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 Some milestones in

electronics

An interview with Professor Bernard Tellegen

by Arthur Garrat

tm this article Frofessor Bormard Telbagan,
inwanior of tha pantnda, discoverar of the
Lumermbourg Effect, pioneer of the gyralor
and great fgore in the history of radio
tafks vo Arthur Garran. a British scientific
and indusirial eonsulianl now living in
Frarse.

BEFORE the invention of the transisior,
the thres most significant inventions in
radin were the dicde (Ambrose Fleming,
1904, ike tiiode (Lee de Forest, QHOG)
and the pentode by Bernard Tellegen oo
1928,

The pentode originated in the Philips
Research Laboratories, the Notuurkun-
dig Laboratorium or Mol Lab & L s
gemerally called, ot Eindhoven in the
Metheriands

The MNat Lab was set up in Januaey
1914 under the directorship of Dr Gilles
Holst, who had previowsly worked ln
Levden with Hameriingh Onnes — one
of the great figures in kow temperaturs
research. Holst soon had an sasistant,
Or Ekko Oosterhuls, whn became
Holst's second-im-command, ((oster-
huks, incidentally, was the grandfather
of the British polfer, Peter Oosterhuis.)
After the st world war the BNat Lab
grew space and among other well.
known members of ita staff were Bal
thasar van der Pol who published some
wo hundred papers on theoretical
aspects of radie, with particular
emiphasis on relaxation osciliations, and
Klass Posthumus whe, as we shall ses,
wae 8 co-discoverer of negative feed-
back and alsn cartied outl pioneer work
on split-ancde magnetrens. Apart from
Bemarnd Tellegen, a prolific generator of
ideas who still comes o the Mat Lab
regularly o "work on things which
interest him" and Kigas Posthumus, the
other men we have mentionsd are now
elaacl

Arthur Garratt visited the Mat Lab at
Eindhoven and recorded an interview
with Bernard Tellegen who explained
hew the pentode and gyrator came Bl
being and alio traced the history of
wave interaction in the innosphene, the
so-cafled Luxenbourg Effect,

Bormardus Dominlous Huberius Tel-
legen, 1o give him his full nama, was
boan in 19800 and trained as an slectrical
engineer at Delft Techabcal University,
Ereduaiing im P923 Aller completing his
military service hie joinecd the Mat Lab in
May 1624 and spent his enlire sorking

career wWith Philips. Arthur Garraty
agked him if e mmediately foined Van
der Pol's radio growp:

TELLEGEN Naot immediately, this hap:
pened a few years later, When [ first
juined Philips 1 worked with Oosterbios
Orme of my firat assignments was a
tungsten arc lamp which had recently
been deyeloped in the Not Lab, This
operated well on d.c. and we tried to
meabe i works an a.c. by using some kind
of transformer = unfortunataly this was
acd successful, After that [ worked on
the developmant of a batlery élimina-
1or: this was taken over by someone elze
whin carried it through to production.

It was after this that | jeined Yan der
Pl. From the beginning | wias more
theoretically than practically minded
and this natwrally caused me (o
gravitape towards Yan der Pol. and 1
started in the field of radlo about which
I diskn's know & great deal st that time
Hermsirer, 1 gtudied a paper of Van der
Pol's = a general paper on electron
paths: this was my introduction to
radio. I then began tn study emplifica-
tion. W. Schottky had writben some
papers on screen gcld tubes (etrodes)
and these mterested me very much. |
abso Tend papers on the use of triodes as
putput tubes and 1 observed that the
trinde should have a low intermal resisr-
ance in order o pet the masimum oul-
put Then 1 paxt the two tubes together
in my mind — 1 resdiged thal with the
tetrode you move the anode-current s
grid voltage chamcteristics over io the
feft and this was vlesrly » desirable
thing 1o do. | did seme calcubntions -
nothing abaul secondary emisslon al
this stage — amd | came to the conclu-
sian thal a sereen prid tube. notweith-
standing its high internal resistance,
was wery well fitted to the role of an
oulpat tube, You must remember tht
these wers the days when the anode
supply was from dry batterles and we
wanted the maximum oulpil feomi a
given baiiery voltage. From this start-
ing pesint T saw that one should not enly
FrL T highn’ output bul also greater
stage gain and less fregquency dislorticn
Fecause the corrent in the heodspeaken
aivoubd then be progerticnal Bo Lhe con
ieol grid valinge. Putting all thess things
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Professor Bernard Tellegen, mow agad '
A, at the Motuprkundip Laboratbrilim
in Eindhoven, Netkerlands

OF coprse, when you try this ouk ol
immasdiately Eome up againet the pro-
Blem ol secondary emission. Secondary
electrons are always emitted when
primary slecirons sirike sn elecirode
with an energy above about 10e¥, Iha
triode they have no effect beonuse they
are drawn back o the ebect fram
which they are emitted. but in a siresn
grid tube secondary electrons emitted
from the anode are attracted to fhe
seresn grid when the anode potenteai
falls below that of the screen. This
prcsleces impossible distortion if the
tube k& driven hard — as an output twbe
must be. S0 1 introduced 3 SUppressor
g between the scresn prid and rhe
anede — this prevented the exchangs of
seooeedary slectrons hetweesn the anode
ared the screen grid,

| talked with Holst sbout ot hor means
of suppressing secondary emission and
he proposed some methods wrhich were
put imio Ehie patent — this was the rea-
son that the patent itselfl s under the
names of kath Helst and me. In fact
Holst's suggestions were never pul into
practics, the suppressor grid was apo-
caselul and that wag that.

GARBATT When vou first consfrucied
i tube with & suppressor grid, did fit
wonrle right away or did you have g0 do
Mot experiments?

FELLEGEN We had o do some exper-
ments in measure snode current 4% @
functinn of anode vallage al varioms
values of suppressor voliage You can
[ind these in 1hs al paper tngether
with some of the fesuis, The optimum
dimensinns for the suppressor grid were
later stiedied by lonkes in the Wat Lab,

Pt il the beginnine we did not hoyve
ek Fificuliy 1n finding a rrasonanle
CrogsAeer ok For D S upgerassne ﬁl’ll‘]
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GARRATT When you found this was a
| atlafartary (ube, had you any renlisa-
tion at that time of the implications of
the pentods to the radio industry?

|
F TELLEGEN Well the effect it would

have on the industey was too big a

world for me! As far as | was concernad
| it was & tulbe which could be used prac-
tically in a radio receiver, It was just ol
this time that the first receivers that
Philipa had decided to boild were undoer
consrsciion and new ideas were com-
ing in from every side. Mot only was
there the pentode, but algo the in-
directly heated triode o= a detector and
what was called the 'Hull tube’
(named after A. W, Hull who had
studied a sereen grid fube deslgned Lo,
have a very low anode/grid capacit-
ance) Hull had stated in the paper
describing this tube that it was purely
| experimental and was not intended as a
| production tube, 1t was Posthumus who

developed the idea into a practical tube
S0 our first commercial maine sat had a
seroen grid rf, amplifier tube with a
vary low anode/grid capacltance, an
indirectly heated trelode and a pentode

| output tube.

GARRATT Was the pentode indirectly
heoated as well?

TELLEGEN Mo, the pantode was
direstly heated off gc. There were
actaally two sets, o battery version
wihich was, of course, d.c, throughout
end the g.c. malns version.

GARRATT This waz the af. péntode,
How did the r.f. pentode come into

being?

TELLEGEN 1 think the first r.f. pen-
todes were constrocted by Beil
| Telephones who needed rather high .0
voltages, They realized the Imporiance
aof the pendode for rf. amplification -
this was also covered by the ariginal

patent,

GARRATT The patent is interesting.
Philips patented the pentnde in sightern
countries, but it was never patented in
the Metherlands = why was this?

TELLEGEN The reason was that some
date was overlooked, When vou apply
fior & patent in the Metherlands vou get a
letter back saving. "We have such and
such objections and we want certain
information™ before a ceraln date. He-
cause of some administrative error, the
axpiry date was overlooked, Desplie
effortato gel pesmission from the Dutch
Patent Office to extend the time, they
refussd amd this is why the patent was
not granted in the Mether lands,

GARRATT Thiz was a patent
immens=s imporiance to Phifips. [ rmised
n great deal of money

TELLEGEN Yes, and it npened donrs —
thiet doors ol sther important electosniey
lirrms

GARRATT It was abcut this time that
your colleague, Posthumus, was wor-
king on negotive feedback. Negative
feecdback is generally stteibuted 1o H, 5
Black of Hell Telephones, but Post-
humus was working on it almaost
simaltancous |y

TELLEGEN Yaou can say “zimal-

tametusly” and guite unknown 12 each
ol e

GARRATT In fact there was an inieres-
ting difference. Black used a bridge
cireuit while the circeit Posthumus de-
veloped was much more like the fecd-
bock circuitry used in radio todoy,

TELLEGEN Yes, Black concentrated
largely on telephone applications whers
a bridge was necsssary, while Post-
huumus was interested in radio sets - sp
the two rmen had rather different points
of view

GARRBATT Megative feedback took
Soere me to get fnto commercial prac-
¥

TELLEGEN It was used In radio sets
bacause there were objections that
pentede cutput lwbes gave third har-
meones distortion due to the impedance
of the loudspeaker rising with
Er-equencj.r. This could be gvercome by
applying nepative fesdback hut it took a
number of vears Before 1 was weed
generally in radio receivers.

GARRATT Whal mbout
telephinny®

its wge In

TELLEGEMN At that time Philips were
el i thes telepthnne business while Ball,
o the odher hand, were primarily int-
erested in 1elephones and, | beliove,
they wsed negative feedback commer-
cially before Philips.

GARRATT An thar tirme, at the end of
the twenties and peginning of the
thirtbes, the Fhillps Mat Lab was very
much in the frent rowe In ebeckronics,
st hed produced the pentode, Post-
humus had produced negative fecdback
simultanecsusly with Black and he had
dlsn done pisnesr work on the magne-
teon, Van der Pol was doing & great deal
of importanl thearetical work — this
maest have heen a remearkuble time and
place bt daovin g researeh?

TELLEGEM That's right. It was very
stimulating to work aon these prohbems
andd I8 was mad viery diffiwult to make
progress in different directions and Lo
Fired e applicatioms for ome's eloas Ti
wiks very exciling for all of us

GARREATT A kitle Lwisr on came §he
beam tetrode outpul tube, anatber way
of avolding the eifects
“inilasEann

ol sepondary

|H.| FGEN And m WA qul ;|l,'|||_.|j|||!._- [lae
Fimbiery] =!
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T Luxerabourg Effect

GARRATT You were elsn 8 plonees |
the discovery of what was originai
callied the ‘Luxembouryg Effect”,

TELLEGEN Ye=x it's now called ™wav
interaction”, Alter somae Lime with Va
der Pol [ had moved 1o work in- ik
grodp headed by Oosterhuis. Vian de
Pol and [ Iooked at things from & i
ferent point of view, He was s physicis!
Il am an engineer, Yan der Pol wa
almasd exclusively interested in ander
standing things, | thought understan
cing was no wee if you didn't apply ik
resulls in the right way — that's itk
pilnt of view of an enginesr, This ik
after some vears | joined Oosterhuis
group which was busy develoging rsdi:
receivers, One problem we faced wa
cross-maxdulation, so we built straigh
sets with two tuned circuits in frong o
thar first tubse — by increasing the s
tiwity heforg the first tube we reduce
the cross-modulation. We had buil
such an experimental receiver in whic’
we were qiite certain we had elminsie
all cross-mopdulation and | testad thi
ouk gt home. | found that when 1 wa
Hatening to the Swiss station Bér
minster | could hear anoiber $tal
faintly im the ackground. This puzels
me & lot. | thought o mayeedf this oes
be cross-moduidtion a3 we had ke
every possible measure (o sliminaste &
coaeld only hesr the gecond station whe
there was slence in the Beromiingte
programme. [ tuned around and foan
that the interfering programme wa
being brordeast by Radio Luxembotrg

GARRATT Which was o bohg-wave st
tyom,

TELLEGEN Yex, a loig-wave station
callad my friend Rinlo and told him ¢
listen . He did =0 and got the sam
effect, At first we thought it migk
perfhunps be something complex hep
pening in the electric Hght maine. 5o w
went oubside the town and repeated ih
expeniment -, . and got the same Fesull
T then realised that Luxembourg wi
Just about half way betwean Eindhove
and Beramiinster and waz a ver
powerful station transmittng & jog
enerpgy into the fonosphere and som
thing must he happening in &l
irensphiers that affected the signai fros
Beromiinater on s way to Findhows
amd this was the reasan for the e
ference.

The lonoEphere wras outside my fie
but when peaple reporied similar &
periences Wilh cdher receivers i becaie
nbwlonrs that the offect was nol cause
by someiling in the receiver bat mo
occur in the ionosphere, 5o | wrote
letler to Ngture which was dul
pubtlished. G, W, 0. Hows wreate o
editaral about it in the Wireless Engi
eer pnd ho colled it the '"Tellagr
Effect™, but that didn't sdick and
berame Ewivwn &8 wave inleraction
wae Vo A Bailey in Adstralin, o m:
workirig nn the wnosphere, who eve

:
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dually ekplained exactly what was hap.

penlng — the mean-free path of the
electrons in the ionosphere was being
influenced by an external field, the r.f.
fiedd, and s0 one transmission was
misdiulated by the other,

GARRATT What did you do during the

war, when there were Germans in the
Nat Lab?

TELLEGEN Having worked on clreuit
problems in connection with radio
recervers, | had become [nterested in
circuit theory, We used to run courses
for eachother in the laboratory — 1 gave
a courae on circuit theory, one of my
collengues took notes and it was later
reproduced and T eventually extended
it into & book. The notes came bbo the
hands of one of the professors of elee-
trical engineering ot DelR Technical
University, He suggested to me that |
shoddld eome to Dellt and lecture in tnis
field. As a resilt | became an Extraor-
dinary Professor there in 18947 — Ex-
tracrdinary in this sense means part-
timma. T owas  the policy of Delft
Unkeersity En have some specialists
fram industry to lecture on their parti-
cular specialities to the students in
order to establish closer ties between
the university and ndostry. This was
mo 1 first cama to Dielft and 1 continued
there for twenty years.

CARRATT and you received a docto-
rate from Dedfe?

TELLEGEN [ retired From Delft in 1968
and the following year | was awarded a
doctarate, in  olectrical engineering,
Mesdless to say this pheased me very
much,

The Gyrator

GARRATT As though the pentode and
the Luxembourg Effect were not
enough for one man, vou worked in
geveral other areas?

TELLEGEN Yes, first of all on receiving
tubes, then on complete recelvers and
later, on cirtwit theory which led to the
gyrator,

GARRATT How did the concept of the
gyrator arize?

TELLEGEN Around 18301 was 5t|,:n:|'_l.r||'|g_
the properties of loudspeakers. The firat
equAtioms concerning nudspeakers and
telephones  were developed by
Poifcard. They are electro-mechanical
systems, Lhal can be described as wys.
tems with two ports — an electrical one
and a8 mechanical one, which are related
ta each other by the telephons system.
When you write down the equations
something very curinus happmg e
pemding on how you relate the ebectrical
and mechanical quantities. If we sav o
corrent corrsaponids Lo 5 velocity and a
waltage corresponds (ooa farer and yon
write the tam-port equations in thoas

quant:tiea for an l.-':e:trn-rr,a,gr.-u[in;
telephione, yvoeu get a set of equations
which don’t obey reciprocity, bat if vou
do this for en electrosiatic telephone tee
equatinong do obey reciprocity. Recip
rogity, which isa property of a tweo=part,
can he expressed as & marhematical
relationship Berwesn the equations
which link the current through one port
to the \rﬂitage across the other port
when the two-ports consist of standard
circuit elements, namely resistors,
capacitors and induciors,

Reciprocity s one of the impoartani
general properties in electrical net.
works — of course | was aware of these
propertias — but the telephone intro
duced eguations which were of a dif-
ferent type. | realised that vou coubd
combine an elecliamagnetic and an
electrostatic telephone in such a way
that you have an ebectrical input and g0
efectrical oulpul; in principle, at lemst,
you could Imagine an electrical twa-
port which did not obey reciprocity.
This led o the concept of two sots of
equatiots; ong pair defined an ldeal
transformer, which I8 & separate net-
work element, the other pair defined
another separate network elemeni
which 1 called & gyrator In the trans
farmer there is o proportionality be-
teween primary and secondary voltages
amdd also between prifmary and secon-
dary currents. In the pyrator there is a
proportionelity between primary val-
tnge and secondary current and also
between primnry current and secondary
voltage. The gyrator i thus defined but
I had rio means of realising it in the field
in which [ was working, i.e. radio
recesver design. But | kept it in mimnd and
durlng the war I pondered over the
possibility of teyving to find some means
of actually realising it whthaout
mechanical means — [ had been car.
ryving the equations arourd for some
years on 8 small plece of paper. Well
eventually | found a means by using the
gyromagnetic elfects in Terites and |
carried oot some sxperiménts When
thit ‘war was aver | wrode a paper about
it = the Cime was then ripe for publica-
tion. During the war | had written &
number of laboratory notes about the
gyvratorand [ remember {hat when the
Cormans came arcund | collected all
chzae nodes and pat them away so that
they wouldn't got into Mazi hands

The gyrator is connected in 8 way
with o very famous book, A Treatise on
Motural Philosephy, by Thamean and
Tait, which was-very well known
Bmong physicists at the end of the
nimneteenth century, It was Thomsaon
and Tait's book which had svervihing
abowt mechanics in it 1t discusseod
vibeations of small amplitude which are
deqeribed by linear equations. 1n (e
eOuaticars  Special terms  may ooy
cadled By the authors Ygyrosoopc’ o
“E¥roatafic™ terms because Lhey oocor
when fivwheels bn a state of rapid
ratatinn foem part of (he svslem by
being mounted on frictionless beoninpgs
commccted Larouph a Tramewark with

BE
other paris of the system, and becauss
they occur when the motion considered
i= motion of the given system relacive to
8 Tigid body revoiving with & con-
sirained constant angular velocity
round & fixed axis, What 1 did was
related to this and, a5 8 result, | found &
pood name for the elewent — gyrotor,
the gyra from gyroscope and the finel
topr From many other elecirical words
like capacltor, inductor and transfor-
mator {(Dutch). Gyrator is o prectical
word and can be used egually well in_
English, German and Frénch = il's short’
amd the tor implies that it B elestrical [F
you wanl to popularise a copcept it is
very important o have a good name for
it. This did s bot do arouse interest in the
concept of the pyrator.

GARRATT 5o you were the inventor of
the gyrotor as well as the pentode?

TELLEGEN It depends what vou mean
by inventor. The gyrator has been the
subject of ssme patent applications. A=
I said before, 1 realiaed in 1930 that by
combdning electrostatic -and elec-
iromagnetic loudspeakers you Can, at
ieast on paper, lind pairs of equatfons
that are non-reciprocal, | didn’t publish
it at the time; it was published by E. M.
McMillan in the Linited States some
years before my paper on the gyrator.
S whether you call me the inventor is
tigr o yous, but cerininly | invented the
CIATTIE.

GARRATT When was the gyrator first
used practically?

TELLEGEM It was first put inbe practice
by Bell Tedephones. They realised before
1 did that you coubd use pyromagneiic
effects in microwave technology —
Casimir {one of the Directors of the Nat
Lak at the time) was not very happy
about Lhis! [ had missed the point, bat
then 1 was always thinking more ahout
the frequencies used in ordinany radio
recelvers than about microwaves —
these were not iy special field Perhaps
it was stuphd of me not to have looked
into ihis. 1 had realised that the
gyromagnetic effect could be very
much greater ai high frequencies than
al lower ames, but Lhey took this very
much farther ot Bell and introduced
ferrites and wavegnides and various
cilser Lhings refated to gyrators. There
are several things vou can de with
gyrators in wavegldes and 5o intro-
duce non-reckprocal effects

Gyrators are now VETY '|:||:||:||,||.l1r and
can be realised in an extremely efficient
manner using solid-state componenta.
Thts did st interest me at first because
the guwrator itselfl is 0 passive slement.
With active networks the field s very
masch hroader and, al Tiest, there @5 vory
little reason to limit yvoursell o pro-
ducing & passive element by active
i Bul il turng oul that it s valu-
ulsle e yen inact e nedaoris; for filters,
fowr mnmiple, il has proved cery useful,



