does it work

Most old books on telegraphy have a chapter on the functioning of the Hughes telegraph. However, the
explanation is not always clear. This is not surprising, if you know that in the byobtontoriol (see the
Bibliography at the end of this article), he needed g8@es to explain it In comparison with the first
version the typewriter keyboard is now replaced by the piano style keyboard and the rotating drum with
scanning helix is replaced by the rotating distributor)

I will try here to explain, briefly, only thprinciple.

keyboard

distributor G
S printing wheel

s T g

line

a1 'G) ‘I
~N
X
X
=\
F

2

\ o

spring

printing electro-
magnet

TRANSMITTER RECEIVER

——— battery

” earth earth 77777,

In the transmitterl characters are connected t@@respondingontact pointat the circumference ahe
distributor disk A feelerarmis turningaround. When a kefe.g. character B} pressed on the keyboard, a
voltage is applied to the corresponding contact point of that character. This voltpigkeid up for a

moment by thedeler arm which transfers it as a current pulse to the rec@&iverea print wheel rotates,
synchronousl and in phase with the transmitter. All characters are embossed on the outside (circumference)
of that print wheelWhen the current is detected in the electromadreetdceived current pulse will energize

the electromagneixactly at the moment thtte print wheelhasthe letter Babove the papdape The force

of the electromagnet causes a hammer, normally retained by a spring, to push the paper tape to the letter B
On top of tke print wheel (not shown in the figure) another wheel rotates with &dalf moistened with ink

on the edgeAs a result,the characteis printed. Thepaper tapewas then removed and pasted into
appropriate pieces on a telegram form which was then handed over to the recipient as a telegram by the
‘telegrams' boy.

For more tehnical details | gladly refer to Ivor Hughiesook, AppendixI, part2 [see ]



11

2. Different models

2.1. lvor Hughes distinguishegour different model®n his website 2]

Quote
Telegraph #1

The earliest models of Hughes printing telegrape @described in
his British patent #208%1855) and American patent #1491
(1856) The patent model instrument is in the Smithson
Museum, WashingtarDC. (Photographs taken by the authde
instruments were powered by a weight driven clockwot
mechanismAs described in Part they had aralpha keyboarda
scanning helix mechanisma vibrating spring strip(that provided
the timing, the reduction gearing and clutchesprint wheel and
thevery sensitivaHughespolarizedelectromagnet relay.

In the photo here, a few elements are missing.

Telegraph #2

The function and method of data transmission stayed basically the same. What changed were the
implementation and the hardwaifiéhis model wadJK patent #93§1858) and USA patents 22531 & 22770
(1859).A number of improvements were madéde helical scanning component was replaced by a rotating
commutatoy the horizontal vibrating timing spring was redesigned into a vertical vibrating anod the
instrument was made more robust. The keys were switched to a piano format.

This model was also used in tests with Cyrus Field on the Atlantic Telegraph Cable while it was in storage.
To increase the instrument sensitivity, Hughes added a sergaliv@nometer type relay and pulse polarity
changer to his receiver. He also slowed the speed of transmission down and lengthened the transmitting pulse
to make it compatible with the retardation experienced with undersea cables.

These additional featuregere covered in UK patent #1002358).

Telegraph #3

This model was patented in the UK in 18@atent #241and was
used extensively in Europe.

Again, the functionality of the instrument was the same but
implementation was evolving with additionakquirements and
robustness due to its heavy use. The vertical timing rod was reps
by a horizontal pendulous spring ahdb weight, fixed at one endig *
and caused to describe a circular motion at the other end.

Telegraph #4

This final model used a vertitspeed regulatavith centrifugal drag brakes to maintain constant speed. The
weight drive had now been replaced by an electric motor. This model stayed in operation until the 1930s
with some believed to be still in use during WWII.

Unquoté&??

The fird one shows the original patent model; alas some parts are missing.
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2.2.In my collectionl have/had 3 models all with the vertical speed regulbtdrwith different methods of
driving the mecanism by (1) weiglts, (2) by weighs or an electric motor(3) by an electrianotor.

My O6model 16

1. The photo shows the model that was powered by weights. The total weight of the lead discs was 50 to
60 kg! When they reached a critical depth they mechanically rang atdellert the telegraph
operator, whocouldthen'pump’ the weights upwards via a foot pedal (visible on the photo).
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My O model 2"

Later an electric motor was added to the model with weights (see the red arrow on the picture below). One
could thusstill switch to the weights in the eventabreakdown of the electric supgthen still in its initial
phase)
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My 6émodel 3°'

And finally there was the model equippedly with an electric motor and thatas, therefag, mechanically
much simpler.
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23Then | etds | ook at some parts

Collectors are fond of images of the instruments; well, here you are ;0)
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