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lNTRODOCl10S 
A triode amp~fou lube "'i1h alkaline-earth oxide cmitlet, patented before de 

Forut's Audion detector tube? An amplifier tube in production before Wc51.er11 
Electric made any of Arnold's improved !Ugh-vacuum 1riodcs? Thls is the story 
ot the voo Ucbcn or LRS tube, which performed bolh or l.hcse remarkable feats. 
Tbc man ~bk; the evolutioaaiy srcps, the surroundina circumsr•-s, all 
joi11 ill the Slory ol 1 ~lopmeol cl=rvin& lO be kDowo far better in North 
America. 

The electron-tube industry spr:ing from three clesigxi direc1i0111 that formed the: 
basil ol early production. They were: 1912-10, the "°" LicbcJI mercwy-vapor 
triode; 19U+, the de F0tesl/WCSl.UU Electric/ (;cJlcral Elearic .-acuum uioda; 
191$-23, the Frnd1 military "Thi" big!H'acaum triode. 

Robert "°" Llcbu obtained German patent DRP Nr. 1791111 for I triode am· 
plifier device. Hi1 application wu filed on March 4, 1906, and the patcnl was 
pubu.hcd Ncwcmbcr 18, 1906. By coruras1, Lee de Forest's Audio• did nOI op­
erate: in bis laboratory until Dc«mber 30, 1906. His famous paltJ>l 1pplica1iou, 
filed January 29, 1907, WU iuucd IS u. s. Patent 879,532 00 February 18, 1908. 

Urilike de Forc5t, von lichen cootinued major de>'elopmcnt work which re­
sullcd in commerclaliz:uion in 1912 of a s1ruc1ure far different from 1ha1of1906. 
Von Ucbeo's tube performed os an amplifier from the very Slnrt. The interests, 
and hence: the goals, of the IWO inventors were markedly different. Von Ueben 
had ao OOOllCI with ... irclw, only .. ;lb wire telegraphy and telephooy. Only am· 
plific:atioa "''31 required. In co111ra51, de Fores1 was thorouaJily immcrscd ill 
wirclesg ill all iu phases. CoMCqucnlly it is Ulounding thal he and oilier$ ne­
glected his "detector" audion for silt years before aucmptlng 10 develop its Olhcr 
charactcriaica u an amplif.er and Oicillator. 

Tbcrc: were funJamcatal dilfcrcnc:cs bel'weca the ._ Ue.bca and de ForeSI 
lubes. A<hua1C5 ol either l)1>C migbt well cry 0111: \'M la tblJ/rmtt! 

F"igurc l illll>lrates the initial eommerci:il form ot the LRS tube in 1912. It wu 
about 17 inches (43 cm) high, Tbc bulb, pinched in al its center, confined the 
planar WO\'CD·wirc mesh grid. In operation the tube was 1pcctacular. The boc· 
com half glowed red from lhc large-area Olide-coated platinum fil1mcn1; lbe lop 
half was lillc:d wilh a iky-blue glow of ionized mcrcwy .apor. 

THE MAN 

Robert von Licbcn was born oo September S, 1878. He was nol the usual 
penurious in\'CDIOr Ji\ing in a prrct. His father. Leopold, WU I wealthy banker 
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rig. 1. LRS Relay, ca. 1913 
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a.ad loag.iime pn:aidcAI oi the VICIUIA Stoct Evh•av, a1 cha& time> a1 the peak 
oi the power and iAJlucoce oi the Austre>-HunpriaJI Empire. ~with MarcoGi, 
Robert's patCGts pr°'idcd ample financial •upport, wbich later cubled him to 
malnlala his owo private laboratory, SWtiog in his home. 

He i.ohcritcd bio bcot for lhUlp wntif..: from his uncle Adolph, a dUWl­
l''Khcd chcmi!il al the UlliYcrsity o{ Vicnn.a. ~ wide., Richard, coa­
lribut.cd to lhe fjnarw;W &DC! pKjncss acumeo ol the w.ily. 

Robert was DOI ()DIM•Nfiag al $Cbool, for his iodcpcndcDI 'pirit rebelled al lhe 
ca!orccd discipline oi the 5Choolroom. Ne>mhc:lc:s.s, be progrc&led throu&JI the 
Academic Gymna.\lum, and through the Reale Schule on lhe Hesscga.ssc. Fol­
lowina the "middle .ICbool" be volunteered to scivc in I.be elite Ublan cavalry. 
Unfortunately, alter hula few weeks be was thrown from his horse and impaled 
on a picket fence. Th.ii left him with a pierced luna, which did ooc heal properly. 
11 gave him corutan1 pain tbroug)loul his life. which ended when be was but JS 
years old. 

One might gay thal von Lieben was self-educated. He obtained practical $hop 
experience through 1 year of manual work with Siemens i11 Nurnburg. lie abo 
audited COUt$C$ iA cxpcrimcnul physks al the Unhl:flity of Vic:ruia. 

In the spring or 11199 be WCJll to GoetlingcD for a year ol litl>dy wider the bril­
!Wt Prole55or Walter Ncnut. At that time Ncrasl wu ooly JS J'Clf$ old, J'CI 
bad altcady adlic\cd wicle Came. The two meu became rue friends. aac1 their 
chcmi$1rics matched • as one migJu say today, they were able to "relate" to each 
other. NCJ'DSI had a litrong circa upon voo Licbco, and influenced his life and 
ledlnical activiliea in lalct years. 

Al Gocuingca, \'Oii Uebco devised an clcc:uocbcmlcal pboaoeraph which was 
clcmoowalcd W>dcr the fricDC!ly eyes o( his mentor. In 1903 be pubfubcd a pa· 
per cooceming polarlulloo oi X·ra)". Thi$ was bw ciaht ycan alter Rocotgco"s 
cli.~•·cry of these rays. lo those days X-rays were acnerated iA gaseous-dis­
chargc lubes. Thus, In bis researches von Lichen obtained experience with the 
phenomena of disch11rgcs In gases and wi1b cathode rays, all ol which served him 
later on. These were 1hc building blocks which be was de5tincd to Iii together 
into his succeu(ul telcpbooe reby and radio amplifier. 

Opening bis own bbotaloty iA bis 13Lbu's home fllflli.hcd IJI ()Dllet foe \OD 

l.icbco's eneraiea- They were nu needed in a daily race for survival. bw bad to 
be con5umcd in aome U5CCui manner, such as Ille sciena: ,.,bk:h be lo\"Cd ao 
much. ·Germany made science a business, whereas other countries gave wna: 
lhc mlus oi a bobby for rich men• (1). Voa Lieben <0mbiocd the be$I ofbotb 
definitions, 

Ill appcarancc loe bad rlDCly molded, almOll gidWI features, •"itb dark Oricatal 
eyu. Ooc would i..ve tbougbl him 10 be • dreamer. He was inordina1cly sby, • 
trail cm pha$a.ed "'lien "''th $traDgCfL But in bis "'-ork, and Wllh friends or in lbc 
laboralory, von Licbcn became completely sclf-conlidcnl and intense, concen­
tra1ing upon Lhc subjca al hand. He would immerse him'IClf and work endlwly 
until lbe wee ho1111 of the morning. He wished to i.cc new ideas carried out 
promptly. He would adjourn with bis associates for detailed JIO'lmortcmJ ol the 
""ork. Tbw: JCSiions were generally held in the nearby Hotel Bristol, which be 
ra .. orcd for its fine food At other times be would convene gymposia with other 
prominent 6cicn1i.sts, always over a table laden with good food. 
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Several illustrations indicate the breadth or von Lichen's technical interests 
and mechanical skills. While still a schoolboy be built an electrical generator 
and lighting system for his father's summer villa south of Vienna, al a time when 
such a system was a real rarity. He made improvements upon agricultural ma· 
chines. Later he developed apparatus for photographing the human eye. He 
tackled the problem of an electromechanical coupling for the power train or a 
g-.isoline engine (which had first been put into automobiles only between 1897 
and 1900). Later, during a visit to Paris he saw a Wright Brothers airplane. Fas· 
cinated, be purchased one or the machines, conceived improvements, modified 
the plane, and then presented it to the Austrian military (rather an inconceivable 
happening in 1990!). 

Von Lieben appeared to be excited by the latest technical developments. As 
with so many other scientists, once they are bitten by an idea, the concept rules 
their lives until success is achieved (2). "Lieben followed all progress in physics 
and chemistry with C'lgcrncss and perseverance, almost as an noble sport!" (3). 
Then the idea of amplifying telephone signals captured his im'lginatioo. It did 
not leave him until his death. 

Apparently he divided his time between Goettingen and his Vienna laboratory. 
By that time his mind was concentrating upon the telephone-amplifier problem 
and its solution. 

TUBE DEVELOPMENT 
About 1.904, with financial backing from his father, von Lieben purchased a 

small manufacturer of telephone equipment, located in Olinutz, Moravia, now 
part of Czechoslovakia. A good deal or his time must have been expended in 
commuting the several hundred miles among the factory, the University and 
home. Railroads were the best available means of transportation in those days. 
He altered the name of the fITTll 10 Telephon und Telegrapbenwerke Robert von 
Lieben • Olmutz-Wieo. The business prospered and grew to employ several 
hundred men. It was during this period that former school teacher Dr. Eugen 
Reisz and engineer Sigmund Strauss joined the staff. Strauss came from 
Berliner Aktiengesellscbaft (AG). 

Von Lieben did not care for strictly regulated business life. He was happiest in 
his laboratory, wbere be could follow bis own ideas freely. Consequently, he 
eventually sold the plant about 1909 to Berliner AG but retained rights to the 
partially developed relay. Strauss remained with him. 

Before then, however, all the building blocks from various technologies were at 
band. The telephone-equipment company brought the need for an arnplifier 
forcibly to his mind. It was quiie apparent that electromeebanieal devices could 
not follow weak telephone signals with the required accuracy, sensitivity and 
speed. In 1905 all the elements of the enigma suddenly fell into place. An 
amplifier, employing the control of cathode rays, was visioned, attempted, and 
found to work! 

From the start of tube development, platinum ribbon coated with alkaline­
carth oxides was employed as the clectroo emitter. This is truly startling, since 
Proressor Webnelt had published his work on the emitting properties of such 
oxides only as late as l'l03-4 (4). Von Lieben made use of these emitters almost 
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Fig. 2. Firs! coacept of von Licbco amplifier tube: o bigh-vncuw:n device 
wilh the beam defocused magnetically by lhc input signal. (Adapted 
from DRP Nr. 179, 507.) 
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at once (1905-6). Their advant:isc lay in the greatly reduced healer power re­
quired, as \licll as cathode !1)1> being gencrntcd with but 200 ..,Ju on the anode. 
II is inlert5ting to speculate bow $uclt rapid uaasfer o( thi5 brand-new tech­
nology could have occurred. One clue lies in the fact Iha! bolb Wchndl and 
Ncnul ......,.. specialists in cl«lrochemistry ud in cathode rays. Their relation 
mWil have been cl05e for the new development to be uansferrcd 10 a (avcred 
>1uden1 so promptly. 

Once lhe ori.ginal in''Cntion had been shown lo work, it was obvious thal much 
dovclopmcnl effort would be required 10 convert ii into a commercial reality. 
Co=qucntly, von Liebcn established an independent Vienna laboratory. Partly 
this was 10 give rC<XJgnition to b.is 1wo loyal ro-workers. Partly his inherent shy­
- cau.~d him to -..ithhold bis DAmC Crom that of the laboratory. Further, lhc 
iUne.M:$ and rebtcd pain Crom the cav.iliy accidcot forced him to remaio abed, 
ab6cnl Crom •wk for longer aod longer periods of time. Much of I.he work lhus 
fell upon thc $boulders o( Rcis.t and Suauss. Until that time the commercial 
&u«css of lhe project wu lclt to ha": low probability. Nevertheless, von Lichen 
pro\'idcd ample financing for operation of "Laboratorium Re~ und Strauss; in 
&bort, LRS. Al first located at Hofaeile 21, ii later moved 10 Vcgag3SS<> 21. 

Reis> has wriucn about von Liebcn with admiration and respect. "I worked 
cl08Cly wilh von Lieben during the onlire devclopmenl period, II was unusual 
lhe manner in which be cooperated when difficulties lllOSC. In the late evening 
hours be might modify the compliea.1ed high-vacuum apparatus, and would not 

rc.t until our rtfiearcb could be rc:aumed, following the new methods and without 
furth<r problems.. At daybteak he 1hcn aecompaoicd me borne, all the while dis­
cu..ing every detail of the lest ro.uh .. 0 (S] These discussiollS were an important 
parl or hli ""'n scientific "''Ork. 

This w.u only the beginning o( 5ii< years of arduous labor. In contrast, de For· 
esl allowed his Audion lo remain unchanged for lhc five yean before Arnold as· 
•umed I he conversion of that tube into a high-vacuum practicnlity with long life 
and widespread new applil!alion&. 

Figure 2 is a sketch from 1hc original concept, which resulted in issuance of 
ORP Nr. 179,807, "A Ca1hodc-Ray Rclny." This was an electromagnetically 
con1tollcd high-vacuum ver6iun. Applied for on March 4, 1906, the patent was 
issued Novcmber 19th. One mu.I reeall tb3t de ForCS1'5 ruthcr PM)' uiodc did 
noc operate in his laboratory unlil the very cod ol 1906. H4 palcnl was lilcd for 
in January, 1907, but wa. nol isiued until early 1908. Thus, ill Europe voo 
Ucbc:n is crcdi1ed with the in'l!olion oC the triode 1ubc, b.i\'ing bca1cn de Forest 
to a p;ilcnl office by alma.I a ycu, and with an issue dale 15 months earlier. 

In Europe, von Licbcn hod close competition. Max Dieckmann and GU&tav 
Glnge filed for a ea.thode-roy relay tube on November 10, 19061 While roughly 
similar to von Lieben's, it Wtlll £ufficicn1ly different to be putcnt~blc. The work 
of von Lichen is mentioned in their appliea.tion. (AS an uidc, Oicc.kmann came 
very cl05C 10 obtaming a fundamental pa.lent some yuT6 wtcr for a ·~ioo 
imaging tube. He lost out 10 Philo T Farnsworth by a cl05C margin. Unfortu­
n.a1dy a«ond place doc. oot pay olTl) 

The combined ta!ClllS of thc inventor and bis palcot lltorney rcsuhcd in 1.11 ex· 
ceptionally broad basic claim, "hich rClllh: "A cathode-ray relay for signals up to 
1he h11,11<Sl frtlplOlcks (emphasis added( characterized by tbe well k11owo fact 
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that clcdron bunu cmiued from c:oocaYC, oxide-a>alcd ca1hodca are influenced 
by $lgn3ls of incr~ng rrcqucacy so that the output frequencies are lbc same 
but with ycalcr amplitude. • • • Tbe use of this relay could be highly adVIJ>la­
&COUi for muy ptublems in tclcpbooy such as the tn1W11ivioe ol ipecdi ooer 
O. cful•nca by cable -i by win:le:s5. This re.by could be u~Jul in amplil'ica­
tioe ol spec<la ...S mmic -i for muy problema ..OO•tcd •llh Ille u..m;.. 
iioa ol plkitOIJaplu... 

U5e of lhe tube as an amplifier was DOI only envisioned but demoautrated sev­
eral )'UIS before de ForC61 wu able to do so. Tbc German couns considered ii 
to be a "piooc.:rin& U.vca!M>a: 1Dcrc wccc many palCDI cuca, bul the Leiprig 
cuwt beld ia fa>ur ol >UD Licbu, and ao appeal wu cvct taku from !hit dcO· 
.WC.. 

h is in1cr<:Min1110 consider why lhc concept of nn incrtialcu electronic ampli· 
ficr required ~uch o long time before it was pursued by other inves1lgo1ors. 
George A. Cempbcll in the ~on labonforlcs of AT&T, recognized tbe need 
as early as 1907. The ensuing dcprcssioo of lhai year prevented ac:iiYe work oa 
the concept Thi> wne dcprcsoioo arri\'cd in Enghod in time to Slop Brit.WI 
tube dcvclopmenl at lhe POSI Office Research Station in 1908. Fortuulely, lbc 
financial rcwurccs at 1be dispc>W of voa Licbeo did noc curtail his efforts. 

In 1910, Dr. Frant 8. Jc:wett, then at engineering lc\'Cl with WeSlem Ek<trk's 
bboralorics in New Y orl City, gave n:c:cp4ion 10 tllc problem in Ii.is well 
Ulc"'1I letter lo Prola..or Robut A. Mihil•a, at tbc Ual\Ullly ol Chicaao, 
,.hida resulted in 1hc recruiting of Harold D. ArDOIJ ud later oC Hudrik J. vu 
dcr Bijl. Dr. Jewctl'• lcner 1>111ed in part (6]: "Such a de\'\ce, in order 10 follow 
all or lhc minute modulations or the human \'Oice, mllSt obvioUA!y be practically 
incrti.aleM, and I don't see llw we are likely lo &Cl such u incrtialcss moving 
part c:xccpt by the wilization loODlcbow of clectroa Wea.ms ,.bJdl )OU have been 
working with in Ph)Wcs ror lhc p;ut teo years.· 

It seems that von Llebcn inillully was interested as much in the pure-science 
aspects or his relay as in its oomrncrcializa1io11. He wanted very much to publish 
scicntifu: papcrl lo the Ph)'ilbliscbc Zeit.schrilt. h remained for Rew and 
Strauss to urge him in the dircdfoo of a product ,.bicb miaht &ivc a financial 
tt1ur1L 

:.trauss d=ribcd the fust dcmonstratioo of lhc rcla} IJI hia paper as Colio...'S 
(3]: "In 1907 Lichen demonstrated lhe relay to bis friends. This was in his pri­
\'a!e laboratory 111 chc Opclserg:wc #6 in V-icnn ... Through hia relay a telcphooc 
COlMnatioa could be amplified v.-ith pet{CCI elarily. Dr. Ricli.arJ Lcistt assiSlcd 
W.U. lllelC expcrunCDtJ,. His rootribOOons 1''Cre prim.arily aJDCCmed •ith ol>­
lainlng a more uniform ud longu-lhcd oxide COiiing. Abo, cn,P>eer Eugco 
Rci>Z v.as an u,iJ.tanl. Reiu had abilities far above lhc avcragc. He was rich in 
ideas, aDd was mO&I clc\'Cr with experiments." (Miaht DOI Dr. Leiser be termed 
lbc flJ'll tube ci1Qioe<:r to baule low emissioa, hc4cc dactving oC the under· 
Sl~dmg ,ympa1hica or rollowfog gCDCtations olfactory prOCQ.l t:Qlinecrl?) 

Evolution or lbc practical tube design required SC\'Ct&I wcll-dclincd steps. JllSI 
10 mention them by litle will be sufficient 10 conjure visioll3 or endless cxpcri· 
mcn1s, f~ilurc1, srgumentnli\'c discussions, and plodding udvnncci. in the minds 
or cube engine<:rs from later yeMs. 

1. Change U1 lhc cm1ncr design pcnnilted reduction in currcat required from 
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20 to two amperes. 
2. Improved pumping and maintenance of the vaeuum which was so essential 

was achieved only after hard work over a long period of time. 
3. An arc dev~loped fr1'qu1>nt!y g™ t!!i; lll!Olil', w!!i@ wol!ld completely blOl'k 

tube operation. One attempt lo eliminate the arc was to place a woven-wire 
mesh between cathode and anode. "It was similar lo the :screen used in Da")"s 
safety lamp." (This should be considered a most significant statement, leading to 
the concept of the grid strucrure.) The mesh, plus a series current-limiting re­
sistor in the anode circuit, completely eliminated the arcing. 

4. It was observed that the input signal could be connected to the mesh. Ex· 
lernal magnetic coils were no longer necessary. Electr06tatic control replaced 
electromagnetic! The dimensions of the mesh "grid' were found to control tube 
characteristics. By necking at the mid-point or the bulb, and extending the mesh 
completely across the narrows, it became possible to achie,·e even greater signal 
amplification. (In later patent applications statements were made which evi­
denced knowledge or de Forest's work with a triode grid.) 

5. When attempts were made lo seal the tube from the pumping stand, fail· 
ures occurred at unpredictable times. Observation showed there were changes 
in the color of the ioniud gas. Hundreds of tubes were made and discarded. 
The trouble ultimately was traced to low mercury pressure. Originally the tubes 
bad been attached for long periods of time 10 Gaede mercury pumps. Back· 
streaming of the mercury vapor had fortuitously allowed wpors to enter the 
tube. After tip-<>ff the gas "cleaned up" to a bard vacuum. This altered proper· 
ties of the discharge in the tube. A droplet of mercury was purp<l5Cly introduced 
into the bulb. Eureka - good tube life and uniform operation resulted· succes.r! 

Several additional patent filings were necessary due to the major alterations in 
design. Also, other investigators bad been active in the field. The literature 
shows such names as Dieckmann, Glage, Otto von Bayer, W. J. Milham, C. 
Giesel, and Jonathan Zenneck. Thus, the von Lieben trio filed for a patent oo 
September 4, 1910. This was published on July 11, 19ll, as DRP Nr. 236,716. 
The more important patent was applied for on December 20, 1910. It was issued 
on July 12, 1912, as DRP Nr. 249,142, "Relay for Varying Currents." 

During five years of development, the tube was so altered in structure as to be 
almost unrecognizable. Figure 3 shows the sketche$ from the later patent; it 
should be compared with the sketch shown in Figure 2 for the 1906 design. The 
photograph of Figure l corresponds with the tube design placed in production in 
1912 As usually happens during manufacture of any product, there were further 
modifications. One of the forni.5 taken by the tube during the WW I era or 
shortly thereafter is pictured in Figure 4. A design closer to conventional Euro­
pean triodes was employed. somewhat similar to the French TM receiving tube 
but significantly larger. It is unknown how this design compared in performance, 
or for what application it was intended. 

By the end of 1910 the lube could be shown to operate as planned, with an ac­
ceptably long life and uniform characteristic.~ It could be cloned with assurance 
of success. During the early months of 19U a great deal or thought must have 
been expended as to how to attract support from large organizations such as 
Siemens and Allgemeine Elektrizitiits Gesellschaft (AEG). Professor Nerost 
can be presumed to have been the pivotal contact for his former student and 
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Fig. 3. Evolution to 1910: a gaseous device with the beam controlled 
clcctr<J'>tatically. (Adapted from DRP Nr. 249,142.) 
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F'og. 4. The final commercial 
form, with concentric elements. 
(Reproduced from Archiv Ge­
schichte Mothcmotiscbe Nntur· 
wissenseh1lften Techoische 1930-
31, 13.) 



clol5c p<>rsooal frieod. The climu o( all the planoiag ca.o bes! be de6cribcd io the 
words or Strauss 131: 
"Aug~ 3. 1911. was the memorable day o( !he demo0Slr8tioo of lhc YOU 

Ucbco tube at the Physical Chcmi.luy loslitUle of Cha.ocellor Nenu1, located on 
the Dorothicnsuiisse io Berlin. 111 lhe audiaicc were represc:otalivcs of the great 
companies: AEG, Siemens, Telefunken, and FcllCD und Guillcaume." 

"For this demons1ralioo we had buil1 rwo travelling casc.'t. The first contaioed 
two Uebeo tubes of that period, which could be viewed from both sides, in con­
junction with an iron-hydrogen ballast resistance tube. II wu arranged so the 
tubes could be placed into Lhe circuit by means of a multi-pole switch. Thus it 
was PQfiSiblc lo conduct the currcoc from a microphone cilber directly lo a head­
phone, or by switching, lhtougb bulb amplifier tubes in series with 1 loudspeaker 
having a wooden pbooograph born. -

"In the gecond uavclling case we installed the power supplies for lhc mi­
crophone and a resistance box. lo ibis way we could pas.< Lbtougb the ma.oy 
lleps of 1he rtsistaocc box and gnduaUy reduce the microphone currenc from 
normal volume so as to become almOst inaudible. But with use of the mulci-pole 
switch these inaudible voice signals were amplified through the two tubes. Then 
suddenly sp<>ech was beard with complele clarity, so loud thnc it wns understood 
in 1he las1 row or the large auditorium of the Physical Chemistry lnscitule. The 
dcmon5tracion made a tcrrilic imprc.won. All !hose presenc were amazed - one 
mighl even say they were beside themselves!" 

"At that Lime it was thought lhllt che Lichco lube would be of use only as a 
voice amplifier. Howe>er, at once 1he large companies "'""led a method which 
would p<>rmit simultaneous two-way telephonic communications. Obviously it 
was felt that many years would be nccdcd Lo find such a solution.. Fonuoatcly by 
the Pall of 1911 we had arrived al a tenLativc solution "'!Uch proved 10 be quite 
snlisfactory." 

The •ctive participation of Robert von Lieben was becoming more and more 
curtailed due co his failing health. II is best co continue here wilh 1he narrative 
or tho remnining 18 months of his lire. 

In 1927 Eugen Reisz WTO(C thal during ~'On Licbcn's later ycal'$ be was in­
trigued by the structure of the acom ·11 is my memory dt.1i11cdy, that bis 
lhoughcs and ideas at that lime were in exact agrcemCDt with the scientific ex­
p<>rimcnu chat have been made up to chis time" [5). 

Strauss wrO(e (3): ·1n the •Ummer or 1911 VOD Licben married the beautiful 
actress Anny Schindler, the granddaughter or the famous poet Julius VOD dcr 
Taun. She had been appearing in the v.-cU lcnown Burglhcatcr in Vienna. Thus, 
he then stood ai the peak of his life, having found a bcauciful wife, and having 
achieved success in !Us work. Then shadOW$ bcgao 10 fall acr06a his poch. A tu­
mor formed in his chcst, probably rcsuhing from !he riding accidcnc sustained 
many years earlier. X-rays were used, and for a while gave him some relief from 
the incrca.<ing pain. Despite the best of care, Robert von Liebcn died on Febru­
ary 20, 1913. He had lived long enough LO sec the acceptance of his work, but 
DOI the triumphs which v.ere 10 follow." 

Following bis death eulogies ,.'ere given by the outstanding playwright Hugo 
''OD Hofmllll!ISlhal, and by such ouUlanding scientist• as Nemst and Eio."c:io.. 
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TIJBE PRODUCTION AND APPLICATIOSS 

IXmODSltation ol lbc LRS tube in Augusl 1911 ""IS lllc lirll lime lhll a lube 
had -r b«o 1bowa u an lllllplir.cr, capable of fi11i.na ao allditorium wid1 
IOWMI. The audieoec hlid been selec!cd to iaclude technical men u wcU M 

mc:mbcri ol mu.acment wbo could lll4ke major ~ Wilhelm I/Oii 

Sic:mcm ... "» prcaco1, anJ ....s lbcJlccfonll a ~ advocace ~ foraMioe 
ol lhl: c.-tlwa ti..& full<Mcd. 

Sicmea.-' H.W.c AG,...,. promiocal in tclcgrapb aod tclcphoae syllcms in 
Germany aod other J>l.rli ol Europe. It bad tbc techo<>logy needed fe>< tube 
work lhrough iu d<>minance in the inc.ande£ccot-lamp ind...iry. Von Sicmcm 
immediately nw 1hc 1o<>lu1ioa for lhe needs of loog-dislance communication. 

AEG and Telcfunkco were leaden in Gcnoany in wircl~ communications 
and cquipmcOI manuf1dwc. At 1ha1 lime they "''Crc Cllpgcd in a duel with 
British Marcon~ aucmptiog lo break the near-monopoly held by M11tconl oo 
m111i1imc wirclc.-s. Tcldunun could ICC !hat early acquwtino of 1hc \'04 Ucbco 
p31cnt could provide a.n advantage through protection 1n the manufacture of 
tube$, as 'NCU as In making and selling apparatus for wirelcu tronsmi.v.ion and 
receiving. -.bclhcr aboard ships or acr°"' the oceans. They rccognii.cd !hilt fur· 
tbcr circuit dc\'Cl"l""CD1 "'OoJcl be D<"'ltlty, 

Feltco lllld Gulllcaumc apparently were dcsirow; ol 1116JDtD1mg !he bu.lnea.o 
ol tbcir cqwpmclll muuf&durinc di'laioa, prcc!K1i• a "'* ocw muket for 
cqu1pmcn1 conl&ining ckaroo tubes. 

To lhis lime lhcre had never been =•or heard lllllplifie&lioo based upon 50 
much dcvclopmcnl '""'k in dcplh by one >mall grnup, ci.recially by a mu with 
'ucb cxccJJenl Kicniiroc b~ and aalc:Dliah. Gtrm4ny rc11 forhlAAtC tbai 
this occurred ..,·11hin her boundaries. 

How did 1bia own pare .. ilb lube work io Olbcr coul rte. l1 tbAt hme? In 
EnsJand, some of Acming's dioJcs 'Herc being used u ,.;rck:oo dctedora. Bul 
they 'Herc not famrcd by marine operators. in compariM!n wi1h improved cryllal 
dc1«1ors, due 10 noi~c and instability induced by gu1 c<1n1c111. There had been 
some tube work 11 1hc laboratories or Marconi, as well u 1hc Brilish Po.1 Office. 
In 190tl Olptain II J Round was ,.ortios with poorly oul!l'I~ "1<>fl '"&hes." 
Tiie dcpre.sion ... r 1~7-ll CUtl:illeJ hls project. aoJ only """·lc\d crron --~ Clt· 

pcnckd until 1914 
A rcw ·son- !Ube\ h~d been made io Fr;uicc bul thtrc &CCN to iu,., b«n DO 

real direction, goal, O< ccn1r3liza1ion of clTort. II remained for 1hen-Coloocl 
Ferric lo gal\uile !'ranee into 1ubc aai,ily ,..;th !be sari <>f wv; 1 in 1914, 

ill lllc UDllcd Soto, de Fotts1 and hh companies had boupt a1>ot;1 100 Au-
6*, made by Mcl'andlcu, during tbc thn:c )'CMS l'J0'}.1911 (1909, ~ 1910. 
214; 1911. 45) 171 la thal period all ocher cnuomcr1 had purclwed biit 228. 
Obl.iolbly this v.~ hul a '°11;-le\cl dl'ort "'itb the iovcolOI'. PracticaDy llll Lbo6c 
lubes ""CIC used in dcicctnr sockeis. To that time no one had found their 1.mpli­
licr or oscilla1nr churadcrislic. De Forest had made no improvcmcn1 over his 
1906 dc>tgn; be wu deeply engaged in other wireless mauen. 

ll -.ould be another rear (19U-13) before H. 0 Arnnkl and his We<tcrn 
EICC!ric :woc:iatCI v.ould initiate their development work, -.hicli would coa•ut 
the Audion into a 'hard vacown• triode. thus opening up enlircly ocw vistas for 
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lUbcs and their applications. Tube wort in any other country, if any, was COD· 
Wic4 to acadcmU: reseatch. 

The Coasortium formed to exploit the von Liebeo patenu was of a rC$lrided 
nature among AEG-Telefunkeo, Siemens und Halske, and Felica und Gui!· 
leaume Carleswerke AG. It was si&ned February 19, 1912. Exclusive righl$ to 
the VOii Lichen group patents were assumed by the four companies (SJ. The 
agreement was limited to sharing costs and benefits among I.be participants on a 
45%-45%· 10% basis respectively. Ba.sic research would be performed al a labo­
rotory estoblisbed in the AEG Oberspreewcrke. Development and manufadure 
of tubes and equipment were to be performed by the member beil suited for 
I.but wock. 

Much work was needed lo adopt the radical new acti..: component 10 practical 
ud uscJul circuits. FortW13tcly Reisz, Alcmndcr Meissner, and otbcn soon de­
vised the needed cireuils, as shown by ability to use the amplu1Ct in two-way 
telephone repeaters. Development or radio equipment fol' military USC became 
YCry important, as evidenced by the large production volumes during the war by 
lhc TeKaDe equipment division. 

In wbot manner did lhe voo l..ieben group participate in the Consortium, and 
bow were present and future patent rights assigned to the Consortium or its 
members? What financial rewords were arranged or paid with the von Licben 
group? None or the references available make any mention of these problems or 
their resolution. Wriuen requests to the companies have drawn DO response. 
The passage of 80 ,cars of time, the intcrYCntion of two dC$lructiYC wars and a 
great depression, and corporate rcorg;inizations Im-., militated ~ CMZ 

finding answers. 
ll is known that Reisz mO\'Cd to Berlin and beaded lhc laboratory at the Ober· 

sprccwcrke. Strauss remained in the V1enna laboc.atory to be in dose touch with 
voo t..icbco, who was confined to bis bed for longer and longer periods. 

Felten und Guilleaume promplly changed the name or the Carleswerkc di­
viliion to reOect its planned new products beLtcr. Tbe name became Suddeutsclie 
Telcphon Apparate, Kabel, und Druhtwcrke AG (South German Telephljl'c 
Apparatus, Cable, and Wire Works Co.). The patented trademark was k d· 
later known as TeKaDe. Manufacture of cquipmeru for telephone central of. 
fices was a major product, along with wire and cable ror communications and 
power distribution. Siemens was the major custOlllcr. 

Volume production of the tube was assigned lo Siemens·Osnlm Plant A oo 
Siclingcrstrasse, Berlin, with Dr. Pirani in charge ol the project .. (In 1915, Pirani 
invented lhe vacuum gauge which bears his name and which was used universally 
for many years.) 

It was already known that a constant mercury-vapor pressure was essential for 
stable tube operation. Its eonirol W".IS attempted in two ways. Some tubes have a 
vertical mil.limetcr-typc scale etched into the bulb just above the plane o{ the 
grid mesh. This was 10 indicate the optimum height or the dark space which was 
prt5eot beneath the blue iooi.zed ps. The sccond was cncl06urc o( the tube in a 
cbimocy to prO\idc a cooling air current by stack action. Here, 100, a YCrtical 
scale could sometimes be found as an indicator of the optimum operating condi­
tion. 

Efforts to control the cube and imprOYC it were DOI lacking Bulb height was 
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reduced 10 •bout acvco inchca. Various mesh Pz.es &ad pctfora1cd mclal shcel$ 
were U5Cd Ill the grid plane 10 prOYide diJl'crclll amplifica1lon &ad CUlTCnl-<OD­

trolling condi1ioou. 
Data for 111 early production LRS lllbc arc of intcrea (SJ: 

Overall 1c,..i. & 7 iA. (Zl cm) 
Q.cnll diamclet 4.IS iA. (10.S cm) 
Amplification 3.S-4.0 
Life ccpcaancy 400 bo\11$. 

The lil'cli.me wa$ considered quite good foe wch 111 early SllliC o( dcvclopmenL 
Latu tube:$ had bJ&hcr pill 111d longer lil'c. 

Tlhlc I liiu thc chroaology ol many cYCDts "'hich truspircd io rtpid suc­
a:S5ioo after 1911. Swdy of this 1ablc tells 1 great deal aboul thc impottaocc 
nllacbcd 10 the LRS tube in Germany. Note that the public demonstration of 
the tube wus carc(ully scheduled after patent protection hod been assured to the 
von Lichen group. Further, the Consortium became a legal entity only W< 
mOOlhs after lbc dcmoJUlrillioo. This is a remarbbly short time when one coo· 
siclcrs the number ol goop& involved, 1bcir spatial scpantio1>, &ad the lime usu­
ally required by lcpl departments 10 draw up the nec:esury coatracn1al 1crms. 
This certainly indicates the importance attached to the projCCI. Note further that 
the leclulic&l "alT bad the OSW laboratory in operation oaly 1wo ... 'l:Ck.s aftu the 
COCllrKU were lipcd. 

ln 1912 an intcrmc ic>n31 coafcmice '-as held m Loodoa cooccrning rcgulatioo 
al ,.irelcu 1clcanphy. Its iniporUDCC .. -as underlined by the rc:ec111 llinki111 ol 
the Titanic Md loss of life, ,.hich would have bcc11 less hlld there been grca1cr 
use o( wirctc..s on $hips. There needed to be coordination among t.be commuai· 
calioos companies. Al tbal time Morcoui held almOSI 1 monopoly IJld there was 
1 put deal o( coollic:t bclWteo the c:ompanies of other countrie&. 

Telefunken was able to di.\play IJeW equipment developed lhrougli the r1pid 
circuit work of Meissner and others, which included the LRS tube. The tube was 
even used us o table dccorntion, proudly displaying the: red or the filament area, 
and the blue or the ioniz.cd mercury. This greatly strengthened the hand of the 
Germans. Thu., jusi a few months latu Marconi 111d Tclefunke11 siped 111 
9ecment concerning !Ube and cquipmeo1 development. C.pcain Rouad al 
Marconi wu to concentrale upoo development of ~iving valves. Telefunken 
would conccntrare on evoMna transmiuing valves. (Thi.\ 11,111cemcnt did not llLSl 
loo& due to the Outbreak of WW 1.) 

Tube prooe»J• was all doae on swionary or •lrOllcy" c:WU>l Jl()'itions R~ 
tary or scmiautomatit pum~ studs •we itil1 rears awiy. Tllbc$ with putcr 
p<l"'w·handhna capability were oecded, u ,.'CD u smaller ones for p0nlhlc mil­
itary apparatUI The gbs.• bulbs, stem-maling. aod bulb acaling required the 
ICl"\ic:es of skilled glw "orlel'5. Metal parts, even the anode, used wire. The 
grid was w;ually 1 ,.,,vc,,..,.;,c mesh, the productioD of ~ wu 1 specialty o( 
German industry 

AEG budt the first telephone repeaters 111ing LRS lubes and •ubmiued them 
to the Rcidupost for approval. This """ obtained al the end of 19L2. Each 
fresh application or the lllbe required circuit devclopmcnr nnd new equipment 
designs to 1ccommod:iie the new component. Innovative uses needed "selling' lo 
potential c:Uilomcrs • DOI difrlQIJI at that time, since the Con5ortiom members 
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WQ 
Sepe. 4 
Dec. 20 

fill 
Jiily II 
Aug. 3 

l2.l2 
Feb. 19 
Mat. I 
July9 
July 12 

Aug. 2 
Oa. 
Oa 15 

.w.1 
Eatty 

Fcb. 20 
Fcb.·Apt. 

1W 

Aua. 1·3 
.12U 

1216 

1212 
Mar. 21 

l2lB 
Summer 

TABU:I 
CHRONOLOGY OF THE VON UEBEN 1'JBE 

P.>tCAI applkarinn filed. 
Pa1C111 app!Qrioo filed. 

PalcDI DRP Nr. 236,716 publlsbcd in response 10 Sepe. 4 filing. 
LRS rube demoaSlralcd in Berlin at Ncnut'• llllitilutc. 

Coll$04'tium agreeme111 signed by the four companies. 
AEG-OSW Lleben-rube development labou1nry in operation. 
F & 0 Carleswerke rcorgani1.ed and renamed. 
Parent ORP Nr. 249,142 published in rcsponso to Dec. 20, 1910, 
filing. 
Name of F & G's new division regls.tered: TeKaOc. 
LRS tube aad rran.smi11er displayed 11 London conference. 
Telefunken rnes for a patent on base and aockct for LRS rube 
(ORP Nr. 264,554, Scpl. 26, 1913) . 

Or. Pitalli S1at1S commen:W productioo ot LRS lube at 
<Nam Wcite A. 
Robert 'OD Llcben died. 
Rcis.t &lid Sita.USS mcctiJlg "'ilb AT&T 10 ICll LRS 6ccmc. 

P & G purdwcs Wo!Cram-Lampcn AG, Aupburg. 
WWlbcgim. 

l'roduetioo of LRS rube by Consortium In Berlin. 

TcKaOc requited lo assume production. 

Pirc destroys tube and lamp plant. 

TelW>e resumes produaion ot LRS 1ubc bu! ro.- only 1 few 
)'Cal$. 
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and lhc military were the clhcf users. W"uh the staff o( excellent circuit cOjjioecn 
•ssigoeA to the proje<:i, lhcrc was rapid progress. 

Sooa ._ doJICC' llenU appeared. r~ h$ an inveMiptioo for Sicmem by 
the robe t..boratory ol Alllllllulalorenfabrit AG, I BcrliA muufldurer ol ilor· 
age baucrict. ud IDCt<w'}' rcailicrs.. Their ~ions ol mercury ''ljlor 

sm-.1 t~ Lbc tube "Ould be iAbetcmly noisy and WI maialclWICC ol Lbc op­
limmB npor prcswrc 1'0<lld be almast imp>«iblc, since U\VOOlllCD&al lcmpcr· 
llure -iJ llCCd 1«11rllc cocitrol Seaiad, work 11 General Electric llld WC$1· 
Cl'D Eleari< ia tbc U.S. •itb u improved vxuum, usiq Lbc rcceody introduced 
Gaede pump. r.ll~d lfCll promise. Consequently, AEG cu~ratcd oa the 
llCW bijh-vacuum approach for lube$, while Siemens CO<llinued dcvclopmcot ol 
the LRS lube for a while longer. 

On April 10, 1913. Or. Mcis&ner of Telefunken applied for • palenl U$ing lhc 
LRS tube In u tran&mlt1cr. On June 21 he wa.~ able ln conduct a radiophone 
eonvcrsn1ion between Berlin and Nauen, a distance of aboul 2.S mlle5 (40 km). ll 
demon.slralcd lhc UM: of lhc tube as an oscillator and moduliitor, f'or lhUSC days, 
wi1b the low powi:r of Ilic LRS 1ubc, lhat was a remarkable fcal. 

Dr. H;uu Rukop of AEO •-a. pba:d in cbvgc of a l.bo,.11>1}' on lbc Tcm­
pclbofcr Ufcr, Berlin, ro evalu.-te performance ol higb-va<11um triodca, follo-.iog 
the lead of AmolJ ar Wc:.tcra Electric. Al thc$c clToru bencf~lcd from ,,,w. 
abffiay ol the iml'"''"d Gaede: pump. Rukop operated Ilia rint lUcccwlll !Ugb­
YICllwn rriodc Ill tJic bcgjaemg ol Aagust 1914, jllSI a. WW I '*&S ckdarcd. 
Thus, tllc I.RS rube bad t .. o ycais oC gm.th without a m':I!. Tbc 11CJ11 11'-o ,.cars 
saw dcvclopmclll oC the ·iw.r triode to the poinl •hen: Ttldunltu and Sic­
mc1U ""°re oo loagtr .. illing to produce lbc LRS tube, Uvin& 1d<>pecd the poliq 
or using higlnacu11m dc•ica.. Thus, Ibey forced Felten uoJ OuillealllDe to as· 
sume producti<>n o( the LRS tubes "'1Uch might bc needed. 

Equipmcnr U>ing the LRS tube was not confined to telephone repeaters. 
Telefunken anJ TcKnOc wcrnbled large amounts of other opp;vntus durl.og lhe 
war. Shipboard wirclc$~ used LRS tubes in high-frequency amplifiers and bet· 
crodync o~cilloiora. Such equipment was found 011 1hc SS Va1crl11nd when she 
was inrcrncd in New York in August 1914. In well under two year&, this was 
truly 1 rapid dc'd<>rmcnt inlo commercial cquipmcnL 

II wao fort11natc that fcltco 1111d Guillcaume bad acquired 1 Ltmp manu· 
facnucr ia 1914, Wolfram Lampcu AG ol Augsl>urg. Thu. f.alitic& and lcd>­
aolagy •l'rc 1•-aibblc Uta assumption ol I.RS production beame acccuaty ia 
1916, Ullfortwutcl). lct.l lllaa a year bier the plant"''» C01nrbcly dQ!ro)'Cd by 
fire. Prodlldioa coulJ not be rQwned until just as the "'Vended io 1918. II io 
probable tb.u all prodoaioa of Ilic LRS lube had cc_.t by 1920, aiaa: lli&l>-•-ac­
aum lubes •1:rc rapidly rcplaciiig lbc mcrcury-wpor l)]lC, aoJ '*Crc pro>idiag 
higher rcli.>hility, lonecr life, and lower cost. 

JUSI before rhc major ~Ille$ at lhe Tannenbcrg Mar.hes. the Knsiti~ lele­
phone equipment ju...i recently available mode ii possible for General von Hin­
dcnberg'i &1orr ro cnvcadrop oo the RllSSiao lines and 10 learn their bolllc plans, 
aiding rhe Oermon vlcrory lhcrc. Use of the LRS 1u~ In 1elcphonc repealer& 
extended •<>ice com111uniciilloos from Berlin to Constantinople lh1tonbulf, o real 
acCCS&ity during lhc war. German Almy headquarters in Luxembourg cowd 
maintain voice contact directly with both lhe Eastern nnd 1bc WcMern FronL 
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Strauss (3) recounls lhul du1ina b.is milllaty service he was stationed in a re­
mote and very hot lillle town in Yug06lavia, where there was one of lhc tube re­
peaters. It was DOI v.orklng well. Strawia was called upoo to work bis magic. By 
encbing the tube in one ol tbc chimney dc.!ca the temperatwe was rcdU<:Cd, 
and pcr(ormancc wu apiJ1 reliable. 

CONTAClS WlT1i AT&T 

Early in 1913, jmt 1 ycai tller fonnatioo ol the Coasonium. Reisz and Strauss 
arrived in New York for mcetiop witJa AT&T. Upon ltTiYal they rcceMd a ca­
ble tdliag ol YOA Ucbca's dcalh. Prcsum1~ lhc miuioa was OD behalf ol. or 
wil.b lbe ~ ol, lhe mcmben ol lbe Cocuonium.. This lrip migbl seem 
IUlmaal in view ol lhc dole relatioas bclWCCD Siemens and Geoaal Elcdric. 
-..iaic:b -..'1115 lho ~ eJectroa lobes. F\1rthcr, I.be P eichspod and aJl lhc 
ocher major-<OUAll)' telephone compuics -..ue ia dole COllbCl and presumably 
bl paleAI cri•"V' 

Wcstero Electric'& laboratcxy ftnt butd ol lhe LRS robe tbroagb u an:idc 
puhWhcd ID AQ&WI 1912, and received by them on Scp1cmber llkb.. lmmecfi­
alely lbc manager of the Bell Telephone Manwacruring Co. £1Clcxy in ADrwerp 
WU requested 10 00Wn and forwanl copies ol tbe tbtcc pertincAI palCW- Thus, 
ii is c:crtain Lhal Arnold "'al 1warc ol the LRS lube prior to lbc •isits. 

To lihow jllSI bow el06C wu lhc race for development ind control of cubes and 
repeaters, oo.Wder thCMI fac:u and dales: 

L Fritz LowtM1ei11made1he unJ.ucces.\ful clemonJ.lr&lioil of his "black box' to 
AT&T in J111uary 1912. It was t11cr disclo5c:d lhal 1hc box con1aincd a de Forest 
Audion. 

2. De Foresl made his dcmoiutrolion IC> Wc51em Electric and AT&T on Oc­
lobcr 30-31, 1912. AT&T nnally purchased certain de Fore.<;1 pa1cn1 rights about 
April 1913. 

3. Atnold h3d been working on a mercury lelcphone relay. He bad perfected 
it lo the poinl thal ii was Installed II! o stand-by clement in the event the hard­
triode amplincr proved unsa1isfoctory during 1hc New York-Baltimore trials in 
October 1913, and 1hc preparution1 for tranSCQnlinental l(:MCC in July 1914. 
This relay must hove been eucnlinlly complele by Febru3ty 1913, since Arnold 
by thal lime was in Cull purauit of the high-vacuum triode ..::rsion. 

Reisz 111d Strauss could havc known or none of 1hel(: evcnts. CoiueqUClllly, 
Ibey £ell their reception w;is ca~licr, and were highly disappointed lh3t Ibey 
were Wlllblc 10 scU the complct1> LRS patent riahts lllld technology. Their sam­
ple lubes wctc kepi by Wca1cro for sii< "''"" of tcsilii& without lhe ~..::klp­
ers being al'°"''C<l 10 be ptescnL Thcy Ud (ck lhc gi'id claims ol lhc patent -..ue 
OlllstaDding. DOI being aware lha1 AT&.T wu evco lhco oegotiatiog '"1th de For­
C$l-

There i& C\idcocc ~ there wuc lcpl coollic:ts bclwcco the de FO<Cll and the 
LRS grid claims ia later yurs. lo Gcra1J1y II lcasl, Ibey were scnled in faYOr of 
YOALiebeo. 

Arnold's mercury relay was based upoo dc\'Clopmcou by Peter Coop:¥ RCol>ill 
...-i&Ja dUdwF lubes (9~ It is ironic lha1 Coop:¥ Hewitt WU also tboroegbly fa­
miliar wia de FO<Cll and bis Audloa. llicir labcntorica ftte io towetS only a 
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few blocka apan in New York Cily. De Foresl's wireleu sipa1s were received 
by Cooper Hewitt, and the rwo =n discussed the rcsuhs by pbcoe and in per· 
101L Evu more ironic, the rus11ncc from de FO<e$1's SCYCnl bboralooy sit" to 
lhc Wes1crn Electric bboncory was less chao two miles. 

SUM~IAKY 

The YOO Ucbcn tube bad a production life oC ooly eight years. Ncvcrthclcs.s, it 
merited I prominent position in lbe founding Of lbe electrOll•lUbc industry. Tbe 
tube derived from lbc inspiralioo or an WIU$Ual and brilliant sclcnti.\c. Not coo· 
ttnl with proving his initial idea, he spent four years devclopina it into 1 practical 
cntiiy. One may well say the production oC lbe tube in 1912 by lbe OUUllDd.i.og 
electrical companies or scientific Gcl'DllDy prO\cidcd lbe very $1&11 or tube ~ 
duction which founded a fantastic worldwide induwy. 
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