THE INVENTOR OF STEREO
The Lile and Works of
| Alan Dower i} =




This book is the definitive study of the life and
works of one of Britain's most important inventors
who, due to a cruel set of circumstances, has all but
been overlooked by history.

Alan Dower Blumlein led an extraordinary life in
which his inventive output rate easily surpassed that of
Edison, but whose early death during the darkest days
of World War Two led to a shroud of secrecy which
has covered his life and achievements ever since.

His 1931 Patent for a Binaural Recording System
was so revolutionary that most of his
contemporaries regarded it as more than 20 years
ahead of its time. Even years after his death, the full
magnitude of its detail had not been fully utilized.
Among his 128 patents are the principal electronic
circuits critical to the development of the world’s
first electronic television system. During his short
working life, Blumlein produced patent after patent
breaking entirely new ground in electronic and
audio engineering.

During the Second World War, Alan Blumlein was
deeply engaged in the very secret work of radar
development and contributed enormously to the
system eventually to become 'H2S’ - blind-bombing
radar. Tragically, during an experimental H2S flight
in June 1942, the Halifax bomber in which Blumlein
and several colleagues were flying, crashed and all
aboard were killed. He was just days short of his
thirty-ninth birthday.

For many years there have been rumours about a
biography of Alan Blumlein, yet none has been
forthcoming. This is the world’s first study of a man
whose achievements should rank among those of
the greatest Britain has produced. This book
provides detailed knowledge of every one of his
patents and the process behind them, while giving
an in-depth study of the life and times of this quite
extraordinary man.
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Foreword

It is a privilege for me to write this foreword to Rob Alexander’s book on Alan
Blumlein because it enables me to pay tribute to a man with whom my acquaintance
was short but historic. In the later chapters of this book readers will find an account
of the problems facing Bomber Command in the early stages of World War II and
of the circumstances that led to the urgent development of the long-range bombing
aid which bore the code-name H2S. In the last days of 1941 I had been ordered to
form a group to develop this system and had been informed that the finest group
of electronic engineers in the country at EMI had been allocated the task of trans-
forming the experimental system to an operational state.

I had already heard of Blumlein and of his skills in dealing with the embryonic Air
Interception (Al) 1%metre radar for night fighters, but I did not meet him profes-
sionally until early in 1942. His immediate impact on the elementary electronics of
our first experimental H2S system lives in the memory. Alas, this impact was to be
short lived. On a Sunday afternoon, 7 June 1942, Blumlein and his team from EMI
were killed in the crash of a Halifax bomber when they were receiving a demon-
stration of the performance of our only H2S system using the, then, highly secret
cavity magnetron.

A host of problems faced the further development of H2S to an operational state
and it was the end of January 1943 before it was first used by Bomber Command
over enemy territory. The receiver and the display unit contained many of
Blumlein’s ideas and it is tantalising to reflect on how much superior that early
system would have been had Blumlein survived.

Alan Blumlein lived and worked in the thermionic-electronic age of the twentieth
century and this book reveals his immense impact on those systems. It needs little
imagination to reflect on how he would have grasped the post-war age of the solid
state, microchip systems. He was one of the greatest electronic engineers of his time
and in these few words it is an honour for me to pay my humble tribute to one
whose tragic loss is forever seared in my memory.

Sir Bernard Lovell
July 1999
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Alan Dower Blumlein - a British genius?

Who was Alan Dower Blumlein? Incredibly, very few people have heard of Alan
Dower Blumlein. Other than those whose fields of interest cross into the realms of
his work, he is almost unknown. Yet this man is one of the twentieth century’s fore-
most scientists, inventors and engineers. His achievements were enormous and
many of them still affect our lives, nearly sixty years after his death.

If you were to ask most schoolchildren, ‘who do you think invented television, or
radio, or perhaps the jet engine?’ even if they do not know the exact name of the
person, I feel reasonably sure that they will have heard of John l.ogie Baird,
Gugliomo Marconi or Frank Whittle. Yet none of their text books will mention Alan
Blumlein, or any of his achievements.

And what achievements they were: numerous microphones and the techniques for
their use; the lateral cutting system which made ‘modern’ record production poss-
ible — this method continues, despite the compact disc, well into the 1990s; tele-
graphic networks that linked countries and continents; submarine cables; much of
the infrastructure of the 405-line high definition television system which, until 1986,
was still being broadcast in Britain; improved radar systems, some of which helped
win the Second World War and again, were still in use until very recently; and then
there is stereophonic sound, a masterpiece of invention so advanced that neither
the company he worked for, nor many of the colleagues who helped him perfect it,
fully understood its complexities until well over fifteen years after Blumlein had
died, and nearly thirty years since it had been conceived.

Were Blumlein to have ‘invented’ just one thing in his life, perhaps our history
books might have treated him differently. It would seem however, that his very
volume of work — 128 patents in all — might actually have gone against him. Surely,
no one man could have achieved so much in so short a period of time? Yet the
Americans have no problem in lauding over the achievements of Thomas Alva
Edison who has over 1000 patents to his name. Why is it that Edison, with nearly
60 biographies written about him, is singled out, and Blumlein is not?

There may be an answer. There is an element of mystery and secrecy that surrounds
certain events of the life, and of course the death of Alan Blumlein; we have, for
over half a century now, been excluded from understanding exactly what happened
throughout the key parts of his work. This is especially true of the period during the
Second World War, and leading up to his premature death, at the age of just 38, in
a mysterious plane crash in June 1942,
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Part of the reason why so little has been written about him is buried, along with
countless secret documents, in our Ministry of Defence vaults. These locked files,
are only now, at the turn of the millennium, finally being opened and looked at by
investigative writers, keen to bring into the light a compelling story of achievement
and tragedy.

It is without doubt that had Alan Blumlein lived, he would have gone on to achieve
even more quite extraordinary things. This is not to say that his achievements as
they stand are not outstanding already, but one cannot help imagining the incred-
ible engineering feats that might have come about earlier, or perhaps at all, had he
turned his hand to them? What amazing inventions could he have designed had the
tragic events of Sunday, 7 June 1942 not taken place?

We are left with only the 128 patents as a lasting legacy to the man. They span a
mere fifteen years of his life. With the benefit of hindsight and modern under-
standing, we can attempt to look a little into this mind that was able to conceive such
incredible visions; visions which in some cases, even ten, fifteen years after his death,
were not fully understood or commercially exploited.

I first heard about Alan Blumlein from my father who, like Blumlein, held a fasci-
nation for engineering, electronics and the practical application of the human
mind. It was my father who, upon leaving the RAF as a radar operator after the war,
had gone to work for EMI in Hayes. This was where the memory of Blumlein’s work
was still fresh in the minds of the colleagues he had left behind. When I later
became an audio engineer myself, I was bemused by the fact that so little had been
written about a man that I had been hearing about since I was a child. Whose prin-
ciples, in my particular field of interest were, and still are, used on a daily basis.

It was during my time as a lecturer in audio engineering that the first thoughts of
this book were planted in my mind. As I taught about microphone theory and appli-
cation, I was constantly asked by my students: ‘Where can we read more about this
chap Blumlein?’, to which my natural reply would be, ‘Well, in a technical library of
course’; but, contrary to such auspicious databases as Who's Who, there are no such
books. None.

Over the years since his death however, there have been no shortage of attempts to
write about Blumlein; indeed, several so-called biographies have been written, and
have been promised for decades. Yet none of these books have ever seen the light
of day.

There have been quite a few so-called biographers of Alan Blumlein, some working
with the blessing and co-operation of his family, and others without. In nearly every
case these people seem to have lost the real reason that they began the task: to
record the events that surrounded the work of such an astounding man, his achieve-
ments, his life, his colleagues and friends. In every case, like Blumlein himself, inex-
plicably, the ‘book’ that is promised, vanishes into the haze once again.

This situation has gone unchecked for decades.

Doreen Blumlein, Alan Blumlein’s wife, died recently in the firm belief that a bio-
graphical volume of her late husband’s work would appear. Yet, despite the years of
help that she gave, allowing access to her private family archives and documents, the
book never appeared; year after year she waited, always promised ‘next year, next
year’. Doreen Blumlein never did live to see that work in print.
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Blumlein’s eldest son, Simon, has, for an equal number of years, given his time and
support to ensure that his father’s work could be documented for the good of his-
torians, and for the nation — so important were elements of Alan Blumlein’s
achievements. In return, he too has received nothing for his efforts. In more recent
times, certain individuals have taken to publicly damning those who have called
themselves ‘biographer of Alan Blumlein’. And yet, despite the constant pressure
from established academic and scientific bodies and numerous requests from
researchers, libraries, and historians not to mention the Blumlein family, still no
book has appeared.

This volume will hopefully, bring to light some (though I am the first to admit not
all), of the accounts of the life and works of Alan Dower Blumlein.

It is not my place to stand in judgement on those who have, for so long, promised
to deliver his biography, and who have done nothing. That is for others and history
to do. However, I would say that this book is so long, long overdue. Were it not so
incredibly important to document this life and these achievements, if only for
history’s sake, then the circumstances that have surrounded the publication or,
more accurately the lack of publication of a biography of Alan Blumlein, it would
almost be comical.

My only regret is that many of those who entrusted their faith in the work of indi-
viduals, who made such shallow promises, have now, sadly, passed away. Of the many
that knew and loved Alan Blumlein today, but a handful remain. Had that which
had been promised for so long been done, then many of his colleagues, his friends
and of course his family, would have lived to see a biography in print.

Above all this book will set the record straight for future generations. As fully as
research allows, given the distance in time, the full catalogue of Alan Blumlein’s
achievements is contained herein. In spite of the shroud of secrecy which, even now
at the end of the century, still covers part of the work he undertook (and will con-
tinue to do so for some time to come), [ have attempted to discover and understand
the kind of mind that is capable of conceiving a new patent every 46 days of his
working life.

It may not yet be possible to explore every avenue of his work. However, while there
are still those alive who knew this incredible man, and who were close to him in life,
I feel it is imperative that an account of his work be published.

Only then can he take his rightful place among the very best of this century’s sci-
entists and engineers.
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Introduction

skies, warm sunshine and perfect visibility for flying, a Halifax bomber crashed

into the shallow hillside of a field just north of the River Wye near the village
of Welsh Bicknor in Herefordshire. All eleven occupants aboard were killed in the
enormous fire, which engulfed the aircraft on impact.

Shortly after 4.20 p.m. on Sunday, 7 June 1942, a glorious summer’s day, clear

The consequences of that crash were, at the time, considered grave enough for
none other than Winston Churchill to shroud the events in secrecy. Family
members were withheld from publishing obituaries, no mention of the crash
appeared in the press, even the bodies of those who had died were held for several
days, before finally being released for burial.

These were the darkest days of the Second World War, and Great Britain, in des-
perate trouble, stood, practically alone, against the might of the marauding German
armies. Even though the British propaganda machine had swung into action, trying
as best as possible to keep the morale of the hard pressed British people going, the
truth, the real truth of the situation however, was known by only by a few; and the
information they had was not encouraging. Britain’s defeated armed forces had
been kicked out of Europe in June 1940, at Dunkirk. Nearly starved by the contin-
ued loss of vital shipping to the U-boat fleets; fought to near extinction in the skies
over the Channel during the Battle of Britain, London had then been bombed to a
shell during the Blitz of the winter of 1940/41.

The only way Britain could fight back, to restore some of the morale, to give the
public the victory that they so badly needed, was in the skies over Germany. By the
summer of 1942, the bombing of German cities and industrial sites took priority
over almost every other operation. Yet, for those who were privy to the most secret
of secrets in this, the darkest period of British history, the plain truth was that
Bomber Command were falling woefully short of expectations. Even with its new
squadrons of heavy, four-engined bombers, Bomber Command were only placing
one bomb in five within ten miles of the target their bomb-aimers thought they
were.

If a way, any way, could be found of directing the aircraft to a designated target with
some degree of accuracy, then it must be found, at all costs.

That method was called H2S radar, and it was an early experimental form of the
H2S equipment that the Halifax that crashed at Welsh Bicknor on 7 June 1942 was
carrying. More critically perhaps, of those who died aboard the aircraft that day, the
majority of the civilian and military development team who were perfecting the
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radar also perished, before H2S could be delivered to the Bomber Command
squadrons.

The loss of such vital personnel, all at once, may well have had far reaching conse-
quences for Britain. It may have even lost the war, had it not been for the dedica-
tion of the few, left behind, driven on by constant personal intervention by
Churchill to complete the project and carry on with the work of the team who had
died.

Of the scientific personnel who died that day, Alan Dower Blumlein stands out as
possibly the greatest loss. ‘A national tragedy’, one of his colleagues would call it, for
Blumlein was, without any doubt, at a time when scientific genius was at its foremost,
one of the most brilliant engineers of the twentieth century.

So who was Alan Blumlein? And what exactly did he achieve? Certainly there are
very few references to him in textbooks, and almost none of the history books seem
to have remembered him. He does not appear in ‘Who was who?’ for example, nor
does he have an entry in most of the written recollections of the war years. For a
man whose work was so influential, Alan Blumlein has been dealt a pretty rough
hand by the game of history.

For the purposes of simplicity here, I have split his works into four general fields of
interest: telephony, audio, television and radar, though he undoubtedly contributed
greatly to other categories, such as circuitry and measurements; these are dealt with
in detail later. It was these four areas however, all inextricably linked to each other,
that has made it relatively easy to trace the route of development taken by Blumlein
as he progressed from one subject to the next, often overlapping his work.

It was, as I have said, his secret work with radar in the Second World War that caused
him to lose his life. This was something that he was aware could happen, and he had
even discussed the matter with his wife Doreen. Alan Blumlein knew that the
Germans had some idea he was part of a major British scientific team working on
secret war projects. Though whether they were able to infiltrate the tight security
surrounding such establishments as TRE, the Telecommunications Research
Establishment, at Malvern, where much of the work was being carried out, is
unknown (and frankly, unlikely).

It was however, as a direct result of the crash that an even tighter blanket of secrecy
came down and covered all aspects of the work being carried out by those who had
lost their lives.

The work continued of course, the H2S radar system was perfected and used to a
very effective degree throughout the remainder of the war. Indeed, in various dif-
ferent versions, H2S was used continually until the end of the Falklands War in
1982.

Somewhere along the line however, the work that had been carried out by the men
who had died, never became de-classified. It remained, until quite recently, very
secret, and as such the people who had paid the ultimate price, made the ultimate
sacrifice for their country and the work they believed in, were forgotten by all
except those who knew and loved them.

This is the story of all the areas of interest that engaged Alan Blumlein during his
working life. It spans a quite extraordinary era in human technological develop-
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ment covering a period from just before the first powered-manned flight was made,
to a time just prior to the nuclear age. While I have endeavoured to place events in
the context of Alan Blumlein’s life - specifically, his surroundings, work, family and
friends — it is also important to point out that many of his patents are co-written with
colleagues who were extremely talented in their own right. Two of those who died
with Blumlein in the Halifax had been friends and co-workers; they had, for many
years, laboured to come through the trials and tribulations that developed the high
definition television system with Blumlein before the war.

Yet other aspects of his life touch upon projects and people he may not have known
personally, but who are mentioned here in the context of the achievements they
made, achievements which ultimately contributed in some way towards his work.

This book then is not so much the story of one man, though it centres on the
achievements of Alan Blumlein; it is, rather, the legacy of many. Just as inventions
are not always the work of an individual but the achievements of the many, so Alan
Blumlein’s work can be attributed to the influence of the many that went before
him. An extraordinarily modest man, I am certain that Blumlein himself would be
the first to ensure that the work carried out by his friends and colleagues was rec-
ognized for its value in the context of his own achievements.

And yet, despite all that, there are fascinating elements of his work that simply did
not exist before he imagined them. His mind worked in way that made problem-
solving a daily challenge, a goal to attain, and he took up these challenges with a
relish which most ordinary people would find hard to understand, or even believe.

It is this very individuality, this ability to create alongside the work of others that I
believe, truly justifies the use of the word genius.

Robert C. Alexander
Watford, June 1999
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Earliest days

(just off the Finchley Road), in Hampstead, London. A modest house, it was

leased by his father Semmy Joseph Blumlein, who, originally a mining engi-
neer, had recently enjoyed some success as a merchant and was beginning to
prosper. Semmy Blumlein was a naturalized British subject having been born in the
Alsace region of Germany in 1864. His wite, Jessie Edward Dower, was the daughter
of a Scottish missionary, the Reverend William Dower, who had been working in
South Africa where Jessie had been born. Semmy Blumlein had left Alsace in 1871,
to avoid the conflict of the Franco-Prussian War and possible conscription into the
German army. He travelled to England to meet with family friends and ended up for
a while in Manchester, where he would probably have found his new world very
strange. Manchester being a large, dirty, industrial town, was not completely unlike
the Alsace part of Germany which is also an industrial and mining region.

3 lan Dower Blumlein was born on 29 June 1903, at 31 Netherhall Gardens

There is no evidence to suggest that Semmy spoke much if any English when he
arrived in Britain, though he certainly learned to speak the language in his newly
adopted country soon after. He seems to have survived quite well, even thriving and
would, in time become a successful businessman directing several public compa-
nies. Some years after his arrival in England, and after he had made enough money
to travel, Semmy Blumlein decided that his prospects were better in the British
colony of South Africa where massive European development was taking place. He
packed up everything he had and travelled to South Africa to investigate, and hope-
fully exploit, the mining prospects in the region. These were undergoing extensive
development at the time and offered a man of Semmy Blumlein’s resolve an oppor-
tunity he could not pass up. It was while there in South Africa that he met and
married Jessie.

For a while Semmy and Jessie Blumlein prospered in South Africa, but as political
unrest escalated in the years before the Boer War, they decided, perhaps for safety’s
sake, perhaps for business and economic reasons, to return to England. Taking with
them the not inconsiderable amount of money that they had acquired, plans were
made for the passage home. When the Blumleins returned to England, they set up
home in north-west London and it was here that Alan was born on 29 June 1903,
and where he would spend the formative years of his childhood. At the time of his
son’s birth, Semmy Blumlein gave his profession on Alan’s birth certificate as a
financial merchant and, having decided to make England his permanent home,
finally became a naturalized British subject in 1904.

At the age of five, Blumlein was placed in a local preparatory school by his parents
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called Gothic House, which was in Belsize Road. School would be one of the few
places during his childhood where Blumlein was truly happy and his association
with this part of London would last well into his adult life. So would Gothic House
where he would later meet his wife Doreen, a preparatory teacher there. Blumlein’s
education during his time at Gothic House seems to have been of a somewhat
liberal nature.

Alan Blumlein was a slight child with mousy brown hair and vivid, interested green
eyes. He was a clever child, able to understand most things, but at the same time
could be quite introverted. His parents, who were liberal-minded for their time,
allowed the boy to work as he pleased, and it would seem that he did just this. His
attention span was limited only to subjects that interested him, and he practically
ignored those which he felt he had no use for.

One of the best examples of this during these formative years is his reading ability,
or rather the lack of it. In most of the narratives that have been written about
Blumlein, much has been made of the fact that until the age of about twelve, Alan
Blumlein could not read, and very probably could not write. There is no direct evi-
dence for this as none of his work at Gothic House has survived (assuming of course,
Semmy and Jessie Blumlein even had it to keep in the first place). However, much
later in life, Doreen Blumlein recalled that Alan had told her something of the kind
of world in which he lived between 1908 and 1914.

‘He couldn’t read properly at all until he was about twelve, and he could never
spell. Though he did get to read library books in the end. I think through me,
suggesting that he did. However, it was no good if he read any sort of poetry or
anything like that, he couldn’t read it. It meant nothing at all to him.

Of course he had been reading up to then, as I said to him one day, because
his nurse used to read it all. But because he hated reading, he went to a cram-
mers when he was about twelve, and he must have got to it. So, I said to Alan
one day, “You couldn’t read properly till you were twelve?” and he said “No, but
I knew a hell of a lot of quadratic equations.” He knew what he wanted to know,
and the rest he didn’t bother with.’

This was not an entirely unusual situation for the time. Semmy and Jessie Blumlein
were affluent enough to afford a nurse to look after their son. As was the popular
belief in late Edwardian times, much of the formative education of the boy, during
the hours that he was to spend at home, would therefore be left to her. Children
were to be seen and not heard, and only seen when they were wanted. While there
is no indication that Semmy and Jessie ran a particularly strict household, it would
only be natural for them to take a distant interest in their son’s education. Young
Alan Blumlein would have been read to by his nurse. Stories, adventures, poems and
rhymes. Perhaps as he got a little older Shakespeare or even the classic novels, but
he himself found little interest in learning to read which, after all was being done
for him whether he learned or not.

Semmy Blumlein’s influence on his son, despite the normally strict edict of
Edwardian life, seems to have been quite important as it was almost certainly he who
first introduced Alan to the knowledge of electrical engineering. Though Semmy
was in principle a mining engineer and a businessman, his interests were wide and
varied, as is the case with many self-made men. Somewhere around the age of five



Earliest days 3

or six, Semmy Blumlein began to notice that his son had a keen aptitude for know-
ledge of subjects that were of a distinct interest to him. Only when Alan was inter-
ested would he pay enough attention to learn. It was due as much to Semmy’s
awareness of this fact, as the boy’s interest, that Alan Blumlein was first introduced
to the wonders of electricity.

The first direct knowledge that we have of Alan’s growing ability to study the appli-
cation of electrical engineering is a small piece of paper. Essentially, it is an invoice
written out to his mother in 1910, when he was just seven years old. It seems that a
doorbell had broken. Alan had either been asked or, far more likely, had taken it
upon himself to fix it. Having done so, he presented the bill to his mother stating
the sum that he wanted for fixing the doorbell and signed it ‘Alan Blumlein,
Electrical Engineer’.

Over the next few years Alan began an almost total immersion in the study of elec-
tronics and mathematics which, bearing in mind his age, was a quite extraordinary
thing for him to undertake as study subjects. He was undoubtedly encouraged by
Jessie and Semmy Blumlein who, even at this tender age, must have seen great
promise in the bright eyes of their young son. Like most boys, Alan Blumlein devel-
oped a healthy interest in steam trains, something which would remain with him
throughout his life. He used to walk to a vantage point near Swiss Cottage and watch
the trains going by for hours at a time. Having the kind of inquisitive mind that he
did, just watching the trains was not enough for Alan Blumlein. So he set about
studying the mechanics of how they worked, which in turn gave him a grounding in
mechanical engineering that would serve him well in his adult life and during his
later careers.

On 28 July 1914, Semmy Blumlein, by now a director of several public companies,
died at the age of 50 from thrombosis of the pulmonary artery. Jessie Blumlein was
at his side when he passed away. It was a great shock to the young Alan Blumlein,
who determined that he would help his mother by condensing his education and
making something of his life. The problem was that Alan Blumlein, despite all his
expertise in mathematics and the inquisitive mind, which had served him so well up
until now, could still hardly read at the age of eleven. As a child, he liked to have
stories read to him about trains, anything and everything about trains. It may well
have been this interest, coupled with the death of his father, which finally drove him
to the realization that in order to progress he would have to get down to some
serious reading. Alan Blumlein therefore finally learned to read.

It is a testimony to the kind of mind that he had, for within two years of not being
able to read anything other than rudimentary passages from text books, Alan
Blumlein could read well enough to win not one, but two scholarships. He was
offered places at both Aldenham and Highgate Grammar Schools. It seems that his
mother had also realized that her son had some catching up to do if he was ever to
get into higher education. She sent Alan to a ‘cramming’ school called Ovingdean
which was near Brighton where several years worth of catching up on reading and
writing were packed into a period of about twenty months. Alan learned to read and
write, though for the rest of his life his spelling ability wavered between plain bad
and atrocious.

In later years Alan would recall for Doreen, his wife, how unhappy this time was for
him. Though he knew only too well how important it was to study and cram his edu-
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cation, the time spent at Ovingdean was during the First World War. Alan Blumlein,
having a Germanic sounding name was subject to much taunting and bullying by his
fellow pupils. This was quite common in Britain during this time, with many people
of German origin picked on or even attacked because of their names. It was during
this time that the British Royal Family, who had mostly originated from Germanic
ancestry, changed their name from Saxe-Coburg to Windsor because it sounded
British.

The hatred of the words levelled at a completely innocent Alan Blumlein during
this time caused him to became quite reclusive and introverted. He tended to bury
himself in his work, rarely taking part in activities such as group sports. Throughout
the remainder of his life, Alan Blumlein would show little interest in team sports
such as cricket, soccer or rugby. He did swim however, a solitary activity. Blumlein
found swimming exercise enough to satisfy the needs of a growing teenager, and
secluded enough to escape the jibes and taunts of his peers. It is ironic that his
name made him the target of such attacks. It was because of these that Blumlein
made so much time available for study, and goes some way to explaining how he
managed to catch up so fast, in so short a time.

Having won the two scholarships, Alan now had to decide to which of the two
schools he wanted to go. He chose Highgate Grammar School because it placed a
greater emphasis on science than Aldenham did. Highgate School was in fact one
of Britain’s oldest schools having been founded in 1565, during the reign of Elizabeth I,
by Sir Roger Cholmeley. It is his name that has now been given to a small region of
Highgate which straddles Highgate Hill and Archway Road. When Alan Blumlein
joined as a boarder in January 1918, at the age of fourteen and a half, there were

Figure 1.1
Alan Dower Blumilein.
(Courtesy of EMI)
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about 500 students at Highgate School. The headmaster was Dr J.A.H. Johnston
MA, DSc (who had become headmaster in 1908, and who would remain as such
until his retirement in 1936).

Dr Johnston had instigated several programmes at the school, all of which were
directed towards a greater development of scientific education for the students.
Fifth and Sixth form students at Highgate could choose from an array of scientific
studies: physics, which included electricity and magnetism, chemistry, astronomy
and biology. In every way, Highgate School was the right choice for Alan Blumlein
and it did not take him long to settle down to what became a very happy part of his
life (when he was studying).

Blumlein now immersed himself in almost total study. A contemporary of his,
C.P. Fox, recalled later, ‘He was a voracious reader who saw the manual instruction
hours of the school time-table as a welcome outlet for his practical abilities as well
as a happy alternative to aimless boredom which many of the other boys suffered.
He seemed to need little if any instruction I remember, and while other pupils were
starting to build model boats or bookshelves, but seldom finishing them, he
designed and built for himself an (electronic) balance cabinet of quite professional
excellence.’

Blumlein matriculated and entered the science sixth form of Highgate School
where he stayed until July 1921, at the age of eighteen. That summer, having grad-
uated from Highgate, Blumlein had to decide where he should go next. His first
choice was City and Guilds but it was an expensive college and so an entrance exam-
ination would have to be sat. It was an external exam rather than an internal one.
Things evidently went rather well as Blumlein not only succeeded in passing the
test, but was admitted directly to the second year of the course having been granted
a Governor’s scholarship.

City and Guilds College in London, which was one of the constituent colleges of
Imperial College, was one of the foremost centres of scientific learning in Britain
at the time and perfect for the mind of somebody like Alan Blumlein. Some years
later, again describing this time to his wife Doreen, he said that it was ‘The happiest
day of his life until he was married, when he first went to college, engineering. All
day!’

That first day in October 1921, Blumlein met Ivan L. Turnbull who had joined City
and Guilds from Battersea Polytechnic. Turnbull was also entering the second year
directly and suggested to Blumlein that they should form a laboratory partnership
and work together as all the other students who had gone through the first year’s
work had already formed theirs. Blumlein agreed and the two of them worked in
the laboratory for about three or four months until the beginning of 1922, when
Turnbull had to terminate the partnership because Blumlein was working far too
fast for him. Turnbull said that, ‘While I was still reading the instruction notes for
the experiment that we might be working on, Blumlein would have gone ahead so
that by the time I had finished reading and worked out what we were supposed to
do, he would have completed the work.” Turnbull would later graduate from City
and Guilds obtaining a MSc. He would renew his acquaintance with Alan Blumlein
as a member of the EMI research team, of which Blumlein was one of the leading
members.

During his time at City and Guilds Alan Blumlein proved a popular and likeable
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student, though ‘He did not suffer fools’, according to Turnbull. During this time,
he swam regularly, obtaining colours for Imperial College for swimming, which
remained his one passionate sporting activity throughout his life. Some years later,
he swam for the Otter Club. He even won two cups for them, but as Doreen would
recall: ‘He gave up the Otter Club because, you see, Alan wasn’t one that would go
into the bar and be hearty afterwards, you see? He enjoyed the swimming.’

He completed the second and third years of his course, though these terms were not
without their difficulties. At City and Guilds, at that time, the courses tended to
emphasize heavy engineering, while steering away from mathematics and pure
mathematics. Although Blumlein had been working with quadratic equations since
he was a child, his mature mathematic ability often left him labouring. Typically an
engineering course such as that which Blumlein had engaged in only went as far as
calculus, and not very advanced calculus at that. This caused problems for Blumlein
for a while and he needed special tutoring for a time, though he crammed enough
information again to get him through his two years of the course. Mathematics
however, would remain, for the rest of his life, one of Alan Blumlein’s weaker sub-
jects, and he would happily leave the calculations to somebody else wherever he
could.

In June 1923, he obtained his Associate of the City and Guilds Institute (ACGI), with
his first class honours BSc¢ (in electrical technology, distribution and utilization,
electrical machine design and electrical generation). His degree was awarded one
month later in July 1923, when he had just turned twenty. Blumlein was by now
beginning to show his brilliance, and it had not gone unnoticed. Following his grad-
uation, he was invited by Professor Edward Mallett of City and Guilds to join him as
an assistant demonstrator. The position, while junior, was nevertheless a great
honour for Blumlein (again one must bear in mind his age at the time). So, along
with another third year graduate, A.R. van C. Warrington, Blumlein elected to join
Mallett who was running a postgraduate course in telephony and wireless telephony.

The decision to work with Professor Mallett might at first seem an unusual choice
for Blumlein. He did have the option to carry on with his studies in postgraduate
courses such as electrical machines and transformers, or electrical machines and
traction, both of which presumably, his knowledge would be better suited to. On the
other hand, the early 1920s were exciting times in the field of telephony and wire-
less telephony. It may well have been the lure of a relatively new and exciting science
that gave Blumlein the incentive to choose the path that he did.

That Blumlein chose to work with Professor Mallett may well have changed the
very course of his life. He was in good company to say the least as fellow research
students in the electrical engineering department run by Mallett included
A H. Reeves, who would go on to join the Western Electric Company, and subse-
quently invent pulse code modulation (PCM), and Geoffrey F. Dutton, who had
already begun his work on an investigation into the properties of the electrical
reproduction of sound. Many years later Dutton would work in conjunction with
Henry Clark to write a paper for the Institute of Electrical Engineers explaining the
principles of stereophonic sound entirely based upon Alan Blumlein’s work; it may
well have even have been knowledge of the work that Dutton was undertaking that
gave Blumlein the incentive to change careers in 1929, when he left Standard
Telephones & Cables to go and work for Columbia on their recording and repro-
duction system.
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Figure 1.2

Geoffrey F. Dutton was already at City
and Guilds when Blumlein decided to
work there as an assistant to
Professor Mallett. They would be
reunited some years later when both
worked for EMI. (Courtesy of Eric
White)

Alan Blumlein worked as an assistant demonstrator with Professor Mallett from
September 1923 until September 1924, and during this time he met with and
helped several students who would later work with him at the Columbia
Graphophone Company, and who subsequently became part of his research and
development team at EMI. One such student was Eric Nind who recalled Blumlein
as:

‘A delightful man, very human indeed who had a good sense of humour and
was very good at explaining everything. He didn’t get exasperated if you did
not understand and would go through a point again and again. He had plenty
of inexhaustible patience and had a great facility for converting quite compli-
cated mathematics into very simple circuit elements.’

During the year that they were working together, Blumlein and Mallett devised a
new method of high-frequency resistance measurement and prepared the work as a
paper to be read before the Institute of Electrical Engineers (Mallett was already a
member, and Blumlein joined in 1923). The paper took some time to prepare, espe-
cially considering the fact that Blumlein’s command of English, and spelling in par-
ticular, still left a lot to be desired, with much of the mathematics probably done by
Mallett rather than by Blumlein. However, it was finally ready in August 1924, and
was originally received by the IEE on 29 September that year, at which point the
IEE’s referee commented that the paper ‘appears to have been somewhat hurriedly
put together; the authors should be asked to go carefully through it, to rectify errors
and improve the English.’

Corrections were made, and a final form of the paper given to the IEE on
5 November 1924, with the paper read before the Wireless Section of IEE on
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Figure 1.3

Eric Nind first met Alan Blumlein when
a student at City and Guilds and
Blumlein was an assistant to
Professor Mallett. Nind and Blumlein
would later work together, co-writing
several patents at EMI. (Courtesy of
EMI)

7 January 1925. The paper was considered of some importance and this was demon-
strated by the awarding of a ‘Premium’ by the Institution. The work subsequently
became part of a series of articles which appeared in Wireless World between October
and December 1925. It was the first occasion (one of only three times), that
Blumlein would be published, other than patent specifications, during his lifetime.
The first instalment of the article appeared in the 21 October 1925 issue of Wireless
World, and subsequent instalments ran each week (Wireless World later became a
monthly periodical), until 9 December 1925 (with a break during the issue of
25 November 1925, for reasons which are unknown), a total of seven parts.

However, by the time the paper had been read before the IEE in January 1925,
Blumlein had, some months earlier, already left his position as assistant demonstra-
tor with Professor Mallett at City and Guilds to take up a position at International
Western Electric (IWE), a division of the Western Electric Company of America
(soon to become International Standard Electric Corporation and following that
Standard Telephones & Cables). Mallett had evidently seen the promise in his
young assistant and realized that in order to further his career, Blumlein needed to
be ‘out in the field’ so to speak. In the autumn of 1924, Mallett approached a friend
of his at IWE, R.A. Mac, who was the head of a new engineering department which
had just opened, and had been looking for any bright young engineers that might
suit.

Mallett suggested to Mac that he should consider Blumlein for a position at IWE as
he had showed great promise at City and Guilds, and he felt sure that he would suit
the needs of the new engineering department. At first, Mac refused to consider
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Blumlein as he had a Jewish name. For various reasons, the Western Electric
Company in America would not engage Jews. As it happened this turned out not to
be the case, and Western Electric were indeed employing several Jews in America
and elsewhere at that time. Mac replied to Mallett thanking him for his offer, but
turned Blumlein down. However, Mallett contacted Mac again and explained to
him that if he did not take on Blumlein he would lose one of the best men that they
had ever had at City and Guilds on that type of work.

International Western Electric were, by 1924, deeply engaged in the research and
development of international telephone lines and exchanges, and the need for
good engineers in this field was becoming paramount to their continued success.
Telephone engineering had by then become a science in its own right, with the
systems approach dominant and, though the science itself was not exactly new
(much of it having been invented in the nineteenth and early twentieth centuries),
the application of many associated discoveries such as AC theory, were being used
as routine tools to design the telephone systems required.

These systems, in turn, were growing into networks which were spreading all across
Europe, with national networks being linked internationally through undersea
cables and long telephone lines. It was the very length of these telephone lines
which were causing much of the problem then associated with telephony as overall
speech quality across great distances was very poor. What was needed were electrical
circuits that would improve reception and transmission of the speech across great
distances.

Needless to say, R.A. Mac, at the insistence and prompting of Professor Mallett,
eventually relented on the issue of whether or not to consider Alan Blumlein
regardless of whether or not he had a Jewish-sounding surname, and decided to
offer him an interview. Blumlein must have impressed Mac at the meeting as he was
offered a position at IWE within a week. Moreover, Blumlein was offered the quite
considerable salary of £225 per annum which, when one considers that he was just
21 years of age, and fresh out of City and Guilds, bears reflection on the impression
that he must have made, the evident talent that he had, and the need that R.A. Mac
and International Western Electric had for good engineers. Alan Blumlein accepted
the offer, and he joined IWE on 15 September 1924.
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Telegraphy and telephony

work at International Western Electric (IWE), a division of Bell

Laboratories of America (soon to become International Standard Electric
Corporation and later still Standard Telephones & Cables). His salary was to be £225
per annum, quite a reasonable sum for the time considering that Blumlein, just 21
years of age, was fresh out of City and Guilds. The industry that he had joined was
about to go through a revolutionary period as telegraphy and telephony spread
across Europe at an ever quickening pace with the introduction of new long-dis-
tance telephone lines and exchanges.

On 15 September 1924, Alan Blumlein took up his first formal position of

This was therefore, an opportune time to join a company such as IWE, which was a
large company with many interests in telegraphy and telephony and was well aware
of the major changes that were taking place in its industry and the fact that they
would need to be acted upon. The company had secured large contracts for
European and domestic telephone exchanges, which were being fought for and
won by many companies desperate to be involved in this fast-growing industry.

In the United States the growth of the transcontinental telephone networks had
spread much faster than they had in Europe; this had made many of the American
companies working in the same field as IWE, such as Bell Laboratories (of which
IWE were a part) and Atlantic Telephones and Telegraphs (AT&T), very wealthy
indeed. Part of the reason why the European companies had lagged behind their
American counterparts can be attributed to the fact that many of the countries in
Europe had only recently been fighting each other in the First World War.
Nevertheless, Europe remained a long way behind America when it came to
installing long-distance and international telephone lines, large exchanges and the
research and development that was destined to improve the quality of the telephone
reception that was now so badly needed.

Alan Blumlein would eventually be placed within a team headed by John Collard,
which had been given the task of investigating the phenomenon of interference, or
perhaps more accurately, the reduction of cross-talk and interference in electrical
circuits. Initially however, R.A. Mac had not quite decided where to place his new
young engineer and so, on his first day at IWE, Blumlein would meet and immedi-
ately befriend Joseph B. Kaye (who was always known as ‘|.B.’ to friends and col-
leagues alike). J.B. Kaye was destined to become a lifelong friend of the Blumlein
family; the two young engineers would shortly decide to share expenses by living in
digs together (Kaye would eventually be best man at Alan Blumlein’s wedding in
1933). Joseph Kaye, like Blumlein was a young graduate in his first year at IWE,
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having joined the company directly from Cambridge University where he had grad-
uated in June 1923, and come down to London in October. At Cambridge Kaye had
taken a degree in science which had consisted of various subjects including chem-
istry, physics and of all things geology, though by his own admission he hadn’t done
that well.

IWE were, at that time, looking for new engineers and having offered Kaye an inter-
view, then realized that they didn’t really seem to have an opening for him.
However, R.A. Mac, who was the head of the engineering department evidently had
taken a liking to him and decided that he could make an engineer out of him
regardless. During the following year Kaye trained, working on all manner of pro-
jects that the engineering department of IWE had on the benches at the time,
before Blumlein arrived in the September of 1924.

As Kaye himself recalled many years later, Mac was at a bit of a loss of what to do
with Blumlein who, despite his evident skills which had been so useful to Professor
Mallett at City and Guilds, seems to have arrived at his new position without anybody
having considered what he was exactly to do. For that reason Mac decided to hand
over his new charge to Roland Webb, who ran the transmission laboratory and who
decided to put Blumlein and Kaye together:

‘Well, they were a bit puzzled what to do with us, because they couldn’t quite
make out Blumlein, a little difficult to assess; so they put us together as a pair
in the transmission laboratory. That was a laboratory that dealt with all the
cable work, measurements, instrumentation and all that, to fortify people out
in the field, the engineers dealing with all the cable units in Europe, where the
company had contracts: Paris, Strasbourg, Milan, Turin, Genoa, Madrid, all
that type of work. They put us underneath the control of Roland Webb.
Well, we both must of had some sort of a funny reputation, because the betting
was that Roland Webb would either cope with us or he would have a nervous
breakdown. Where our reputations came from, I've never been quite clear, but
one point that is of interest is that when R.A. Mac received the offer from
Mallet, Professor Mallet, of one Blumlein, he wouldn’t look at him. He had a
Jewish name, and I was told at the time that the Western Electric Company in
America, the Bell Labs would not engage Jews. Why, I have never known. It was
not correct because in my own particular field there was Fondiller and we had
celebrated three coil-loading systems from a Fondiller and Shaw Patent in Bell
Labs. I think [he] was a Jew, I met him, and what a charming man. Now, we
both took to one another, Blumlein and I, possibly because we seemed ... oh
perhaps I should add that Mac did, under pressure from Mallet to some extent,
who told Mac, if he didn’t take on Blumlein, he was going to lose one of the
best men they had ever had at all in City and Guilds on this type of work.
Anyway, Mac took him on, but we were still a bit of a puzzle. The result was that
we worked on all sorts of strange things, odd testing things, off the normal
routine.’

During that first year at IWE, Blumlein and Kaye did indeed work on a manner of
‘odd testing things’, including the first examples of the metal permalloy which
Frank Gill (later Sir Frank Gill), who was then head of the European engineering
department, brought over to them in order that they might investigate its various
electrical properties. It was during these tests that Kaye recalled probably the only
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time in their working career when he had been quicker to deduce the answer to a
problem than Blumlein had:

‘It was the only time that I can ever recall beating Blumlein to the punch, that’s
why it stuck in my memory. We were testing with a ballistic method, co- and tra-
versal, in a toroidal coil, which we’d wound on the permalloy sample. It was
permalloy tape only about four or five inches in diameter, just wound up and
then round, on which we put the two inductive windings and that was a classic
test.

We then reversed the counter one way, and we had a ballistic galvanometer
at the far end on the other winding, so when you reverse a current the light
reflector type galvanometer flashed across the screen. You then took the
maximum deflection, and it would vary in current, you altered the volt,agé,
actually across the winding, and then you reverted a current reversal and
plotted a curve, which gave us the well known hysterisis type of curve.

Well, we’d finished the tests, I was the one who would normally do that work
itself, and when Blumlein was with me, we were both at it and he said, “Oh
good Lord, we’ve forgotten one thing. That this stuff has a very high perme-
ability and it would easily saturate in the earth’s field, and we haven’t taken
account of the earth’s field”, he said, “I’ll go and work it out”.

So, he sat down at a desk, and nearly half and hour later, he came along with
his results and told me “It’s perfectly all right, it doesn’t affect it because its a
toroid”, and I said, “Well, as a matter of fact I'd found that out within ten
seconds of you sitting down to start working that out”. “Really?” he said, “How?”
and I said, “Well, I put the coil in my hand and twisted it smartly...” the earth’s
field was there of course, cutting the coils and everything else, “...and it didn’t
deflect the galvanometer one iota, therefore it was having no effect at all”. So
that was it, but that was the only time in my recollection that I ever beat him,
and [ beat him by half an hour roughly.’

Blumlein and Kaye were given all manner of other items to test including an early
highly pumped vacuum cathode ray tube and various items sent over from Bell Labs
in America including an audiometer which could be used for testing the sensitivity
of the human ear:

‘It simply was an oscillator with an attenuator accurately calibrated for the
output, and the person to be tested wore phones, and had to press a button as
soon as it became inaudible. Though we had a tell-tale on it too, so we could
render it inaudible at any time we wished during the course of the test, just to
make sure that the victim wasn’t fooling himself.

Anyhow, it worked, we took the ear characteristics of everyone we could find,
ranging from the typing pool people down the line and all over the place, and
we got an average ear. From that, Blumlein then did something that was
absolutely typical, he calculated a network that would respond to the average
ear, in other words, you put sound in and it behaved as if the average ear would
and it gave you a reading out on the output end. The great feature was this, this
is what he was after, all measurements in those days were done primarily by lis-
tening, a pair of headphones and so on, but you could have one of these things
on a cable system which was being tested, and you could check through miles
and miles of cable or, of course, through a dummy cable in a box, an artificial
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cable, and do measurements of that nature which gave us much more accurate
results.

I don’t know how far it was used, but anyway that was the principle, and of
course the principle is used in this day in many fields, but the thing was he did
the electrical equivalent of the sonic characteristics of the human ear, having first
of all, soméwhat arbitrarily determined the human ear’s response from a large
number of measurements. In the course of that exercise, we had to make, for the
network, resistors of very low value, milli-ohms, and they had to be accurate.’

Though the work being done by both Blumlein and Kaye in the transmission labor-
atory may well have seemed somewhat arbitrary in its organization, it was however,
to have far reaching consequences in the months and years to follow. As the various
tests were carried out using the audiometer to calculate an electrical equivalent of
the sonic characteristics of the human ear, Blumlein began to lay the foundations
for the work which would eventually lead to his first major invention in 1926, and
to the first of his 128 patents in 1927.

It is fact (though none the less one of the many curiosities about the life of Alan
Blumlein), that he rarely wrote in any great detail about his work and, therefore had
such a small quantity of his own work published. As has been established, he had
always found academic subjects which did not interest him in the slightest, such as
writing, far too time consuming, and therefore did not consider dedicating the time
required to publishing his works. His entire contribution to technical literature
actually amounts to just two papers for the Institute of Electrical Engineers, the first
of which he co-wrote with Professor Mallett in 1924 (it was presented in 1925, and
published later the same year), and the second in 1938.

He would say himself, some years later, that he was always too busy to think about
writing, which is very probably the case; but the plain fact is that coupled with the
secrecy that surrounded some of his later work on radar, as well as the fact that some
of his work was misunderstood by his peers until quite some time after his death,
very little of the enormous amount of work which can be attributed to Blumlein has
been fully or widely appreciated. Despite this aversion to writing, even Alan
Blumlein realized quite early on in his career, that publishing your discoveries was
one path to recognition among your peers and a chance to further a career.
However, it is doubtful that such fanciful notions interested him in the normal
manner, as Blumlein was not an ambitious man in that way.

Strangely then, having worked with Professor Mallett on their paper entitled ‘A New
Measurement of High-Frequency Resistance Measurement’ (which had created the
first real interest in the young engineer when it had been presented to the Institute
of Electrical Engineers in 1924), Blumlein now decided that perhaps this might be
a worthy first article for publication. The paper had in fact won the IEE’s ‘Premium’
award for innovation and, very probably IWE, perhaps realizing that they had a valu-
able prodigy on their hands, encouraged Blumlein to publish some of his work.

In 1925, the most widely read publication for the electrical engineering industry was
Wireless World. In conjunction with Norman V. Kipping (later Sir Norman Kipping),
a colleague at IWE, who actually drafted the work, they approached Wireless World in
June 1925, with an article entitled ‘Introduction to Wireless Theory’. The piece was
intended to outline the potential of what electricity could do, rather than what it
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actually was, to an elementary-level readership, who were fascinated by the seem-
ingly boundless possibilities of electricity and magnetism, and it was written in a very
basic, easily digested manner.

Wireless World was interested enough in the piece and decided it could be run as a
series throughout the autumn and winter of 1925. The first instalment of the article
appeared in the issue of 21 October 1925, of Wireless World and subsequent instal-
ments ran each week (Wireless World only later became a monthly periodical), until
9 December 1925, a total of seven parts (there was a break during the issue of
25 November 1925, for reasons which are unknown). These seven parts were titled
weekly: ‘Elementary Principles of Magnetism and Electricity’, 21 October 1925;
‘Power and Energy in Electrical Circuits’, 28 October 1925; ‘Series and Parallel
Connections of Batteries and Resistance’s’, 4 November 1925; ‘Magnetism and
Electromagnetic Induction’, 11 November 1925; ‘Electrical Condensers and
Alternating Currents’, 18 November 1925; ‘Inductance in Alternating Current
Circuits’, 2 December 1925; and finally, ‘Capacity and Inductance in Alternating
Current Circuits’, 9 December 1925.

Compared to the later works for which Blumlein would be responsible, the article
is somewhat basic. Perhaps this is to be expected from somebody who, until then,
had only had to write large pieces of text for his degree, and who was after all not
the most accomplished of writers at the best of times. In fact, throughout his life,
Blumlein had always to work hard to dedicate himself to the time needed for actu-
ally writing down the details of his works, especially those of his later patents. He was
much more likely to keep notes on scraps of paper, the backs of envelopes or any
piece of paper that came to hand, and even then he regularly put these in his
pockets and would forget about them; certainly he adopted this rather than a neatly
kept series of diaries of his progress.

The article ‘An Introduction to Wireless Theory’ is written in what can only be con-
sidered rather elementary terminology, with the series covering subjects such as
electromotive forces, conductors and insulators, electrical resistance and potential
difference. As the article develops the subjects do become a little more detailed and
Kipping and Blumlein eventually discuss potential gradient, series and parallel con-
nections and the actions of a condenser. Blumlein’s dislike of mathematical formu-
lae is quite evident throughout and very little is used to demonstrate anything other
than the most basic principles.

Only in the final article of the series, dated 9 December 1925, do Kipping and
Blumlein delve into what might be considered anything more than elementary elec-
tronics when they discuss capacity and inductance in alternating current circuits.
Indeed, the editor of Wireless World felt obliged to include a small explanation box
within this particular article, pointing out that: ‘In this, the concluding article in the
series, the authors explain the principles underlying the tuning of wireless receivers.
In previous articles... [they] have dealt with all the more elementary aspects of elec-
trical theory, and form an excellent introduction to the technical articles appearing
from time to time in the pages of this journal.” One gets the feeling that the editor
is almost apologizing to the reader for having published an introductory article
which has, by the final instalment, become rather more specific requiring a higher
degree of knowledge.

It is debatable exactly what can be determined from this first published work by



Telegraphy and telephony 15

Blumlein and Kipping. While Wireless World was undoubtedly widely read and could
certainly be considered one of the foremost journals of the day, it has to be said that
it would probably not have furthered either’s career very much. Certainly the
article, even though it was published at a time when Blumlein had just turned 22,
can only be thought of as elementary and, considering the calibre of the work that
he would be publishing in the next few years, the piece is probably written to be
deliberately simplistic. One can be tempted into thinking that the article had in fact
been conceived by Kipping with technical expertise added from Blumlein and
indeed this may well have been the case, though no corroboration on this can be
found from either Blumlein’s or Kipping’s notes to my knowledge.

Certainly the style of the writing, while undoubtedly edited by Wireless World, does
not read like later Blumlein texts which are far more articulate, precise and deal
with subject matters well beyond those encountered in the Wireless World article.
Whether Kipping and Blumlein determined that the journal needed an introduc-
tion of this nature or they were commissioned to write on the subject is also open
to speculation. At this distance, no records exist at Wireless World in its current form
which can be used to shed light on the matter, though needless to say, Blumlein did
continue to have his work published, he neither co-wrote with Kipping or used
Wireless World again.

In the meantime, Blumlein and Kaye had a rather jolly time working, so it would
seem, very much to a schedule of their own making, on any and every apparatus that
came their way or, indeed for that matter, which they could lay their hands on. In
some cases this did not necessarily belong to them as J.B. Kaye again recalled:

‘We had a bridge in one of the laboratories. We were then working not in the
laboratory that was in general use, but in one of our own which was used under
the control of E.K. Sandeman. Anyway, Blumlein and I were by ourselves, busily
working on the resistors, and we got it down to as accurate a point as we could,
and this bridge was of the post office box type which had plugs to adjust the
ratio arms and the value against which you were checking your resistor.

Now it also had two keys, one put the power on, you press that first, and the
second on (the second press button), put the galvanometer into circuit. That
was really to enable you to get somewhere near your balance point, and then
you really brought it in. I can’t remember whether there was a rough guide to
balance or not. Anyhow, we got it down, and the laboratory voltage we used had
batteries, car batteries, and the normal voltage in the communications field in
those days was twenty-four volts.

He suddenly said, “Good Lord, itisn’t accurate enough, we must get it really
accurate”, we were just scratching at copper wire to get the thing to the right
value, he said, “More volts, that’s what we need”. So we slapped on another
twelve volts, pressed the bar button, there was a loud “whooomppppth”, and
then smoke started to emerge from this celebrated and expensive bridge.

We hastily disconnected everything, carried it out through the swing doors
onto the fire escape. There was a light well at the back of Connaught House,
and the other half opposite us was occupied by the Air Ministry. So, they had a
vision of two very young engineers emerging through the fire escape, with a very
expensive looking box that was puffing out smoke. Well, we were a bit shaken.

Anyway, we let everything cool down, and then we unscrewed the lid; well,
there was a funny smell coming out of it as well as smoke by that time, and these
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resistors were coloured with what looked like carbon. It had a fabric-textile
insulation, but luckily you see, they were the resistors against which we were
balancing a resistance of milli-ohms and they were the ones that had very low
resistance, which meant that they were pretty good thick wires, and we could
hardly believe it when we cleaned the bridge up inside and then quietly took it
elsewhere, away from observation, and measured the standards in the bridge
by means of another bridge with equivalent accuracy, and found that it hadn’t
been damaged at all. So, I’m still wondering where that bridge is, because we
put the lid on and screwed the screws down and that was it, but you know it
caught us out badly that time.’

The recollections of ].B. Kaye give an insight into the kind of man that Blumlein was
at this time and, perhaps more specifically, the lighter side of his nature. Alan
Blumlein enjoyed practical jokes and clowning around as much as the next man
did, and, on several occasions subjected a victim or two to the pranks that seem to
have been carried out regularly at IWE:

‘We managed to bring a little lightness into the place. Blumlein was a natural
clown and, I’'m told I was too. That’s possibly not immediately recognized; they
(IWE) were a bit puzzled over it when we arrived. You would find, for instance,
with one of the laboratory oscillators, audio oscillators, that Blumlein found
that he could play the opening bars of Peer Gynt on the oscillator. We always
came to a gap, and we never got over that gap because he would be working on
the opening bars and I was trying to cover the gap, but I didn’t have three
hands and couldn’t quite get the frequency that was required.

We also had one or two experiments in dynamics. The laboratory in the
offices were all equipped with these desk chairs that would rotate and, unlike
the modern ones, these would really spin. You could adjust the height with a
great bit-screw-thing at the bottom, so, we would lower it, then persuade some
innocent victim to come and take part in the experiment.

The victim would be persuaded to sit in the chair, stretch his legs out forward
and his arms out sideways as far as they would go, and then give him the spin.
We would spin it very hard and he’d been instructed that, at a signal from us, he
should draw in his arms and legs quickly. Well, when he did that, he hadn’t real-
ized what would happen of course. The speed of rotation accelerated tremen-
dously. I forget which law of dynamics it is that covers the situation, but the
speed was really quite dramatic and, in at least one case, the occupant of the
chair came flying out, and landed across the lab. That was quite interesting.’

Of course there was serious work to be done as well, and the primary function of the
engineering departments in which Blumlein and Kaye were a part of, was to deter-
mine which were the elements of electrical interference in telephone circuits that
could be damped and to what degree. The cables worked at audio frequencies only
and each cable contained many pairs of wires. These in turn had to be prevented
from inducing cross-talk between one pair and another and also from picking up
any interference from external sources such as the transients on the power supplies
of electric railways. The need to improve the quality of communication of telephone
systems was essential to the growth of national telephone networks which were
becoming linked together and which, in turn, were linked to international tele-
phone networks. The problems of extremely long wires, compatibility, overall
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speech quality and the delay time of the voice carried across such distances became
more and more apparent the further the lines were spread.

Various departments had been set-up at IWE to investigate interference from power
cables and the many and various pieces of electrical equipment used in telecom-
munications. The principal method for testing at that time was ‘balancing’, which
involved arranging each pair of wires in a given cable to receive equal signals from
the interference source (once it had been established of course). The capacitances
then had to be measured for each wire in the cable and its near neighbours and this
needed to be done for the entire length of the cable after it had been laid, but
before each length of cable (usually 100 to 200 yard-long lengths), were joined up.
As you can imagine, this testing process could require thousands of measurements
of capacitance to be carried out in all conditions open to the elements and to within
an accuracy of a few picofarads.

Perhaps it should also be pointed out that by 1925, the principal business of
telecommunications technology had become very much a science, but obviously the
testing procedure hindered the expansion of the telegraphy and telephony indus-
try because of the time it took to test these cables for interference. It became appar-
ent therefore that with the ever-growing need for international telephone
exchanges the problem of line interference was one that had to be solved quickly
and efficiently.

The European engineering department, headed by Frank Gill, was being run by
John Collard, who had, for some time, been working on a series of projects that
were designed to solve the then very serious problems associated with interference
in long-distance telephone cable. Blumlein was beginning to get a bit of a reputa-
tion around IWE as a man who was determined to get a task solved, and Collard got
to hear of this. He decided to take Blumlein into his team not only because he had
shown an aptitude for electrical engineering and circuit design, but for problem
solving as well; his reputation for being stubborn to the point where he almost took
it personally if a problem could not be overcome, meant that he was just the kind
of man Collard needed for the interference project.

Initially the project was based around a series of interference tests mostly conducted
in the laboratory, though some were performed in the field. Blumlein spent much
of the remainder of 1925, and the early part of 1926, working from the Aldwych
offices in London, of the newly renamed International Standard Electric
Corporation (International Western Electric had changed name in early 1926). His
work, which was at that time just a small part of the many experiments that were
taking place in the European engineering department, now included interference
tests on all manner of electrical devices which International Standard Electric
Corporation (ISEC), regularly delivered to the laboratory. This included comple-
tion tests on intercity telephone lines which involved measuring the returned signal
strength over long distances and comparing these with the known transmitted
strength to determine what degree of interference had taken place.

European trips, flying lessons and patents

In May 1926, the General Strike presented an intriguing chance for Blumlein to
enjoy another favourite pastime of his, that of trains and railways. As a child he had
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stood for hours at a time, watching the steam trains as they passed from a vantage-
point near his home, or at St John’s Wood Station. Of course, during the days of the
strike, it was essential to keep the railways going to supply the country with food and
coal, and they were run by volunteers. Blumlein, Kaye and another colleague from
ISEC, D.L.B. Lithgow, all decided to volunteer to help with the railways. The IEE
had declined to have any connection with the strike because they were not allowed
to take part in any political activity, but an office had been opened at Savoy Hill for
engineers who might help in manning the communication networks.

So, Blumlein, Kaye and Lithgow went to notify the head of the engineering depart-
ment at ISEC that they wished to volunteer for this duty, but were promptly told that
as they were part of an international company, and therefore in effect they had ‘no
nationality’, their only loyalty was to the company. It was also mentioned that they
need not expect to have a job waiting for them when they came back if they insisted
on going. As Kaye later explained: ‘It wasn’t as though it was the sack because
nobody knew how the strike was going to end, it was just the point that if we went
into this activity, if there were to be any redundancies, they would be ours.’

Regardless of the warning, they decided to go anyway as the Government was calling
for volunteers, especially engineers, and so having been instructed to go to Euston
Station, they were told that their job would be to keep the telephone exchange at
Euston working. Once they had arrived, they discovered that the switchboards were
not in very good condition, the cord circuits had broken down and so on and, while
there were girls operating the switchboard during the day, their job entailed taking
over from eight o’clock at night until eight the following morning. So, during this
time they set about wherever they could replacing the cord circuits, and so Alan
Blumlein, ].B. Kaye and D.L.B. Lithgow kept the Euston station telephone exchange
running during the General Strike of 1926.

Luckily the switchboard was not a big one, perhaps four or five full size boards, but
at times it was very busy and at one point they saw something that none of them had
ever seen before and that was the complete telephone exchange with every calling
light on. At the end of the strike on 12 May 1926, without wishing to sound con-
ceited, ].B. Kaye said: ‘that switchboard, or the switchboards in that exchange, were
working at a level of efficiency, technically, that had never previously been
achieved’. During the days of the strike the railway company paid them a weekly
wage [or what they were doing, and on 13 May, which was the day after the strike fin-
ished, they were called in to make sure the boards were all right. When they went to
the office they found that they were received with open arms, the railway company
had told ISEC how pleased they were with what had been done, and International
Standard Electric Corporation were tickled pink because they were very anxious to
be on good terms with the railway company because of the prospect of getting sig-
nalling equipment contracts from them. So, in the end they had been paid by the
railway company, ISEC who were employing them during the day ended up paying
them their full rates of pay and, to cap it all off, some of the railway companies paid
a bonus to them and gave each a medal for the work that they had done.

It was around this time that all the work which Blumlein had earlier carried out with
Kaye on the audiometer, and the subsequent frequency network tables which he
had collected and calculated to devise an electrical equivalent of the sonic charac-
teristics of the human ear, would finally come into its own. Blumlein used his system
on the many different types of cables being used, and was able to check through
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miles and miles of it obtaining results that gave a fairly good representation of the
frequencies that the human ear would pick up.

The work that had been done in late 1925 and early 1926 would become the basis
for the first patent that Blumlein would file with another of his colleagues in the
European engineering department, John Percy Johns. It was Johns and Blumlein
who conceived the idea for ‘A method for reducing mutual interference between
channels (cross-talk) in long-distance telephone cable systems’ (eventually to
become Patent No. 291,511), and they were certain that much of the interference
that was being produced was as a direct result of the three-coil inductively loaded
cables that were being used at the time.

Long distance telephone systems were being developed which used a modulated
carrier frequency in which the conversation would be shifted into separate fre-
quency bands. However, these would not be available for a number of years. In 1926,
the conversations were still being carried along the telephone lines at the original
speech frequency. In order to equalize the signal velocity over the entire frequency
band, the cables (which were formed into what was known as ‘quads’, that is, four
wires, one pair of which form the side-circuit while the other pair form a phantom
circuit) were inductively loaded by three-coil units and were the source of much of
the cross-talk.

Blumlein and Johns studied these three-coil units, identifying each of the cross-talk
characteristics and its source with great accuracy. They realized that one of the
major reasons for the cross-talk was the capacity imbalances between the various
component parts of the quaded circuit, including the wires, coils and connecting
wires with the resistance and inductance unbalance of the windings, with mutual
inductance between the circuits also contributing. The result of this work was the
idea to rearrange the windings to concentrate the imbalances at the point of con-
nection, and then to deal with each connection and imbalance individually. The
capacities to core of the inner layers of the windings would therefore be concen-
trated at one side of the coil (as regards the lead-in wires from the cable). It was
then a simple matter to effect a balance at one point by means of condensers or
pairs of wires, the mutual capacities between wires of each pair forming the balanc-
ing capacities.

Once it had been found that these capacity unbalances were being caused in the
phantom coil by the capacities between the terminal wires on the coil and the outer
layers of the windings which they embraced, the terminal wires and connecting
wires were brought round the coil so that the capacities between them and the outer
layer of the windings were balanced. Blumlein had invented a measuring set to meet
the conditions that the test engineers would have to encounter working in the field
which consisted of a capacitance bridge in which the ratio arms were the windings
of a mutual inductor basically a transformer. The method worked, so well in fact
that it was used in its various (improved) forms until very recently, only the advent
of digital/optical telephone systems making it obsolete.

International Standard Electric Corporation were naturally very pleased with this
important development, which not only greatly improved the quality of the tele-
phone systems that they were installing all over Europe, but cut down enormously
the time taken to test for interference by the teams of engineers in the field, thereby
saving the company enormous sums of money. Blumlein and Johns had shown that
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with accurate analysis of a problem it could be narrowed down and overcome, and
their persistence was rewarded in September 1926 with a £250 bonus, practically a
year's wages at the time. With the money, Blumlein decided to buy a motor car, a
bull-nosed Morris, and this little car was to give him a great deal of joy as, once again
J-B. Kaye recalls:

‘Again, his experimental interests came well to the fore. He came in
to the office one day, and told me, “I’ve discovered an interesting way of skid-
ding. I can get round the Marble Arch quicker than anyone else. What you do
is, get your wheels in the gutter, and then you accelerate. If you can control
your speed...” this can only be done really on a wet day. “...you can keep it just
within that periphery...” the sort of ground on which the Marble Arch was
standing. “...If you overdo it, you’re liable to become detached, and go side-
ways.”

So he took me off to demonstrate it around Russell Square. It was quite fas-
cinating, a bit nerve-racking for the passenger though. I gather that one night,
a wet night, he was using this technique in Wigmore Street, and I think he was
turning down one of the side streets, anyway, he did become detached. He
broke away right across the road and got stuck into a paned glass window.
Another event, he was coming to the office one morning down the hill from
Hampstead towards Camden Town cruising at a pleasant pace, and suddenly
he saw a wheel pass him, a motor car wheel. He was still carrying on normally
and just thought, “somebody’s lost a wheel, what fun!” This wheel went career-
ing on, and to his horror he looked in the mirror and saw there were no other
cars on the road behind him which could have possibly shed a wheel. He came
to the logical conclusion that the wheel had come off his bull-nosed Morris,
which it had. It shot down the road, struck the kerb, went straight up in the air
and landed in somebody’s front garden. Meanwhile, Blumlein, with consider-
able skill, he could think very quickly on all occasions, brought that car to rest
by careful braking, and steering until it came to a stop and sat down on the
brake drum.

Another time, it was when he had the car and we were living in the digs, we
set off one morning for the office, and drove along the Embankment, when he
said, “I'll have to get some petrol shortly”. Suddenly a policeman stepped out
in front of the car, the usual manner of those days, and signalled us to stop,
exclaiming, “You have been timed over the measured furlong and you have
exceeded the speed limit”. Blumlein, with a broad grin said, “If I hadn’t run
out of petrol on that furlong I would’ve done it much quicker!™

Blumlein’s driving would become legendary in the years that followed. He would
think nothing of explaining a complicated engineering problem to whoever was in
the car with him by drawing it on the windscreen - as he was driving!

It was around this time that ISEC put Blumlein in charge of his own team which had
the responsibility of developing yet more analytical processes for improving the per-
formance of the system, and it was through this team that several other major break-
throughs were to be made. It was because they had carried out such detailed and
accurate analysis that Blumlein and Johns had been able to improve the interfer-
ence in the ISEC telephone system, but this had posed another problem which they
could not have foreseen. In order to carry out the development it was necessary to
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measure very small differences in impedance, far smaller in fact than any of the lab-
oratory test equipment which was available to them could accomplish.

To Blumlein, ever practical, the problem was simple: an accurate tool did not exist,
so they would have to invent one. The existing impedance bridges of the type avail-
able to Blumlein and Johns had two major problems for the type of measurements
that they wished to carry out; firstly the ratio arms were insufficiently precise; sec-
ondly, they were affected too much by stray shunt capacitances. What was required
was a bridge that could measure direct capacitance between two conductors regard-
less of capacitances from them to earth. The original form of the bridge which he
came up with, was called ‘the closely coupled inductor ratio-arm bridge’ (this would
eventually become Blumlein’s second specification, Patent No. 323,037).

At first, this looks to be a conventional AC bridge network and a deceptively simple
device, but this is perhaps the beauty of the method which Blumlein came up with,
for the unit is capable of measuring capacitance across both arms of the bridge with
a great degree of accuracy. Blumlein’s idea was that by the close inductive coupling
of the two ratio arms of a bridge, you can bring the three terminals of these arms to
very nearly the same potential and so, by connecting the centre terminal to earth,
automatically get rid of the effects of earth-capacitance at all four corners of the
bridge. Bridge networks in general have most difficulty in realizing that ‘at balance’
the connections are effectively at earth potential. This means that because there is
no potential difference across them, any capacitance admitted across the bridge has
no effect, and cannot therefore be measured.

Blumlein overcame this problem by using bifilar winding (the start of the two wind-
ings is connected together, instead of one start being joined to the other finish)
making the two coils occupy substantially the same position as their iron core. In
this the construction of the bridge automatically achieved a 1:1 ratio with a much
higher degree of precision and constancy than any conventional resistance arm. At
balance then, the close coupling now ensured that there was no potential difference
across either ratio arm and therefore even small admittances across them can be
measured in the presence of much larger capacitances to earth.

It was a quite brilliant design and, in the years that followed would be exploited in
all manner of applications, though curiously at first ISEC did not produce large
numbers of the bridge. This was probably to restrict its use by their competitors such
as the Post Office who were still using the Schering bridge with a Wagner earth
many years after Blumlein's patent had been first published. While the Post Office
must have been aware of Blumlein’s patent, they probably did not appreciate quite
how important it was, possibly due to this restricted production run.

By now Blumlein and Kaye were sharing digs together in Hampstead and, as both
men were very fond of dancing, they often used to go to the Chelsea Arts Ball
together. On one occasion however, Kaye had stayed in and Blumlein had gone out
with some other friends and had evidently not arrived home again until the very
small hours of the following morning. When Kaye got up in the morning and
walked down to his bedroom, banging on the door to make sure he was awake, there
came a groaning sound from within followed by, ‘I do feel ill, I feel terrible.” ].B.
explained,

‘Well, of course, he was suffering a bit of a hangover, although I'd never known
him the worse for liquor, but I think he was just whacked out and had had a
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merry evening and that was it. So I said, “Well, I think you better stay in bed”,
and he said he felt rather like it, and didn’t feel at all like getting up. I said
“Righto. Leave this to me and I’ll tell your boss”, who was at that time John
Collard, who always seemed to me to be a sad type of individual. I went trotting
along to the office and went and saw Collard, and I said to him, “Blumlein
won’t be coming in this morning, he’s a bit off colour”. “Oh dear”, he said, “I'm
sorry about that, what’s the trouble?” I said, “Well, he looked very pale to me
and I think he’s suffering from a stomach upset”. “Oh dear...” said Collard,
“...and he’s in digs?”

Now Collard, I think, was a man who had never lived in digs as far as I can
make out, and therefore had great sympathy for those that had to live in digs,
and, as he thought, rough-it. Anyway, so I laid it on a bit, and Collard said, “Is
he having a doctor?” I said, “No, I think a little rest will do him good”, and elab-
orated on this theme a little bit. Anyhow, I overdid it you see, and Collard was
going to go round himself. Well, as I had persuaded him not to go, I'd finished
saying my piece, and suddenly the door opened, and in walked Blumlein as
cheerful as a lark, grinning all over his face.’

In late 1926, John Collard decided to take Blumlein on the first of a series of trips
around Europe. They were going to sort out the interference problems in some of
ISEC territories abroad. The company had interests in many European countries at
this time and so Collard, seeing the potential in young Blumlein, included him in a
team of engineers who were taken abroad to improve the telephone systems in
Strasbourg and Paris in France, Madrid in Spain, Milan in Italy, and Geneva and
Lausanne in Switzerland. One interesting advantage to all this foreign travel that
Blumlein soon discovered was that he could indulge his passion for trains and rail-
ways. During the time that he and Collard were laying telephone cables across
Switzerland, they found that the geography precluded following any kind of straight
line in the valleys and the only way to lay the cable was alongside the Swiss AC rail-
ways.

These were mainly the sixteen and two third cycle, fifteenth K, Swiss railway system
which were working on the same voltage in the 1920s as they do today; and we know
that Alan Blumlein took a great interest in this because years later his son Simon
(who incidentally also has a passion for trains and railways), came across his records.
Among these were photographs of engines that Alan had taken in the mid-1920s,
and were identical to pictures that Simon had taken in Switzerland when he had
become interested in Swiss railways, decades after his father had died. The laying of
the telephone cables alongside the railways tracks caused interference from power
circuits since, on some routes such as that over the St Gothard, the power lines for
the railway system ran in very close proximity to them. This caused interference
associated with the starting, acceleration, deceleration and stopping of the electric
locomotives themselves.

Blumlein’s work in overcoming this interference was evidently very highly thought
of by the Swiss engineers and, in a report from H. Melling (who was associated with
some of the work being done in Switzerland), the following account was given: ‘I
learnt at first hand from Swiss engineers of all grades in the Cortaillod and
Government organisations what they thought of this brilliant young English scien-
tist engineer. They were almost as much impressed by his physical determination
and endurance as by his technical genius and tenacity.’
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Figure 2.1 In 1927, Collard (standing outside the car) and Blumlein travelled to
Switzerland for ST&C to carry out coil tests on the level of interference in power lines
which followed the route of the Swiss electric railways.

The ‘grand tour’ of Europe kept Blumlein away from the office in London for some
considerable time and, while the result was yet more accumulative data for his inter-
ference tests (which in turn resulted in successfully reducing the interference in all
the telephone systems that the team went to), it did mean that long periods were
spent out of England. Blumlein appeared rather raw at first, Collard later recalled;
it was nevertheless his first trip overseas and young Blumlein, unaccustomed to the
vagaries of diplomacy, must have seemed somewhat innocent and ignorant to the
worldly Collard: ‘When he joined he was a difficult person to take to meetings, espe-
cially in other countries. He could be gauche and he could be very rude. He had no
patience with anyone less brilliant than himself. He would work all hours himself
and was quite irritated with anyone else who, for personal reasons or just for plea-
sure, would not join him. In time, however, he lost some of his aggressiveness and
acquired a certain amount of tact.’

The picture that Collard paints of Blumlein is vastly different to that given by
J.B. Kaye and other friends and colleagues later on in his career. While everyone
who knew him would say that Blumlein was indeed a workaholic and subject to
impatience with those he considered to be fools, it is also the case that he had infi-
nite patience with people at times. Provided they were trying hard enough to under-
stand the problem at hand. His time as an assistant to Professor Mallett is a good
example of this and, much later at Columbia and EMI, he would spend a great deal
of time with junior members of his team explaining things. Blumlein too had a
lighter side to his character which had all the elements of tomfoolery and practical
joking. However, it would seem that Collard was not a party to this side of his nature.
It is perhaps the case that Blumlein and Collard never quite saw eye-to-eye on
certain subjects. Indeed, there may well have been a little professional envy on the
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part of Collard. If this was the case, it never came out in the open and, indeed years
later, Blumlein would call upon his former travelling partner to come and join him
at EMI.

Because of his extended visits to Europe with Collard, this might well account for
the fact that Blumlein’s first patent was not applied for until March 1927 when he
got back, though the work had been completed in mid-1926. Certainly, Blumlein
was far too busy with his inventing and the application of his inventions, to concern
himself with such time-consuming trivia as publishing. Thankfully, Standard
Telephone & Cables (as ISEC had now finally become), had seen the potential of
both the method for reducing mutual interference between channels in long-dis-
tance telephone cable systems, and the closely coupled inductor ratio-arm bridge,
and it instigated the application for the first of Blumlein’s eventual 128 patents.

Applied for in the name of Standard Telephones & Cables, Columbia House,
2 Aldwych, London, British Patent No. 291,511, it is titled ‘Improvements relating
to Loaded Telephone Circuits and particularly to the reduction of Cross-talk
therein’. The specification was applied for on 1 March 1927, and accepted (com-
pletely) on 1 June 1928, listing Alan Blumlein and John Percy Johns as the inven-
tors. During the remainder of 1927, no further patents were applied for by Blumlein
or ST&C, though undoubtedly the work leading up to the solving of the problem of
the cross-talk in the telephone cables had been a direct result of, or resulted in the
invention of Blumlein’s second patent, the Blumlein Bridge. The reason that no
further patents were applied for in 1927 is probably that Blumlein and Collard had
spent alarge portion of the year travelling again. There simply was not enough time
for Blumlein to write down the necessary details for the patent application depart-
ment of ST&C to produce the specification in order that it could be applied for.
Blumlein, as usual, had not yet written his work in any format capable of being pub-
lished.

Figure 2.2 Detail from Blumlein’s first patent, No. 291,511 (1927), written with John
Percy Johns.
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Figure 2.3

Detail from Patent No. 291,511
(1927) showing a cable
cross-section.

From 4 November 1927 to 1 December 1927, Blumlein and Collard were at Amsteg
carrying out a series of tests on the Altdorf-Gothard cable, which was the main tele-
phone link over the Alps into ltaly. This was a classic test route for any telephoune
interference and Blumlein spent a great deal of time considering the problems
which they encountered on this particular cable. Upon his return to England, he
wrote a 35-page memorandum called ‘Balancing to sheath on the Altdorf-
Goerschenen cable’, in which he pointed out that ‘the object of balancing to sheath
was to reduce those unbalances which produce noise in a cable’.

It was this work on balancing, coupled with the fact that they had needed to build
an accurate bridge back at the laboratory in Aldwych, and very probably prompting
from ST&C, that finally encouraged Blumlein to set down the principles of his
second patent, No. 323,037 in the early summer of 1928. During this time, a weekly
periodical, entitled The lllustrated Official Journal (Patents), produced a shortened
version of his first specification with J.P. Johns in their issue of 25 July 1928. The
journal printed British patents only in their numerical order and only continued
publication until 1931, by which time it would carry similarly shortened versions of
the first six of Blumlein’s patents and their associated diagrams.

It had been eighteen months since his first British patent had been applied for and,
in that time having returned from his expeditions with John Collard, Blumlein
finally had enough time on his hands to work at ST&C preparing his second patent;
by which time his colleagues, using it in his absence, had christened the circuit the
‘Blumlein Bridge’. It became one of Blumlein’s most famous and useful inventions
(all the more impressive when you consider it is only his second from an eventual
total of 128) and, during his lifetime, Blumlein would continually use and improve
upon the design, constantly being able to find new uses for the circuit.

It is easy see why this quite extraordinary breakthrough in AC bridge design was
nicknamed the ‘Blumlein Bridge’, if only because ‘the closely coupled inductor
ratio-arm bridge’ is a bit of a mouthful. It was, and still is, the most important
advance in bridge design since Maxwell applied Wheatstone’s circuit to AC in 1865.
The curiosity is that, while his contemporary colleagues at ST&C (and later EMI)
would continue to call it as such, the name and Blumlein’s association with it has
not survived into the present day. Unlike Maxwell, Wheatstone and perhaps Hay
and Campbell, all of whom have their names associated with the circuits they
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Figure 2.4

Detail from Patent No. 323,037
(1928), Blumlein’s celebrated closely
coupled inductor ratio-arm bridge.

designed, Blumlein, with the exception of those who know of his work and who
knew him personally, does not. This is, once again, very probably his own fault in
many ways, for not publishing more of his work in his own lifetime.

Patent No. 323,037, titled ‘Alternating Current Bridge Circuits’, was applied for on
13 September 1928, in the name of Standard Telephones & Cablcs and
A.D. Blumlein. It undoubtedly provided ST&C with a very valuable source of indi-
rect revenue throughout the life span of the patent held in their name and it served
‘to draw the attention of the electronics world to Alan Blumlein. Many years later,
Blumlein, who had written very little in his lifetime about his work, as has already
been established, came to the conclusion that this particular invention of his was in
fact so useful, that he would write a paper to be presented before the IEE.

The document, written by Blumlein in January 1941, was unfortunately never pub-
lished, ending up a series of uncoordinated papers which would probably never
have come to light were it not for the attention of two of his colleagues at EMI who,
long after Blumlein had died, decided that the essence of Patent No. 323,037 and
Blumlein’s thoughts and writings on it, should finally be published. Philip B.
Vanderlyn and Henry A.M. Clark therefore produced a paper of their own in which
they credit the vast majority of the work to Alan Blumlein and specifically refer to
his bridge patent. They originally presented their work before the Measurements
and Radio Section of the IEE on 21 January 1948, and the paper was finally read on
11 January 1949.

During 1927, Blumlein showed an ever-increasing interest in all aspects of flying.
These were the days of Charles Lindbergh and Amy Johnson and so, as soon as he
had enough time on his hands, Blumlein announced to ]J.B. Kaye in early 1928, that
he had decided he wanted to learn to fly. By pure coincidence, his flying instructor,
a man by the name of Matthews, happened to be the same man who had taught Amy
Johnson to fly, so he was in good hands. The instruction club that he chose was at
Hendon, and had been the old London Club first formed by Graham White, and
now part of a social club called the London Aero Club. Evidently Alan Blumlein was
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a confident enough student and Matthews an able enough instructor as he
managed to teach him to fly in a short time, and Blumlein was eventually granted a
pilot’s licence on 5 October 1928.

The location proved rather fortuitous as ST&C had laboratories in Hendon as well
as the main ones at Connaught House in The Aldwych. So Blumlein, who found it
convenient (or perhaps the instructor did), to have his lessons on a Thursday after-
noon, had a good excuse to go there for flying lessons. However, while it was quite
common practice for people to go up to Hendon during the day and come back to
London later in the evening, it was not for the purpose of having private flying
instruction. So, Blumlein continued his flying lessons and evidently made quite a
good student, concentrating on all aspects of aeronautics at home and mastering all
the physics of flight as best he could before taking to the air solo.

However, on several separate Thursday afternoons he was very nearly found out by
the company, and it was left to his friend and colleague, ].B. Kaye to cover for him:
‘On a Thursday afternoon, not once but possibly two or three times, the man in
charge of us would say, “Oh, where’s Blumlein this afternoon?” and I would say “Oh
sir, he’s up at Hendon”, which was truthful, descriptive and we got away with it every
time. Of course Blumlein was ‘up’, but he was well above the laboratories, not down
in them.’

Blumlein had several rather interesting experiences while flying at Hendon, one of
which occurred the first time he flew in a plane with slotted wings, a de Havilland
Gipsy Moth. He was coming in to land and had cut the speed down, but had for-
gotten that slotted wings would greatly decrease his progress towards the ground.
Normally if such an approach had been made the aircraft would have stalled and
spun in, but the slots actually prevented him from spinning. The net result was that
he floated down rather horizontally, Blumlein only realized that there was a
problem when he saw games of tennis very close to him on the ground below. Being
in a somewhat precarious position, he opened the throttle wide and pulled the nose
up, fortunately not too far, and did a hop, and landed right in the middle of
Hendon aerodrome. As he explained to |.B. later, he didn’t roll at all, but just ‘sat
down’. The plane appeared to sit down around him, flapped its wings a bit, and he
got out unscathed. The people at the London Aero Club later took the plane to
pieces, because they couldn’t believe it would take such a bump without over-stress-
ing something.

He used to tell J. B. Kaye about his many theories on flying: ‘These planes...”
Blumlein would explain, ‘...they’re very stable. If you take one of them high enough,
theoretically you can, if you’ve got enough air space, let go of everything, put it in
a very awkward position like a climb or something, or even upside down and just let
go, just take your feet off the rudder bar and your hands off the joystick, and let it
go.’ ‘I believe actually, he was doing tricks like that’, J. B. recalled. ‘Of course, he had
to do them at considerable altitude. He once said to me, “You have to have sufficient
time in the air to enable it to come out and fly straight”. But that was the way the
machine was designed in his opinion and therefore it should do it.’

‘One lunch time, as we were walking down Kingsway — we very usually had lunch
together — we were talking about aeroplanes. We always talked about aeroplanes
or machines of some sort, or the sort of things we were doing in the lab, and
having a jolly good laugh at things, but he said, “You know, one day, these aero-
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planes will fly without engines as we know them. They’ll be propelled”, and he
said, “They will be burning diesel oil and not petrol...” or whatever oil was used
in those days, I don’t know quite what it was; and he said that “...If you can get
the right shape on a surface, and you can pour oil over it, and you can blow air
hard at that surface, it will ignite. And if you can so arrange it that you have a
sort of cupola in front, with the nozzle down which the air comes in, then, it will
ignite inside. And the ignition of that oil combustion can blow against this sort
of cover in the front, and you can deflect that back through the tail. It’ll blow
the flame backwards and, so blow the engine forward taking the aeroplane at
the same time...” he said. “The only problem is, to get it up to the speed at which
this thing would ignite.” I don’t think he used the word “jet”, he may have done,
but that was a good prediction of things to come.’

Undersea cables, then time to move on

From September 1928, the next six months at Standard Telephones & Cables were
extremely busy for Alan Blumlein as the potential of his two initial specifications
were fully realized, and the work being carried out on international telephone
exchanges increased. These two inventions were to lead to several others mostly as
a direct result of the work that the engineering team now found themselves engaged
in. The irony of the work carried out during this period is that the five patents that
resulted from it, all in the name of Standard Telephones & Cables and
A.D. Blumlein, were each applied for after Blumlein had in fact left the company to
take up a new challenge at the Columbia Graphophone Company in March 1929,

Blumlein’s third patent is the first in which he alone is credited for the work, and
not with his employers, Standard Telephones & Cables. Instead, the specification
gives the inventor as ‘A.D. Blumlein of 20 Lynchcroft Gardens, Hampstead,
London’ (a modest house in Hampstead where Blumlein had taken up lodgings not
long after joining ST&C and which he shared with |.B. Kaye). Patent No. 334,652
was applied for on 29 June 1929 (Blumlein’s twenty-sixth birthday) and in it
Blumlein returns to his bridge in considering its application with a telephone
loading and phantoming coil.

Pointing out that in order to correct for, or introduce distortion in magnitude or
phase in an electrical transmission system, the use may be made of networks which
are inserted in the system to modify the relations between the input and output cur-
rents at various frequencies, Blumlein explains that the object of his invention was
to combine the efficiency of transmission with economy in the cost of installing such
a system by reducing the complexity of the networks employed. Blumlein uses what
he calls a ‘half-Wheatstone’ network, which was derived from the original
Wheatstone bridge with fifteen diagrams showing various modifications that
Blumlein had devised. Much of the specification is then given over to these varia-
tions and the mathematics associated with the results obtained from the attenua-
tion, resistances, capacities and impedance values which the modifications brought
about.

By the time this specification had been fully accepted, Blumlein, of course, no
longer worked for ST&C and therefore could not, in all reality, work with his bridge
without infringing ST&C’s interests in the patent. This accounts for one reason why



Telegraphy and telephony 29

he returned to his design so often. The other reason was that he never seemed to
run out of uses for the little circuit and constantly found ways of improving and
adapting it which, in turn, led to further specifications on the same theme.

During the last few months that Blumlein spent at ST&C, there were many lighter
moments in life, some of which were recalled by J.B. Kaye, coupled with examples
of how patient and considerate Blumlein could be when faced with the problem of
a junior member of staff trying to solve a problem:

‘When we were together at Standard Telephones & Cables, there was someone
there who was very, very slow. He was one of the old brigade and he was so slow
in getting any action going, it was almost unbelievable. For some reason he’d
been nicknamed “Beezelbub”. It’s possibly just as well I can’t remember his real
name, anyway quite a decent bloke, but he just was terribly slow, so we had a
unit called “The Beezel”. But, it was such an enormous unit; well it was really a
ratio of the time it took Beezelbub to do a job, and the time it took a normal
bloke in the office to do it. Anyway there was the Beezel, but for all practical
purposes, we all had to work in Deci-beezels.

So as I say, one of the main things I can always recall in those days was laugh-
ter, and it wasn’t the brittle laughter that you have in industry in the present
day, it was good hearty laughter, it was great fun. We weren’t plagued either by
mathematicians who could prevent young engineers and people from follow-
ing a course they wished because it wouldn’t work. I've seen more people
damaged, I think, young men in laboratories, by these purely mathematical,
theoretical types who, will try to point out how damn silly it is to do it the way
the youngster is thinking. They do more damage by that than almost any other
thing in a laboratory.

Now Blumlein never did that. I never heard him ridicule the youngster who
was trying. I’ve heard him ridicule people who've really deserved it, and who
should have been able to hit back if they so wished in the same terms; but, he
never did anything that would hurt anybody in that way.’

Blumlein’s quick thinking did not always, however, produce the desired results for
himself. On several occasions he could be known to be impatient at getting the job
done, and getting it done quickly. He was impatient with people who didn’t want to
learn, but it didn’t matter how little knowledge one had, if the person wanted to
increase it, and Blumlein could play a part in that, he never tired of helping them.
One could be the biggest fathead in a particular problem, and Blumlein would
make endless attempts to help one see the problem clearly. Effort and time would
mean nothing to him, so long as he could get the solution across.

He never used bad language. Blumlein didn’t swear, he didn’t waste words, but he
could be extremely witty at times without being cutting. ]J.B. Kaye recalled one
case in which he had an argument of some sort, with the Institute of Electrical
Engineers on passive and active networks: ‘I won’t name the individual with whom
the argument arose, except to say that the following morning that individual rung
him up to continue this discussion, and someone who was in Blumlein’s office at the
time heard him say to the man who’d called him on the phone, “Mr so and so, I may
not know the difference between a passive network and an active network, but I do
know the difference between a passive network and an active nitwit! Good
morning.”
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Figure 2.5 Detail from Patent No. 335,935 (1929), a simultaneous telegraphy and tele-
phony system based upon time division multiplexing designed by Blumlein.

There is a fine example of Alan Blumlein’s talent for putting together
an entire picture in his mind, a concept of how a complete electrical system could
come together, and this is seen in one of his last patents while still at Standard
Telephones & Cables, worked on in late 1928. Patent specification 335,935,
entitled a ‘Complete Signalling System’. It was, in fact, a simultaneous telegraphy
and telephony system based upon time division multiplexing and years ahead of its
time.

Blumlein had observed that in a composite system in which the circuit is alterna-
tively arranged for speech transmission in one or other direction only, the telegraph
facilities also operate in the same direction as the telephone transmissions. If, for
example, the telephony proceeds in an east — west direction, then the telegraphy
also proceeds in the same direction but, because the telegraphic information only
worked at frequency bands well below those used for conversations, and were much
slower to transmit, there was always the possibility that the telegraphic data might
be cut short in transmission.

The invention that Blumlein came up with had a series of networked filters which
ensured that the telegraphic systems were set up to include a series of pulses before
the start of each set of data so that, should information be cut short when trans-
mission circumstances were re-established, they continued in the same manner as
those previously encountered and the message was delivered intact. Blumlein called
this method a ‘flipflop’ device, for want of a better word (multiplexed would be
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today’s answer of course), which he saw as a circuit which would arrange the speech
transmission in alternative directions only.

Furthermore, when these speech currents were transmitted, they passed through an
amplified delay network, which detected signals whose amplitude needed to be
pulled up and automatically increased the amplitude of these signals as they passed
along the transmission cables. The concept of time division multiplexing, with a
connector matrix at each end of the transmission system, was not a new one and had
been used before. What Blumlein did was to apply a series of electrical circuits to
the TDM network in order to allow telegraphic and speech information to pass
along the circuit using the frequencies that were not being utilized within the band-
width of the conversation. The problem was that this form of multiplexed transmis-
sions, with filtered layers of frequency paths, was so ahead of its time that ST&C did
not fully realize its potential. This would not be the last time that Blumlein’s mind
would far outstrip his employers’ ability to adopt or apply his work.

International telecommunications was obviously a field of great potential for ST&C
and one that could be dramatically expanded if the quality of the product, i.e. tele-
phone communication, could be improved. With the reduction in cross-talk out-
lined in the Blumlein/Johns patent, the path was open for ST&C to expand their
undersea cable industry dramatically at a time when this was the only method avail-
able for all international telephone communications. Each cable had individually to
lie under the ocean, with giant cables many miles long being reeled out from the
stern of a ship as it travelled to the destination country. The problems with these
undersea cables were as apparent however as with land-based overhead wires; the
greater the distance, the worse the interference.

In his Patent No. 337,134, Blumlein investigated the properties of attenuating the
disturbances in the earth circuit due to dissimilarity between the two legs of circuit
without attenuating the telephone conversation signals travelling along the cable
itself. Applied for on 19 June 1929, the specification provides for a circuit in which
the natural capacities of the main and sea-earth cables co-operate with an induc-
tance produced by two coils wound so as to have a near zero inductance for the
signal current, but an effective inductance for the currents in the earth circuit. This
co-operation produces a low pass filter, which attenuates currents of signal fre-
quency to ensure that disturbances cannot pass from the loaded to the unloaded
section of the cable.

In addition, condensers can be added to the circuit should DC signalling need to
be used, with one of these connected in series with an inductance, or can be
replaced by an impedance network designed to attenuate certain frequencies more
than others. A layer of magnetic material could even be wound around the two
cores of the submarine cable to insulate it from the sea and protect it from corro-
sion and wear.

On 21 August 1929, Standard Telephones & Cables applied for Blumlein’s penulti-
mate specification for them in which he had returned to measuring instrument
circuit designs. In Patent No. 338,588, Blumlein provided a fixed external induc-
tance coupled through a magnetic core to inductances in at least two of the arms of
the bridge, while keeping the resistance of the bridge constant. At the same time, a
mutual inductance was varied by current fed into the external inductance. The
introduced variable mutual inductance had been effectively obtained because the
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intensity of the current flowing into the circuit had a constant coefficient of mutual
inductance with the other circuit, one of which was traversed by an AC current of
constant frequency.

The effect of this mutual inductance between two circuits was to introduce an elec-
tromotive force, which was comprised of relatively fixed inductances. This was con-
ductively connected and fed from a common source of alternating current, with the
ratio of the current to potential on the different members being altered by means
of a shunted network placed across the inductance, through which the current was
varied.

Various arrangements were shown in the diagrams accompanying the specification,
including one where the variable resistance could be calibrated in inductance
values with the measuring instrument connected, and then measured in at least two
of the arms of the bridge for comparison. In another, the coupled coils of the vari-
able mutual inductance were both external to the bridge, and then employed in
shielded bridges without affecting the shielding.

Blumlein’s final patent while with ST&C was also to do with submarine cables and
their shielding. It had been well known that electrical disturbances at the ends of
the cables where they were near or at the shoreline caused conductors which inter-
fered with the transmission of information through the cable itself. This interfer-
ence was only generated right at the end of the cable and the usual practice was to
provide a screen in the form of metallic tape wound around the cable conductor to
insulate them and therefore provide a sheath against extraneous electrical influ-
ences. It was also known that the shielding effect of the sea itself was quite consid-
erable and that therefore it was of great importance to get the cable to descend as
rapidly as possible. The usual method for ensuring this was the heavy armour cov-
ering which served both to protect the cable from wear and corrosion and to sink it
to the sea floor as quickly as possible.

In his Patent No. 357,229, Blumlein devised a solution to the problem of screening
the shore-ends of submarine cables by surrounding the entire cable with a metallic
sheath which insulated the conductors, but would remain separate from the
armouring of the cable and specifically did not cover the ends of the cables where
they met the shoreline. This was because the armouring itself continued up along
the cable, covering the ends which came ashore and was then connected through
an impedance to the armouring or another earth.

The metallic shielding that ran the length of the cable under the sea and inside the
armour covering was designed so that it could be graded in thickness (getting
thicker as it got closer to the shore), in order to obtain the best shielding charac-
teristics under any given conditions, and a doubly shielded repeating coil at the
cable terminations ensured that the voltage was greatly reduced across the capacity
unbalances.

Applied for by ST&C on 19 June 1930, the specification was in fact not fully
accepted until 21 September 1931, by which time of course Alan Blumlein had left
the company some two and half years earlier. It would seem that ST&C were more
readily aware of the potential of Blumlein’s work and the inventions therein than
perhaps he was himself. The fact that Blumlein tired of telephony and needed a new
challenge is perhaps understandable. The world in which he worked must have
seemed to offer him few opportunities in his own particular fields of interest. We
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Figure 2.6 Detail from Patent No. 357,229 (1930) showing how a submarine cable
could be designed to taper towards the shore anchor-end.

know that he loved fast cars, flying and everything to do with aeroplanes, trains and
railways and was a quite a marksman.

Blumlein however, also had another great interest in his life, that of music. It was to
this, or rather the science of audio engineering and the recording of music that he
was now to turn his attentions. As has been seen, Blumlein very probably had
already been in contact with or had certainly been made aware of the work of
A.H. Reeves (who would subsequently invent pulse code modulation (PCM)), and
Geoffrey F. Dutton (who had investigated the properties of the electrical reproduc-
tion of sound). Bell Laboratories and IWE already held patents at that time on the
then totally new system of recording sound electrically, and while they had initially
intended to license it solely to RCA, Columbia persuaded IWE that it would be in
their interest (and income) if other gramophone companies could use it. As IWE
were essentially the R&D department of Bell Laboratories and also manufacturer of
most of their products, this proposal made very good economic sense and, naturally
they ended up licensing to anybody wishing to press records using their system.

Having been invented by two engineers from Bell Telephone Laboratories, Joseph
P. Maxfield and H.C. Harrison, Western Electric had then incorporated their trans-
ducer design within the semi-mechanical recording system that they manufactured
and which had first been introduced in 1925. As they pointed out in their definitive
paper ‘Methods of high quality recording and reproducing of music and speech
based on telephone research’ of 1926: ‘The advance has been so great that the
knowledge of electric systems has surpassed our previous engineering knowledge of
mechanical wave transmission systems. The result is, therefore, that mechanical
transmission systems can be designed more successfully if they are viewed as ana-
logues of electric circuits, While there are mechanical analogues for nearly every
form of electrical circuit imaginable, there is one particular class of electrical circuit
whose study has led to ideas of the utmost value in guiding the course of the present
development.’

The electrical circuits that Maxfield and Harrison were referring to were filters, and
it was through the use of electrical bandpass filter theory and application that they
had shown how an electromagnetic recorder and a mechanical reproducer with an
enhanced frequency response, could produce recordings which were far superior
than any previously possible.



34 The Inventor of Stereo: The Life and Works of Alan Dower Blumlein

This semi-mechanical recorder/cutter was then being used to produce the large
majority of all the records being manufactured, and the royalty being imposed upon
anybody wishing to use the system was between 0.875d (pence) and 1.25d on every
record cut.

Naturally, many rival companies such as HMV, the Gramophone Company and the
Columbia Graphophone Company were investigating ways of getting around the
Maxfield and Harrison patents, but by early 1929, nobody had yet done so. At the
Columbia Graphophone Company, Herbert Holman, one of their engineers, had
managed to devise a method of bypassing the Western Electric system by putting
rubber mounts at the side of a moving iron needle, but the recorded results were
poor.

Isaac Shoenberg, who was the General Manager of the Columbia Graphophone
Company, had been given the task, following his appointment from the
Marconiphone Company in early 1929, of overcoming the patents on the Maxfield
and Harrison system as it was costing Columbia a fortune. Shoenberg was looking
around for the right man to tackle the problem and Blumlein, as an employee of
ST&C which was, after all a subsidiary of Western Electric and Bell Laboratories, was
ideally placed to have had access to, or at least knowledge of, the electrical circuit
design of the Western Electric system.

It was therefore, this set of circumstances, Blumlein’s growing boredom with the
world of telephony, and Shoenberg’s need to find somebody to overcome the
Maxfield and Harrison patents on the Western Electric recording system, that led to
Blumlein eventually being offered an interview with Isaac Shoenberg at the
Columbia Graphophone Company in February 1929.



Chapter 3
The audio patents

of Alan Blumlein. He had applied for seven patents during his time with

them, invented an entire signalling system, improved several elements of
their submarine cabling system and designed various electrical circuits. Most
notable of these was the AC bridge circuit of course, and all of which would earn
ST&C money for many years to come. However, Alan Blumlein was restless, perhaps
even bored.

By late 1928, Standard Telephones & Cables had certainly had their worth out

There is no way of knowing now, at this distance, exactly when and why Alan
Blumlein made up his mind that it was time for a change of direction and career.
Suffice to say that, by the end of 1928, he felt (even if his employers did not) that
he had gone as far as he considered he might within the field of telegraphy. What
was needed was a new challenge, something that would stimulate his mind. As luck
would have it in early 1929 such an opportunity came along. Blumlein took his
chance, changed career and never looked back.

Early in February 1929, Alan Blumlein arrived at the offices of Isaac Shoenberg,
general manager, the Columbia Graphophone Company in ‘Petit France’, London,
for a job interview. Shoenberg had known about Blumlein for some time, first
hearing of him during his days at Marconiphone (developers of Columbia’s range of
domestic receivers and gramophones) when Blumlein was making quite a name for
himself as a bright young circuit designer in telegraphy and telephony circles.
Though Shoenberg had heard that Blumlein had expressed an interest in furthering
his career in a different field, he was not aware of his growing impatience to leave
Standard Telephones & Cables and ‘get on’ with some new direction in his life.

At the age of 25, Blumlein had in fact decided some time before this that he needed
to change and move on to new challenges. He felt that he had exhausted all of his
options within the field of telephony and submarine cabling. He had even applied
for several positions, which he hoped were available. These were mostly with com-
panies that dealt with the relatively new science of recording sound. Writing in one
letter, he explained ‘I believe my ability lies more in a sound understanding of phys-
ical and engineering principals (sic) than in the knowledge of telephone engineer-
ing obtained by meticulous reading.’

When Shoenberg had been promoted to general manager at Columbia in January
1929, he had been given the task of finding a way, any way, of overcoming the Bell
Telephone Laboratories patent held by Joseph P. Maxfield and H.C. Harrison. This
was incorporated within the Western Electric semi-mechanical recording system
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(first introduced in 1925, the patents were Maxfield/Harrison/Bell’s and Western
manufactured the recorder/cutter), which imposed a royalty of between 0.875d
(pence) and 1.25d on every record that was cut using it. In 1929, the combined sales
of the Gramophone Company and the Columbia Graphophone Company were just
over 30 million units. Every one of these had to have a royalty on it paid to a rival
manufacturer, so it was imperative that a way be found as quickly as possible to over-
come this.

In fact Columbia had not one, but two high-priority projects that were now the
responsibility of Shoenberg. The first was the overcoming of the Western patent and
the development of a moving iron recording cutter, and the second was the devel-
opment of a high frequency, high quality microphone. As Shoenberg took stock of
the situation, he became aware very quickly that if he did not recruit some new engi-
neers, the tasks simply would not be completed. Of course, what he needed most of
all was a top-flight engineer, someone that could tackle the entire project. The ques-
tion was who?

Blumlein was not the only candidate that Shoenberg interviewed. There were in fact
two to be considered; the job had been originally offered to one of Blumlein’s col-
leagues at ST&C, E.K. Sandeman, for whom Blumlein and J.B. Kaye were working
at the time. Sandeman however, while attending the interview with Shoenberg, had
also been offered a more attractive position with the BBC and so turned down the
opportunity of working for Columbia. He did, however, inform Shoenberg about
Blumlein’s interest, pointing out to him that, ‘He will be the most expensive, but he
will be the best.” It was almost certainly Sandeman who, returning to ST&C follow-
ing the interview, told Blumlein that the position at Columbia was available and that
he should apply for it.

Shoenberg, in the meantime, approached Eric Nind for information. He was one of
the new young men at Columbia and had been one of the students that Blumlein

Figure 3.1

Isaac Shoenberg (later Sir) who would
become Blumlein’s employer, mentor
and friend. (Courtesy of EMI)
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had helped when he had been an assistant demonstrator at City and Guilds. Nind
remembered Blumlein as a ‘Delightful man, very human indeed, and very good at
explaining anything. He didn’t get exasperated if you did not understand, and
would go through a point again and again. He had plenty of inexhaustible patience
and a great facility for converting quite complicated mathematics into very simple
circuit elements.” Shoenberg was convinced and invited Alan Blumlein to attend an
interview.

At his interview, after the usual pleasantries and once Blumlein had been given the
essence of the task that Shoenberg needed him for, he was asked if he thought he
could do the job. Without any detailed understanding of the magnitude of the
project, Blumlein told Shoenberg he was sure he could. Shoenberg then offered
Blumlein the position and asked him what salary he required. Blumlein told
Shoenberg that he might not want him after he had said how much he wanted.
‘How much do you want then?’ Shoenberg asked. Blumlein, put on the spot as he
now was, named a figure that he felt certain was too much, but probably worth a try.
After all, he had nothing to lose. Shoenberg made his decision there and then. ‘You
are engaged’, was his classic response. Shoenberg then offered an annual salary
somewhat in excess of what he had just asked. Shoenberg had made his point and
was sure he had his man. He would not be disappointed in his choice.

Blumlein, perhaps realizing he could have asked for more than he had and still got

Figure 3.2 The Works Designs, Research and Development Building at EMI, Hayes.
Blumlein’s office is on the third floor, second window from the right (with one window
open). His secretary, Gladys Ball, had the office next door to the left. This photograph
was taken on 26 January 1934 during the construction of an experimental aerial mast
on the roof. (Courtesy of EMI)
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it none the less accepted the position, returned to Standard Telephones & Cables
to hand in his notice, and say his goodbyes to the many friends he had made during
the five years he had been there. It was time to move to his new challenge.

The Columbia recording system

In March 1929, Alan Blumlein joined the Columbia Graphophone Company
Limited, reporting directly to Isaac Shoenberg, the man to whom he would report
for the rest of his life. Blumlein was ready to face the not inconsiderable task that
was ahead of him. Columbia, however, was not the only company that had decided
that there must be a way of getting around the Bell patent. HMV (the Gramophone
Company), had also decided that it would invest in a team of engineers to design
and build a completely new system. The HMV team was headed by A.W. Whitaker,
working on a mechanical cutting system. Shoenberg however was certain that, with
the team he was putting together and with Blumlein’s expertise, if anybody could
produce the right apparatus it was Columbia.

The task was ideal for a man like Alan Blumlein. Not only did he possess all the tech-
nical and electrical attributes to ensure that the actual day-to-day running of the
project would go well, but his insatiable desire to complete the job at hand meant
that much of this enthusiasm would rub off on the men working with him. Blumlein
was also intensely interested in music, listening to all manner of recordings over and
over again. He especially liked Beethoven and analysed the music in a mathemati-
cal way as many deep thinking men have done in the past. Beethoven’s music lends
itself to that form of thought. Though there is absolutely no evidence that

Figure 3.3

Herbert Edward Holman, whose initial
‘H’ along with Blumlein’s would
become one half of the name for the
‘HB1A’ microphone, designed by them
in 1930. (Courtesy of EMI)
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Blumlein’s love of music had any bearing on his decision to accept the job at
Columbia (or that the task he was employed to solve had anything to do with pro-
ducing better quality music recordings), it is very probable that these considerations
did cross his mind at the time.

When Blumlein arrived at the laboratory at Columbia, he found that the electric
recording apparatus was rudimentary at best, though it has to be said, not uncom-
mon for the time. It had only been a matter of a few years since recording had made
the enormous leap from acoustic recordings, that is, effectively shouting into a horn
driven direct-cutting system straight onto the wax record. At Columbia, Blumlein
found a capacitive microphone, an amplifier based on a public address system and
a moving iron cutter, similar to that which Western Electric were manufacturing.

A team of engineers had been assembled by Shoenberg already and they had made
a start on the principles of a system to overcome the Bell patents, but lacked that
electrical expertise that Blumlein now brought. Among his new colleagues were
Herbert Edward Holman, Henry Arthur Maish Clark, Peter William Willans, and
Geoftrey F. Dutton, all of whom would become engineers, scientists and friends to
Blumlein for many years to come. It was almost certainly a member of this teain who
had drawn up the provisional designs for the system, dated 1 May 1929.

Blumlein did not at first work on the problem of the cutter. The first record of his
work for Columbia appears in a memorandum dated 1 May 1929, showing him
working on the several projects which had already been started by Holman and
Clark. Among these was a high frequency, high quality microphone project. In June,
when the complex construction work on this had been completed, Blumlein turned
his attention to the designing of the coils and diaphragms for the microphone and

Figure 3.4

Henry Arthur Maish Clark who was
known to his friends and colleagues
alike as ‘Ham’ not only because of his
initials, but also because he was an
avid ham-radio enthusiast. (Courtesy
of EMI)
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Figure 3.5

The recording system being used by
Holman and Clark at Columbia in
1928, much as it would have
appeared at the time Alan Blumlein
joined the company. The Columbia
recording machine had a weight-
driven motor and an acoustic play-
back system driven by the Western
Electric amplifier rack on the left.

the estimation of stray capacities. Herbert Holman did much of the mechanical
design for the construction of the first prototype system which was eventually to be
given the designation ‘MCIA’ or Master Cutter 1A (Holman, who was Blumlein’s
senior by eleven years, was a first rate mechanical engineer who had been educated
privately and at Redhill Technical School. He been employed by Columbia in
February 1924, to develop a simple form of moving coil microphone, and was there-
fore ideal for a project such as this.) Recalling Blumlein’s arrival at Columbia,
Holman said

‘In 1929, we were joined by A.D. Blumlein, a young engineer of whom I cannot
speak too highly. I was closely associated with him in many projects, and his
capacity for original thought, coupled with a thorough knowledge and appre-
ciation of basic engineering principles considerably impressed us. Blumlein’s
abilities as a circuit designer here came to the fore; equalizers not only had to
produce an ideal response curve, but had also to provide for wide deviations by
simple strapping of terminals it such were required. This was a characteristic of
A.D.B., nothing must be left if an improvement could be made. He spared no
effort himself and inspired all those who worked with him.’

By August when test runs were first done, Blumlein was definitely working on the
cutter project, but the results, which had been carried out using a Western con-
denser microphone calibrated by the National Physical Laboratory (as a standard),
determined that there was a pronounced peak at 100 Hz and a dip around 1 kHz.
On 27 August, the first comparative tests were made with the prototype system rig
and the Western system in wax. Blumlein and Holman noted that there did not
seem to be any discernible difference between the two systems.
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At the same time as Blumlein and Holman were labouring away with their prototype
system in the laboratory in Hayes, Columbia had sent Eric Nind to work in Tokyo,
Japan, with one of the systems which had been licensed to the Japanese record
label ‘Nipponophone’. These cutters were of the Western Electric type which
Louis Sterling, chairman of Columbia, had been very keen to licence as
soon as Western and Columbia had agreed a contract earlier in 1929. The
Japanese, at Nipponophone, had been among the first to receive a system because
of this. Eric Nind had been sent to Japan to oversee the installation and
act as an onsite guide for the Japanese recording engineers. Nind was also
encountering problems associated with cutter overload, he reported that the ampli-
tude of the cut was not proportional to the signal, complaining that low frequency
waves became ‘peaky’ and that Japanese music seemed particularly difficult to
record.

Columbia decided that Blumlein should try to solve this problem also and a series
of measurements were carried out, from which it was discovered that there was
indeed considerable non-linearity, giving rise to this peaky waveform, and probably
made worse with the Japanese practice of recording at very high levels. The wave-
form of the Japanese records (which were regularly being sent back to Columbia for
comparison) was analysed by Blumlein’s team under a microscope. From the
Western Electric cutter in the laboratory, as well as Eric Nind’s recordings made in
Japan, it was discovered that, when these were compared with recordings made on
the prototype system on which the team had been working, the Columbia cutter,
with a sine wave input of 375 Hz (roughly the frequency of the bass resonance for
the system), the device was producing 150% second harmonic and 100% third and
fourth harmonics. The Western cutter was only producing 25% second harmonic
and 5% third.

On 30 August, Eric Nind recorded another Japanese record to compare it with the
Western system, but again once it reached Blumlein’s team and was compared to
their new rig in the laboratory, they had to concede that the Western system was
better. In Blumlein’s opinion, these problems were arising from at least two causes,
the first being a reduction in the reluctance of the field magnetic circuit as the
armature moved from its rest position which made the cutter more sensitive. In an
extreme case, if the cutter was overloaded for example, the armature could adhere
to the pole piece; indeed Blumlein had noted that this too was happening with the
Western system.

Secondly, the rubber diaphragms, which were used to damp the bass resonance fre-
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quency of 375 Hz, were also causing non-linearity problems. The armature was con-
trolled by springs which had been shaped to increase the restoring force more than
linearly with displacement. This was intended to compensate for the rise in field
strength and, despite several attempts by Blumlein who carried out a series of experi-
ments to try to increase this effect, he had little success. Finally, in an attempt to
gloss over the problem, Blumlein designed a circuit that would weaken the field as
the signal increased. This did help during loud passages of music, but the effect
could not be brought into action in less than 1/20th second and so did not help
with transients.

In September 1929, frustrated with the lack of success, Blumlein took stock of the
problem, and reconsidered the fundamental elements of what they were trying to
do. The first decision that had to be made was the principle on which the Columbia
systern might be made to work. For the first four months, Blumlein had worked with
the apparatus that he had found upon his arrival at the laboratory. Now he decided
upon a completely new approach; they would attempt to make the recorder/cutter
work using electromagnetic damping.

Blumlein, with his knowledge of electronic circuits had been aware, as had many
before him, of the potential of the moving coil. Indeed, only a few years earlier in
1925, Rice and Kellogg had produced the world’s first moving coil loudspeaker,
where the speaker cone itself was moved in and out due to the action of an electri-
cal current upon a moving coil. The current acting on the coil was directly repre-
sentative of the amplitude of the frequencies being fed to it. If a moving coil could
be used in such a manner to drive a loudspeaker, could not the same principle be
used to drive a suspended cutting head (through a master recording)? Certainly
nobody had done anything like it before, which Blumlein found strange; the tech-
nology was neither new nor unknown.

In order to decide whether it would work, Blumlein first had to detail the method
by which the Bell patents worked. The Bell system, which Western Electric was man-
ufacturing, used a balanced armature arrangement (for the cutting technique).
This produced a satisfactory cut in the groove of the master recording from which
the pressings would be made, but Blumlein had already seen the results of the arma-
ture’s reciprocal action on the depth of actual cutting head. This was difficult to
control and the direct attenuation of the cut was damped with a totally mechanical
action. In other words, the cut made in the groove did not directly reflect the ampli-
tude of the audio that was being recorded. Instead, a uniform cut produced what
can only be described as an adequate, if rather undynamic recording, due to the
main resonance of the cutting head itself.

Early in September 1929, the team gathered in the laboratory and Blumlein
explained to them the basis of his decision to try electro-mechanical damping to see
if they could make it work. Having decided that a moving coil transducer system
would not only overcome the Bell patents, but would almost certainly produce a
better recording (as the movement of the cutter would more accurately represent
the audio), Blumlein now received the go ahead from Shoenberg to start engineer-
ing a recorder as this was the first critical element of any new system.

Blumlein, who had by now been placed in charge of the entire research and devel-
opment team for the project, designed and then produced the circuitry, with
Holman mainly responsible for producing any electro-mechanical apparatus
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required to construct the recorder. The records from the archives give us a reason-
able account of the week-by-week, and on occasion, day-by-day activity during this
period, and the problems they encountered. The first of these was the power-to-
weight ratio. A coil that generated enough power to move the cutting stylus pre-
cisely enough and yet capable of moving through the wax master disc, would be so
heavy as to be impractical. Blumlein came up with the idea of having a wound coil
enclosed completely in a solid aluminium casing (being the most lightweight yet
durable material available at the time), with a separate multi-turn signal coil rotat-
ing in a strong magnetic field from the currents induced into it from the audio.
These currents in turn induced currents in the signal coil which, when passed
through the driving impedance would lose power and thus provide the necessary
damping action upon the cutting head.

That September, significant progress was made and Blumlein’s original notes give
an insight into his train of thought. Dated 11 September 1929 and entitled
‘Recording Levels’, the notes reveal some of the calculations that were being made.
The next day the varying fields of the Western Electric system were recorded as
cutting the bass by 4 dB at 100 Hz. On 24 September, they were working on the auto-
matic field control of the Columbia cutter. Henry Clark (always known to his col-
leagues as ‘Ham’ Clark, not only because his initials were H.A.M., but also because
he happened to be a leading light in the ham radio field) recalled how Blumlein’s
arrival and work at Columbia had changed all their lives:

‘I had the good fortune to work as A.D. Blumlein’s assistant and our experi-
ments spread into the field of moving coil microphones and cutters, the main
object of which was the reduction of non-linear distortion present in all the
then known moving iron devices. H.E. Holman was a tower of strength in all
these projects as he was responsible for most of the mechanical design. In these
early days I learned that the overall performance of even such complicated
devices could be calculated in advance before the device was made. Blumlein’s
wrath when the measured resonant frequency of a new model did not match
the pre-calculated one is still a vivid memory.’

By 3 October, more test records were being cut with the auto field control now
working on the Nipponophone system and, on the 18 October, Blumlein produced
a large scale drawing of a representation of the ‘Columbia Field System’, with a
series of calculations on the following pages which show the predicted figures for
the probable field density. On 25 October 1929, the notes refer to the fact that a
version of the Columbia recorder had arrived in Japan for Eric Nind to carry out
comparison tests. Problems were also being encountered with overloads and non-
linearity. The work by now had moved away from straight comparison tests with
other systems such as the Western Electric cutter, to direct non-linearity analysis of
the Columbia system. Originally the axis of the moving coil had been constructed
horizontally and the field was provided by a single coil. However, to cut wax, it was
decided that this might not be sufficiently strong to give an adequate performance
at high frequencies, so Blumlein, while calculating the main characteristics of the
cutter himself, gave the design of the field control to Henry Clark.

Working on the basis of a field flux density of 10,000 lines/cm?, (though a lower
field of 6000 lines/cm? was also considered), ‘Ham’ Clark did the necessary calcu-
lation and found that the power dissipation would indeed be too high for a single
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coil. They determined on several alternative arrangements before the eventual
double-coil system with two parallel coils on a ‘U’ shaped core, which was tilted
upwards at an angle of about 22.5° was adopted. This immediately led to the real-
ization that there would be a significant reduction in the moment of inertia of the
moving coil assembly, mainly from the reduction in the length of the stylus bar,
because they had effectively changed from a horizontal to a vertical axis.

Much of the design work and construction was now carried out by Holman who had
decided that the moving coil should have a hard steel bar along its axis. In this, two
knife-edges were formed which rested on two hard steel plates, which in turn gave
low friction and, equally important, striction. Steel wires in torsion held the knife
edges onto the plates and absorbed much of the thrust. The stylus bar was then held
in a slot at the lower end of the axis rod, with a cork shim of 0.003 inches thickness
between the stylus bar and the coil axis with clearances around the clamping bolt-
holes to avoid direct metallic contact between the two components.

In early November, the first manuscript was drawn up of the results of this work and
the analysis showing how the rubber damping was holding up with the application
to the balanced armature. The tests were to continue from 29 November 1929
through to 6 February 1930. There was still a lot of work to be done, though by now
the team was reasonably satisfied with the results they were obtaining. The effective
mass of the recorder at the stylus was calculated at 22 ounces, whereas the Western
system was only 12 ounces, which meant that a totally new way of suspending the
cutter would have to be found.

These matters aside, Blumlein felt by 10 January 1930 that sufficient work had been
completed to write a comprehensive description of the cutter and it was this that
would eventually form the basis of the patents which came later in the year
On 17 January, they completed the first run of the cutter and on 20 February 1930,
Blumlein and Holman were again testing the impedance of the Western Electric
cutter but now with their own system working well for comparison. Blumlein
decided that the change in the axis of the moving coil from horizontal to vertical
was sufficient to rename the apparatus MC1B and completed this version in the first
week of March. He also introduced a much larger field coil which of course made
the entire design much heavier than the MC1A with a higher centre of gravity, but
this did allow the cutting head to cut a uniform groove in the wax master.
By 5 March, they were engaged in simulation impedance tests and on 8 March 1930,
continuing through to 11 March, when modification were made, they were con-
cerning themselves with designing the transformer for the system. These modifica-
tions were also carried out on the Japanese system on 10 March, to give it a high
frequency boost.

Blumlein’s attention now turned to the amplifier. It had originally been a low-power
example which, while it gave reasonable equalization and had a good smooth fre-
quency response, had a definite spike and dip at around 3.5 kHz. It was discovered
that a small resonance in the cutter was being caused by the bending of the steel
shaft which was suspended at two points and which formed the axis of the moving
coil. It seems that the shaft was unable to vibrate in a whirling mode. So the balance
conditions for the shaft were carefully calculated, the problem being solved by
replacing the steel nuts which had been used to hold the stylus arm in place with
platinumn ones (these being more flexible). This modification went some way
toward solving the frequency spike problem in the amplifier.
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In April a new push-pull, class A amplifier was devised using GEC transmitting
triodes (DEM3s), running at 1000 volts on their anodes each at 250 mA current.
This was known as the ‘500 watt’ amplifier and the output was transformer-coupled
via an equalizer to the cutter. This work on the coupling of the amplifier to the
cutter is one of Blumlein’s most impressive achievements at this time and it illus-
trates his incredible grasp of the complexity of the situation and its solution. High
frequency boost was inserted between the driver and the power amplifier, which
meant that at high frequencies the coil was being driven at a constant velocity. This,
in turn, meant that the driving force required was now proportional to the fre-
quency being applied. By inserting high frequency equalization at the input to the
power stage, low frequency level was kept low in an attempt to minimize
microphony, which was a major problem with triode valves at that time.

When the first trial cuts using the MC1B were made, the team found that it had a
constant resonant frequency of around 250 Hz, exactly the frequency that had been
predicted by Blumlein. Further tests showed that temperature runs were satisfactory
and, although the performance of the system seemed to be acceptable, Blumlein
was still not satisfied and continued to return to various elements of the system, con-
stantly adjusting them until he was happy.

On 26 June 1930, Blumlein wrote to Peter Willans, the head of the laboratory, and
suggested to him that they should manufacture another six cutters each with 100
watt amplifiers. He also pointed out that extensive tests still needed to be carried out
involving perhaps two or three other amplifiers of differing power outputs, as well
as a series of recordings made to ascertain the results of oriental music, dance bands
as well as classical music. This was to ensure that the amplifier could maintain a suf-
ficient power margin for all musical genres. He drew up a flow chart for the process
of manufacture and pointed out that, although the cutter was now satisfactory, more
development would need to be done on the floater. Blumlein had calculated that
the power needed to drive the Columbia cutter was 2.26 times as high as that of the
Western cutter at low frequencies and 22.6 times as high at high frequencies.

Though much of the electric circuitry is easy to attribute directly to Blumlein
himself, as is the original idea for using electro-magnetic damping in the system,
much of the mathematical calculation such as the reluctance of the magnetic circuit
and the resistance and movement of inertia of the various designs of the moving coil
was carried out by Clark and other members of the Columbia team. Blumlein did
however work out the impedance of the wax to enable the required damping to be
calculated, and it was only his and Holman’s names that appeared on the patents
for the new system when they were applied for in March.

The Columbia recording system, Patent No. 350,954 and
Patent No. 350,998

The new system had been built, tested and had been shown to work. Now it was pre-
sented to Shoenberg, who had been keeping a close eye on the progress that had
been made by the team he had put together. The prototype MC1B would become
the basis of the new Columbia recording system and, as it overcame the Western
Electric system with a totally new concept of electro-mechanical damping, records
cut from it would not have to pay a royalty. The system would save Columbia a
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fortune and at the same time earn them a considerable income. The tables had now
been turned; any records that were cut on the new Columbia system would mean
that a royalty would have to be paid to them. Shoenberg was delighted.

Patent Nos. 350,954 and 350,998 were Alan Blumlein’s first for his new employer,
but his eighth and ninth overall. They both date from Monday, 10 March 1930,
when the applications were lodged with the Patents Office and are entitled
‘Improvements in Electro-mechanical Sound Recording Devices more especially of
the Moving Coil Type’ (No. 350,954) and ‘Improvements in Apparatus for
Recording Sounds upon Wax or other Discs or Blanks’ (No. 350,998). That this was
just one year after he had started with Columbia gives some indication of the pace
at which he could work.

There are 34 ‘claims’ (a claim within a patent being that which the inventor wishes
to be considered as entirely new compared to anything which has previously been
invented), made by Blumlein and Holman in Patent No. 350,954, the outline of
which is as follows:

The Patent describes a moving coil system in which the cutting tool is con-
nected to the drive motor by a linkage system comprising, or kinetically equiv-
alent to, a shaft inclined or perpendicular to the wax surface. This shaft
extends down from the motor and stylus arm assembly placed perpendicular to
the shaft. The recorder is comprised of an electric coil mounted so as to pivot
in a magnetic field about an axis in its own plane. The coil can then move upon
the induction of an applied electric current by means of one or more adjacent
electric coils. These are mounted about a common core, which forms the
primary and secondary windings of a transformer.

The magnetic flux of the coil, and the same of the transformer, are arranged

Figure 3.8

Detail from Patent No. 350,998
(1930), the Columbia Recorder/Cutter
designed by Blumiein and Holman.
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so that they are at right angles to each other. The moving coil itself was to be
cut from a solid block of suitable material such as aluminium. This coil would
be substantially triangular in shape the sides of which would increase in width
and thickness as the pivotal axis is approached. The steady magnetic field of
the moving coil is achieved by providing magnetic pole pieces adjacent to the
coil at right angles to the transformer core. In this way, the air gap within the
moving coil assembly is reduced to a minimum, compatible with the free move-
ment of the coil itself. The neutral position of the moving coil is maintained
with a suspension system, locating the core by means of springs giving an
elastic-like connection.

An additional 48 claims are made in Patent No. 350,998, again the outline of which
reads as follows:

The patent describes an electro-mechanical device for the recording or repro-
duction of sound records in either wax or other such discs or blanks. The
device is also however applicable to any other moving coil device such as a
microphone which could be employed in a sound recording system, or also of
a moving coil pick-up or moving coil loudspeaker. It could also be used for
optical recording devices such as those employed in the cinema for sound
recording and reproduction.

The moving coil element is suspended in a magnetic field and connected to
an external circuit and caused to vibrate by mechanical means. This in turn
generates an electromotive force (EMF) across the coil, and will cause a
current to flow through any external circuit. This current, will in turn, produce
a back EMF which will tend to modify the movement of the coil. If the imped-
ance of the loading circuit is made frequency selective, the back EMF so pro-
duced will also be frequency selective. This can therefore be easily optimized
to damp any natural mechanical or electrical resonance within the type of
electro-mechanical system herein. In order to get the greatest damping effect
from the application of this principle, three factors are necessary; first, that the
impedance of the moving coil circuit should be as small as possible (fora given
configuration and numbers of turns, hence the DC resistance), second, that
the purely electrical impedance shall be as pure resistive as possible, and
lastly that the magnetic flux density in the moving coil shall be as high as
possible.

If efficient power transfer is to be obtained between a moving coil and the
circuit within which it operates, it is necessary that the impedance of the oper-
ating circuit be of the same order as the electrical impedance of the moving
coil to which it is connected. But, in order that the movement of the moving
coil itself may be well damped at frequencies close to its resonant frequency, it
is necessary that the impedance connected to the moving coil be as low as pos-
sible. The basis of the invention then, is to connect a moving coil to an oper-
ating circuit whose impedance is comparable with the electrical impedance of
the moving coil, at frequencies where an efficient transfer of power is required,
and thereby obtaining easily controllable electrical damping.

On 30 August 1930, the circuits for monitoring and driving the moving coil cutter
were completed. Arrangements were made for waxes of 22 titles to be cut using both
the Western Electric and the Columbia cutters simultaneously; the signals to both
being fed from a Western CT microphone. The recordings, all of which were of
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popular singers, included Will Fyffe singing ‘Daft Sunday’, The Four Bright Sparks
singing ‘That Night in Vienna’, and Billy Elliot singing ‘Home is Heaven’. The
resulting pressings were listened to by a number of people who were asked their
opinion as to which they preferred, though there is sadly no information as to the
listening conditions under which the tests were conducted. In the end, there was no
strong preference for either, though there was a small majority in favour of the
Columbia cutter.

Further trial cuts were made with reduced high tension voltage on the DEM3 valves
in the power amplifier and it was on this basis that Blumlein had calculated that 100
watt amplifiers would be adequate. Somewhere along the line however something
went amiss and the amplifier that was eventually used had a single DEM3 triode and
ran at 250 watts. Blumlein by now was concerned about the cost of all this develop-
ment and, in his notes, made comment of his desire to modify the equalizer
between the amplifier and the cutter to give greater efficiency and so reduce the
power needs. For a single amplifier the components had cost £92-6s-9d, the HT gen-
erator £46-19s-2d, and sundries (not listed) £13-15s-1d; a total of £153-0s-4d, quite a
considerable sum in 1930, and not far off an annual wage for many of the engineers
working on the project.

An entire system evolves

Having produced the first design details of the new recording and reproduction
system as early as October 1929, much of the year following was spent producing
first, a prototype (February 1930), and later, production models initially for
Columbia to use itself and later to license to others. It soon became obvious that the
accurate control of electrical damping, coupled with electro-acoustic microphones
and electromagnetic loudspeakers, could indeed produce very high-fidelity record-
ing and reproduction sound systems.

Part of the resonance of an electro-mechanical system, such as the Columbia cutter,
depended upon the elasticity of the needle and the record surface initiating a vibra-
tion, resonant with that of the effective mass of the whole device. If this was not con-
trolled, unwanted resonance could occur, especially at the moment of inertia.
Blumlein’s next patent, No. 361,468 (Improvements in Sound Reproducing and
Recording Devices), applied for on Friday, 12 September 1930, was designed to
overcome this by taking into account the pivotation of the gramophone needle rel-
ative to the remainder of the assembly, in this case the recording apparatus as pre-
viously described.

b C Figure 3.9

' Detail from Patent No. 361,468 (1930).
(i— _ T Co-written with Peter William Willans, the
—_ dif needle point is adapted to receive impul-
r 1 sive forces in its direction of displacement
a/ T and mounted in such a way that the
d centre of rotation of the combined needie

and armature assembly lies on the axis of
rotation.
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The patent, which was co-written with Peter William Willans, and initially appears to
be simple in design, though it does, for the first time in a Blumlein patent, resort to
mathematics. Blumlein’s mathematics ability, as has been documented, only went as
far as limited calculus and, while the mathematics in the patent are not overly com-
plicated, it is likely that Peter Willans was responsible for most of it.
The invention describes the mounting of an electromagnetic pick-up on a rigid
body (which Blumlein and Willans call an ‘armature’) which is rotated about a
given axis. Attached to this is a lever, on which is mounted the needle. The
needle point is at a given distance from the axis of rotation of the armature,
and is adapted to receive impulsive forces in its direction of displacement.
According to the invention it is desirable to mount these members in such a
way that the centre of rotation of the combined needle and armature assembly
lies on the axis of rotation. Assuming that the needle is fixed perpendicular to
the axis, the following applies:

= The moment of inertia of the armature about the axis of rotation

The moment of inertia of the needle about its centre of gravity

The mass of the needle

The distance between the point and the centre of gravity of the needle
= The distance of axis of rotation from the centre of gravity of the needle
(on the side remote from the needle point (right))

* Q3,0
it

The desired objective is achieved if:

I, + L
=L 2
ma

In accordance with this equation, the needle can be fixed in such a position
relative to the armature, that the value of x corresponds to the value calculated
(by this means) from the known or measurable quantities of the right hand
side. The net result of the invention is a sound recording (or reproduction)
device where the disposition of the various operating elements about their
rotating axis is so arranged that the upper resonant frequency of the device has
a maximum value. As defined here, the device comprises a rigid member
adapted for rotation about a given axis, and a second member rigidly con-
nected to the first in order to receive impulsive forces at an extremity remote
from the axis of the first. In this combination, the instantaneous centre of
gravity of the assembly lies on the axis of rotation. In this way, an electric pick-
up in which the distance x from the axis of rotation of the operating system, to
the centre of gravity is calculated from the equation above.

The next patent that Blumlein applied for, No. 362,472, deals with the idea that a
system such as the Columbia recorder needed to produce predictable attenuation
characteristics across the entire frequency range of the disc being recorded. This
attenuation had to be carried out regardless of the number of input signals being
transmitted, or whether they were balanced or unbalanced lines. Only in this way
was it possible to produce a uniformly recorded sound. Blumlein designed one of
his most important circuits, one that would have far reaching uses then and is still
used now, for the patent describes what is known today as ‘the n-line attenuator’.
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Applied for on 30 July 1930, Patent No. 362,472, ‘Improvements in Electrical
Transmission Devices’, outlines an attenuation device that consists of a number of
networks constituting an artificial line of any type, balanced or unbalanced, which
can attenuate electric currents of all frequencies uniformly. The device would have
one or more sections consisting of a network of predetermined frequency charac-
teristics, together with sections of uniform attenuation with frequency, in order that
a given frequency preference or selection can be obtained with a uniform variation
of attenuation over all the frequencies.

The degree of frequency selection, or preference obtainable, could furthermore be
varied at will by the operation of a moving contact switch. These sections, with their
given frequency characteristics and definite impedance relationships, were to work
over any of the known equalizer networks and were to have constant impedance
characteristic of any wave filter provided they were sufficiently constant over the
transmitting frequency to work in a system such as the Columbia recorder.

The invention was further flexible enough to allow it to work with one or more
sources to feed the same load, in such a way that control over the relative attenua-
tion and impedance relationships between the various loads could still be con-
trolled. In this way the efficiency of transmission of an electric potential from one
piece of apparatus to another by means generally referred to as an ‘artificial line’,
can be improved and varied in a known and defined manner.

Essentially what had been invented here was a method of transmission of electrical
potential where the input to the system gave a constant impedance at the generator
or the load, regardless of how many or how few terminations were present. This
meant that a constant volume could be controlled using a minimum of moving con-
tacts, thereby reducing noise and effectively becoming more efficient. The system
has become known as the nt-line attenuator and its use as a constant impedance
volume control in professional audio equipment is now commonplace.

At around this time, late summer 1930, Blumlein began the relationship that
would eventually lead to his marriage. His mother, Jessie, was giving up her
flat in Linden Road (just off Muswell Hill Road) and going to see her relatives in
South Africa and wanted to store a rather nice Bechstein piano. Alan had, some 20
years before, been a pupil at Gothic House School and went to see Miss Chataway,
the headmistress and owner of the school, to see if she would be able to store the
piano at Gothic House, or at least be able to use it. Miss Chataway did indeed want
a piano for the school and so asked one of her teachers, Miss Doreen Lane, who
played a little, to come with her to the Blumlein residence to see the piano and to
try it out. Evidently Alan Blumlein must have been at his mother’s flat during the
visit and was introduced to Doreen who must have made quite an impression on
him.

Some years later, Doreen recalled the events of those first meetings:

‘As a matter of fact I played very badly, but I used to play for the children you
know, and she wanted me to go with her to see this piano. So, we went up,
though we didn’t see much of the piano, but had quite a nice evening, and
Alan sat with me while Mrs Blumlein and Miss Chataway chatted away, and he
took some pipe-cleaners, and made me three little dogs. And one was the
father, the mother, and the co-respondent put behind. That was Alan’s sense of
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humour; great sense of fun you know. And that was that. We said we would have
the piano.’

A few days later, Blumlein called on Miss Chataway at Gothic House, on the
basis of arranging something about the piano and, while there he asked after
Doreen:

‘Well, a few days after, we were having dinner that night, and Miss Chataway
said, “There’s Alan in his car again”, so in he came, and he chatted away and
said, “I've got to post a letter, will you come with me?” So I went, and when we
went outside he said, “I haven’t got a letter to post, I only wanted to get you
out”. Well that was the sort of start of it.

Well, then he said to me, what [ thought he said was, “Will you come flying
with me oneday?” I was a very travelsick person, so I thought oh, I can put that
off, so I said “Alright”, and he said, “Right. I’ll fetch you at 3 p.m.” I said, “What
do you mean?” and he said, “On Sunday”. I said, “I didn’t say I would come on
Sunday, I said one day”, “Oh no”, he said, “Sunday”. So I said, “Oh well, alright
if it doesn’t rain”. So, I went back to the others and said “Pray for rain on
Sunday at 3 will you, because I don’t want to go up in an aeroplane in the slight-
est”.

Anyway, he came, and we went off to Stag Lane; evidently he was a private
pilot and he had his licence, and of course it was this little open Gipsy Moth,
and we put on these helmets and things, and I thought “Well, I'll risk it”. I
suppose I was so scared of being sick in front of a strange young man. So we
came down and he said, “Will we have tea here?” And I said, “No, I don’t want
to stay here anymore”. So, we went off to a hotel in Radlett for tea, and I think
that started it. Then we started going out and that’s how I met him.’

Alan Blumlein was 29, and Doreen Lane 24. Their courtship would last another two
and half years before they married on 22 April 1933, with ].B. Kaye as best man.
Before that, Doreen would be forewarned about some of Alan’s ‘peculiarities’:

‘There was a joke amongst some of his friends, they used to call it “Blumlein-
itis” or “First Class Mind”. It seems that he didn’t want to know anyone who
didn’t have a first class mind. And, some friends of his, before I married him,
said to me, “Now Doreen, you’re going to come up against Blumlein-itis”. I said
“What do you mean?” They said, “Alan won’t have anything to do with anyone
who hasn’t got a first class mind”; and I did come up against it, but that was him
you see, and it was, at times, very awkward, because at times he was uninten-
tionally very rude to some people; he didn’t seem to be able to get his brain
down to their level.’

J.B. Kaye, however, was in no doubt that Doreen was the right woman for Alan
Blumlein:

‘I was delighted when I met Doreen because she was a character, and she had
a sense of humour, very charming and I thought “Yes, this girl will be able to
keep Blumlein under a sufficient degree of domestic control that will avoid any
serious rifts”. I thought to myself there will be a few brick-ends flying about the
kitchen, but that’s all part of life’s rich pageant.’
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The next patent that Blumlein applied for was No. 363,627, ‘Improvements in or
relating to Apparatus for the inter-conversion of Electrical and Mechanical Energy
such as Used in Sound Recording and Reproducing Apparatus’ (applied for on
Friday, 12 September 1930). While the title is rather long winded, it actually refers
to a very simple method for exchanging the materials used for damping the various
vibrations that occur in devices such as the Columbia recorder with substitutes that
would be more efficient. It was therefore a method of alleviating this phenomenon
by modifying the frequency response of the apparatus by substituting the damping
material, or inserting suitable material, to reduce the effect of resonance on the
whole structure.

In vibratory devices such as recording and reproduction systems, it had been cus-
tomary to introduce damping in the form of frictional or elastic forces imposed by
a material connected with the moving system. In this way, the vibration of the
moving system when oscillating (in the manner intended) would be suitably con-
trolled. Blumlein called this the ‘authorized mode’ of damping. It was also possible
therefore that unwanted movements such as vibrations within the moving system
itself could be present (caused by inherent flexibility in the supports of the system).
Blumlein called these the ‘unauthorized modes’ of damping.

Where damping was introduced into a system (whether the damping force was elec-
tric or electromagnetic), it would quite usually happen that these forces would be
completely ineffective in suppressing the unauthorized modes. Therefore, the
whole rigid structure of the device might have a resonant frequency in the working
range at which the lack of damping would cause a resonance of quite undesirably
large amplitudes. Worse still, these could occur from quite small forces acting upon
1t.

Blumlein explains it thus:

The invention described in this patent relates to devices employed for the
interconversion of electrical and mechanical energy, and is particularly
directed at devices in which parts of the apparatus tend to vibrate at varying fre-
quencies such as sound recording and reproducing systems. Where a damping
material is introduced to alleviate the effects of vibration in an authorized
mode, it does not follow that this material will have the corresponding effect
on vibrations of the unauthorized mode. In fact, as is usually the case, this is
what occurs. The object of the invention is to introduce a means whereby the
difficulties of damping the various vibrations caused by resonant frequencies,
are overcome and sufficiently suppressed so that unwanted amplitudes due to
resonation do not occur.

The invention consisted of a pivoted electric coil, the resonant pivotal oscil-
lations of which are damped electromagnetically. It was designed to replace the
damping methods previously used to offset the effects of vibration, such as
cork, rubber compounds and other like materials. The electromagnetic
damping method herein, proved sufficient to damp almost all of the oscilla-
tions that occur due to the resonant frequency of the assembly.

By the end of 1930, Alan Blumlein and Herbert Holman were tackling the question
of the mounting of the cutting head assembly and the consequences that their
initial inventions were having upon it. This patent, No. 368,336 was applied for on
Monday, 1 December 1930.
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Figure 3.10

Detail from Patent No. 368,336 (1930)
showing the mounting of the moving
coil cutting head assembly.

Prior to the Columbia recorder much of the recording that had been carried out
was done with the method known as lateral cutting. This allowed the cutting head
to pass through the wax blank thereby cutting a groove whilst being accentuated in
a lateral plane by the amplitude of the sound being recorded. The net result of tiis
was that the head would cut the groove deeper and, naturally, there was a recipro-
cal effect for low volume passages causing the cut of the groove to become shallow.
The lateral principle had been used (despite this effect) little changed, since the
1880s, the result of which caused a great deal of unwanted noise and was quite inef-
ficient as a sound recording system.

Blumlein and Holman now proposed a method which was intended to allow the
cutter to float in a vertical plane so that imperfections in the waxes would not cause
the groove depth to vary to such a degree, but rather only from the effect of the
amplitude of the sound being recorded. In so doing, their invention would not only
lay the foundation for the record industry that was to follow (right up until the
compact disc era of recent years), but also the stereophonic sound system that by
now Blumlein must surely have been contemplating.

Patent No. 368,336, ‘Improvements in and relating to the Mounting of Pivoted

Apparatus, such as Electrical Sound recording Devices’, relates to:

The mounting of parts of an apparatus (having motion about a fixed axis),
used with electric devices employed for recording sound on wax discs.

Figure 3.11

Detail from Patent No. 368,336
(1930). Similar to Figure 3.10 showing
the mounting of the moving coil
cutting head assembly but from I o i
above.
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In such a device, the recording stylus, in addition to being subjected to
lateral vibratory motion, whereby the sound record is made, is usually mounted
so that it may incorporate some vertical movement to accommodate for any
irregularities in the wax surface, and thereby maintain a uniform depth of cut.
The inertia of the apparatus in response to this vertical movement naturally has
a considerable effect on the accuracy and sensitivity of the recording. One of
the objects of the invention in this patent was to overcome previously encoun-
tered inertia difficulties and thereby improve the apparatus and to extend the
working frequency range to which it will respond.

It consisted of a method of pivoting parts of the apparatus in such a way that the
effective forces tending to move about the pivotal axis were reduced. This would
also require a method of assembly for the ‘floating parts’ of the cutter in such a way
that the effective inertia at the stylus point was reduced to a minimum. All of this
was to be based around a U-shaped electromagnet on the arms of which were
mounted bulky energizing windings. Between the poles of the electromagnet would
be the pivoted moving coil on which the recording apparatus, stylus assembly
(cutting head) would be mounted. The moving coil would in this way form a sec-
ondary winding in the actuating circuit. Being mounted thus in a magnetic field of
great strength it would oscillate in a manner suitable for the cutting of a record.

The moving coil assembly is mounted in a manner whereby it oscillates in an
ostensibly vertical axis (this was to allow for any unevenness of the disc
surface), however, the movement of the whole device is desired about a hori-
zontal axis. Because of the angular relationship of the electromagnetic circuit
to the moving coil assembly, this is in actual fact possible, and the resulting
operation is a freely moving, suspended cutting assembly, contained within the
control of the electromagnetic field, able to move in both axes.

In order that the recorder may produce a uniform depth of cut (in an
uneven surface of a wax blank), it is necessary that a small increase of depth of
cut should produce as large an acceleration as possible of the recorder
upwards, or vice versa, so as to restore the correct depths as quickly as possible.
This condition is best realized when a line drawn from the sapphire (of the
cutting head) to the axis of the floating assembly subtends an angle of 45° to
the wax surface. Il however a very uneven blank is being used, the forward
movement of the sapphire will cause a change in speed. Under these condi-
tions, it is advantageous to reduce this angle to less than 45°, in order that this
forward movement for a given vertical movement (into the blank) may be
reduced. It was found that angles between 30° and 50° were the most advanta-
geous,

What Blumlein and Holman have described here is a method of cutting a blank
record using the assembly they had already patented, i.e. the Columbia recorder,
but having modified the cutting head assembly so that it is suspended in a magnetic
field that will allow free movement of the head in the horizontal and vertical axis.
In this way they could determine the optimum cutting angle for the assembly to the
disc surface, and the angles subtended by the sides of the groove to the vertical,
which turned out be around 45°. As time went by, this system was to become known
as the ‘45/45 degree cutting method’, and it eventually won over the ‘Hill and Dale’
system because the lateral movement produced a mono output, the vertical being
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the ‘S’ component, thus mono compatibility. Later, it was discovered that mono
pickups could be used for binaural recordings provided their vertical compliance
was good enough not to plane the groove flat.

Such was the nature of their invention that Blumlein had proposed it would be best
suited to a material other than wax, and suggested that cellulose acetate be used
instead as the material for the master disc. He also mentions that the cutting tip
should be made from sapphire rather than the steel needles which were common-
place at the time; of course this too was eventually taken up as the de-facto master-
ing material for record cutting. The 45/45 degree cutting system would thereafter
be used in record manufacture, almost unchanged from the date of this patent, to
the present day.

Microphones and more

Somewhere in late 1929, just as the basic construction of the MCIA recorder was
being completed, Blumlein had the idea that the project for which Shoenberg had
employed him had far greater potential than that which he was currently engaged
in. Why not, he reasoned, continue the process to design an entire recording system
having all the elements of an electromagnetically operated cutting and recording
system, rather than just construct the recorder? If the recordings that were being
made were of a better quality to start with, surely it would improve the overall final
quality of the finished records pressed from the masters cut on the Columbia
recorder.

As early as May 1929, Blumlein and Holman were engaged in conceptual designs for
a high frequency microphone that they had worked on in parallel with the
Columbia cutter until the end of that year. They appear to have started the work as
an investigation into the effect of a diaphragm on a coil, but stopped this to con-
centrate on the cutter first. By the time they returned to it, another year would have
gone by. As we know, Shoenberg had already been given the task of developing a
high frequency microphone and it was to this that Blumlein now turned his atten-
tion.

Concentrating on the completion of the MCIB first, Blumlein decided to apply the
principle of the moving coil to a pressure microphone as soon as the job was fin-
ished, as he felt certain that it was equally important to have a licence-free micro-
phone to pick up the sound. As soon as the Columbia recorder was ready and had
been tested and approved, work on the high frequency microphone began again
where it had been left at the end of 1929. This was critical to the concept of a com-
plete Columbia system as, in the absence of a Columbia high frequency micro-
phone, the only alternative was the Western condenser transmitter (CT)
microphones that they had been using and the use of these would still require
royalty payments.

The calculations on a moving coil microphone were carried out in the spring of
1930 and seemed to indicate that a permanent magnet design would have inade-
quate field strength. The original intention had been to design an electromagnetic
microphone which could be powered by car batteries. In fact such a design was tried
using Austin Seven batteries from several cars in the car park, but these proved inad-
equate. Nevertheless, Blumlein decided to go ahead with the project and had the
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design for a diaphragm and its surroundings ready by August 1930. The spacing
between the centre and outer poles was set by a wellitting ring of cadmium bronze
of low resistance which also helped to damp the moving coil. The diaphragm itself,
constructed by Holman, needed to be both lightweight and stiff. This was made
from a piece of balsa wood which had been cut into a very thin layer, impregnated
with celluloid, with thin sheets of shallow concave aluminium foil waxed onto each
side.

The edge of the diaphragm was compressed (it had no balsa wood at this point) and
at first the flat edge which had been thinned by etching was simply clamped. This
however, caused the edge to wrinkle and gave the diaphragm inadequate compli-
ance. Blumlein decided that the two ridges, which were formed between the clamp
and the diaphragm, were too deep, and affected the acoustic impedance of air pas-
sages behind the diaphragm. These had been designed by ‘Ham’ Clark, but
Blumlein redesigned them, this time with four ridges, which seemed to solve the
problem. The coil was made of anodized aluminium and backed onto an alu-
minium former (which had a slit in it to eliminate eddy currents). This was riveted
onto the diaphragm.

The grille for the microphone and the air cavity between it and the diaphragm, and
the cavity behind the diaphragm were also designed by Blumlein, who was fully
aware that Western had a patent for a moving coil microphone. This meant that air
in this cavity could not be used for damping. Instead, Blumlein included a calcu-
lated amnount of cotton wool to prevent cavity resonance. This had been determined
by measurements carried out by Ivan L. Turnbull. Damping of the bass resonance
was designed once again to be carried out by loading the microphone from its
amplifier so that the input impedance, set by a series resonant circuit which also did
most of the equalization, created the damping.

At this point, Blumlein decided that a feature of all the microphones would be that
they should be interchangeable and have the same resonant frequency of 500 Hz.
This meant that careful control of the diaphragm mass and the stiffness of the edge
would have to be maintained, and this work, coupled with the other tests, took
much of the remainder of the summer of 1930.

The first prototype microphone that Blumlein was happy with was the result of over
twenty attempts at constructing the coil and the surrounding cavity. Blumlein was
rarely satisfied unless something was absolutely correct in his estimation, and this
particular instance is a good demonstration of how he would labour away at some-
thing regardless of time and energy expended until it was right. Curiously it was also
initially called the ‘MCI1A’, which had been the name of a prototype of the cutter.
The microphone was named the MCI1A because by this time the recorder was called
the MCIB. In time however, to avoid confusion, the microphone was called the
‘HB1A’, named after ‘Holman and Blumlein’.

The first HBIA microphone to be completed was received by Blumlein on
4 November 1930 and was tried the next day, though it gave rather disappointing
results. The problem seemed to be that the coil was not moving freely in the gap.
Refinements were made to a second prototype with the centre pole-piece being
reduced by 0.01 inch, which gave some improvement, though impedance tests with
a loaded diaphragm indicated that it was not moving as a true piston, but pivoting
about a point near the edge. Blumlein concluded that this had arisen because the
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tension in the diaphragm edge was not uniform and so a screw tensioning arrange-
ment was added, which became a permanent feature of the design and used to
adjust the resonance of the diaphragm to 500 Hz. At the same time, despite
Turnbull’s original calculations, Blumlein decided to double the amount of cotton
wool in the cavity behind the diaphragm. The specification for the second model of
the microphone was now considered significantly different from the first and was
thus called the HBIB and sent away for construction.

At around this time the microphones began to acquire other names; nicknames, to
which many people, including Blumlein’s wife-to-be Doreen, would always refer.
They were called ‘HBs’, or *hell’s bells’, which was a favourite phrase of Alan’s when
things didn’t quite work out for him, usually followed by ‘buckets of blood!’
Sometimes, ‘HB’ took on the guise of ‘hot and bothered’, because Doreen thought
that Alan always became so when he was frustrated, mostly with himself.

With the changes made to the original HBIA-1 (done while the HBIB was
being constructed), a series of extensive tests of the motional impedance were
carried out through November and into December, to enable the parameters of the
equalizer for the HBs to be calculated. These tests usually had good results, but it
was very time consuming and Blumlein must have become a bit disillusioned with
the time it was all taking because he designed a new equalizer with the components
arranged in a series of switchable banks, which was then used in yet more tests.
Finally, Blumlein was satisfied that the prototype microphone and the new
recorder were ready for the first tests. These were carried out on Monday,
8 December 1930.

The first recording made was of a Mr Sparks playing the piano (reference no.
RWTT535/1), followed on the next day by the Van Philips Dance Band
(RWTT536). There are no notes of Blumlein's or anybody else’s comments,
however a frequency run dated 19 December shows very good, smooth and even
characteristics. There were further voice-only recording tests (RWTT549/1 and
RWTT549/2) carried out that day using both the HB and CT microphones for com-
parison. These were repeated on 23 December (RWTT554/1 and RWTT554/2).
The same day (Tuesday, 23 December 1930), Blumlein wrote down a detailed
description of the HB microphone and its special features that would enable the
draft specification to be drawn up (eventually Patent No. 369,063).

Yet more tests were carried out in the New Year; on 6 January 1931, The Greenings
Band was recorded (curiously, the serial numbers RWTT/1 and RWTT/2 seem to
have been used, but it is unlikely that these refer to the first and second ever record-
ing sessions), using a bass ‘depreciator’ (which we would know today as an attenua-
tor) of 0.7 dB at 100 Hz and 2.3 dB at 50 Hz, and a high frequency boost of 0.7 dB
at 500 Hz and 2 dB at 5 kHz. The results of all these tests were noted by Blumlein
and incorporated into the first production model of the HB1B microphone and its
associated equalizer, which was ready by the end of January. The new microphone
had the two new features which Blumlein felt sure eliminated the cause of much of
the trouble in the earlier tests; the increased clearance for the moving coil, and a
stretchable diaphragm which had involved increasing the size of the diaphragm
itself. The profile of the inner surface of the stretching ring governed the size and
shape of the cavity outside the edge of the diaphragm, and this would cause a great
deal of consternation in the next few weeks during a series of tests that were carried
out to determine the effect of this.
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Often two or three different profiles a day were designed as Blumlein tried
to get the optimum shape, the work often going on until late in the evening. It was
probably now that the phrases ‘hell’s bells’ and ‘hot and bothered’, began to
come to the fore. In the end, eighteen profiles were made with the final design
ready in late February 1931. In early March a new problem occurred; there was dis-
sipation in the field-coil which warmed up the microphone chassis and altered the
bass resonant frequency. This problem was traced to the alteration in the mass
of air vibrating and it was quickly solved by changing the bass resonance setting
slightly.

On 20 March, further recording tests were carried out comparing the Western CT
microphone with the new HB1A-1 and the HB1B with various ‘brightening’ adjust-
ments being made. By 29 March, when three discs were cut (RWTT679/1,
RTWW679/2 and RTWW679/3), each using the HB1B, the brightening effect of
+4 dB at 5 kHz was found to be ‘most acceptable’, and in May, further HB1B micro-
phones were received from construction and tested. In this form, the microphone
was to be used in EMI recording studios, by the BBC at the London Television
Station, Alexandra Palace for many years to come. Curiously the BBC did not
choose the HB microphone for radio work, preferring the BBC-designed Type A
ribbon microphone. Perhaps this was partly due to cost, the ‘Type A’ being ‘inex-
pensive’ at £9-0s-0d, while the moving coil HBIB cost £40-0s-0d. There were later
variants, all of which were used by the BBC for television work. The HB2, HB3 and
HB4 microphones all derived from experiments with the field strength, the final
design being the HB4C. Blumlein’s notes on microphones end on 16 November
1933, when he made an entry for the flux measurement ‘No. 82’ of an HB1B micro-
phone, though additional work was carried on (for many years) by Clark, Turnbull,
Holman and others.

The company now applied for the specification for the microphone which lists
Blumlein and Holman as inventors — Patent No. 369,063 — on Wednesday, 13 May
1931, as a moving coil microphone which had a rigid diaphragm suspended in an
electromagnetic field. The invention consisted of an electro-acoustic device having
a vibrating system comprising of a substantially rigid, piston-like, diaphragm con-
nected at its outer edge to a flexible airsealing surround.

The diaphragm is composed of a light wood such as balsa covered on either or
both sides by a thin plate of aluminium (or other light metal or alloy). The
main resonance of the device is controlled by electromagnetic damping with
an electromagnetic coil adapted to move within a magnetic field. The micro-
phone works by the movement of sound waves impinging upon the piston-like
diaphragm. In order for this to work the diaphragm should be rigid so that it
is free from any resonant frequency due its own flexure, however, the
diaphragm should be of sufficiently low mass that it will respond well to the
high frequencies acting upon it. Part of the object of this invention was to over-
come the conflicting requirements of high rigidity and low mass, this objective
would be met if the diaphragm was made of a three ply construction, consist-
ing of two thin layers of metal (such as aluminium), enclosing a centre of light
wood (such as balsa).

If air is permitted to pass freely from the front to the back of such a
diaphragm, the response of the device at all low frequencies will be impaired
due to the diaphragm receiving almost equal vibrations of sound pressure on



The audio patents 59

> enad 8 R0~y

Figure 3.12 j
Detail from Patent No. 369,063 TRV
(1931), cross-section of the IR
prototype HB1A microphone.

both its front and back faces. Therefore it is necessary to provide a closed cavity
(or baffle), containing or shielding the air behind the diaphragm and the sides
of the air cavity.

Such a seal in a microphone cannot take the form of a frictional packing on
account of the delicate nature of the movements of the diaphragm, therefore
a thin elastic surround is provided between the diaphragm and the sides of the
cavity. The diaphragm then forms a rigid piston, closing the mouth of the
cavity, the edge of the diaphragm being sealed by a thin surround which stops
the direct access of air to the cavity, but nevertheless permits the diaphragm to
move. In this manner, the surround, which forms the air seal, may conveniently
support the diaphragm also.

At the back of the diaphragm, within the cavity, is an attached coil which can
move freely in a magnetic field provided by an electromagnet or permanent
magnet. The coil serves to convert the mechanical movement of the
diaphragm into electrical impulses, and may also be used for the provision of
damping for the resonance of the mass of the diaphragm and its elastic con-
straints.

The HB1B microphone became the eventual product of this patent and it was con-
sidered so good that it immediately became the preferred choice of the newly
formed EMI, and soon after HB1Bs were being sent to the BBC. Fairly soon after,
EMI were manufacturing them to be sent to studios all over the country. Engineers
loved it, and the recordings produced from these microphones, especially classical
recordings, were the best obtained up to that point in time. The microphone was
hugely successful and would be used for many years to come. Originally known as
the Blumlein microphone, in later years his name was dropped from the product,
but was retained in the microphone technique by which most audio engineers will
have heard of him.

By September 1931, the senior management of the new EMI company had finally
realized the worth of their engineering and electronics prodigy and had met to con-
sider a special bonus for Blumlein, Herbert Holman and ‘Ham’ Clark for all their
work on the Columbia recording system. They decided to award Blumlein the
princely sum of £200 for his efforts, not an inconsiderable sum of money at the
time, yet seemingly very small compared to the vast amount that the new recording
system was now saving them in royalties to Western Electric and Bell Labs, and the
royalties it would earn from other companies using it to cut records.
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Nevertheless, typically gracious for their consideration, Blumlein wrote to his
employers on 13 September 1931, thanking them:

From: - A.D. BLUMLEIN

67 Earls Court Sq.
S.W.5.

13th Sept 1931

Dear Sir,

I am writing to you to thank the company for the bonus which I have just
received in connection with the new recording system. I appreciate that, that
the face value of the bonus is considerably enhanced by the depressed times in
which it is made, and I am therefore very grateful for it.

May [ also thank the company for having given bonuses to Messrs Holman and
Clark, whose very good work, I was hitherto afraid was not fully appreciated. My
fears on this score, I find unfounded.

Thanking you Sir

Yours faithfully.

Binaural sound

One day in 1931, Alan Blumlein took Doreen to the cinema and said to her during
the film: ‘Do you realize the sound only comes from one person?’ Doreen, by her
own admission, was not a technical person and so replied to him, ‘Oh does it?’ and
he said, ‘Yes. And I've got a way to make it follow the person.’

Alan Blumlein had just tried to describe his first thoughts about the system he would
always call ‘binaural sound’, but which we have come to know better as stereophonic
or stereo sound. Blumlein explained to Doreen that, if she could imagine being
blind, and sitting in the cinema, she would be able to point out exactly where the
person was on the screen with his system. This, of course, was what he was trying to
achieve, not this ‘terrible effect” where the sound comes from one side of the screen
when the actor was at the other side.

In truth Blumlein had been considering binaural sound for some time before the
conversation at the cinema, probably conceiving the idea somewhere between
March 1931 when the HMV/Columbia merger was taking place, and 1 November
1931, when the joint research laboratories were set up. While most people were
seemingly content with monophonic recordings, or single channel sound, Alan
Blumlein typically, had already decided that sound recording should try as best as
possible to match human hearing. As humans have two ears, and the properties of




The audio patents 61

binaural hearing had been known for some time, it seemed obvious to him that
recordings should also have at least two channels of sound, if not more.

Once again, he was somewhat surprised that nobody else had come up with the
idea, just as with the application of electromagnetic damping to the recording
system for Columbia, but seeing as nobody had, Blumlein had chosen to take on the
task himself. It is true that Bell Labs at around this time had been working on a
system where arrays of microphones were being fed into arrays of loudspeakers, but
Blumlein’s idea was fixed in his mind. As human hearing was based on two ears, so
his sound theory should be based on the binaural characteristics of sound reaching
those ears. Just how far into the project to complete the Columbia recording system
Blumlein was at the time he decided that binaural sound was the goal, is now uncer-
tain. Again, typical of the man, he kept very few notes on his work, usually explain-
ing the ideas in his head on a blackboard, or the back of a scrap of paper to his
colleagues, rather than write them out long-hand as he solved the problems he set
himself.

Years later, during a radio interview, Philip B. Vanderlyn, who had been a young
research engineer at EMI working under Blumlein and who would go on to write a
paper with Henry Clark and G.F. Dutton for the Institution of Electrical Engineers
on stereophonic recording derived entirely from Blumlein’s work, explained how
many key moments in Blumlein’s train of thought had been lost this way: ‘Every day
he would come round the research laboratories and talk with everyone. Going back
through his papers, I would have expected to find a lot of theory, thoughts and cal-
culations. But they didn’t emerge and I often wondered where the devil they were.
I would have expected some sort of master plan. But the core of his work was
missing.’

What is certain is that somewhere in the late summer of 1931, Blumlein began
to explain to Shoenberg his idea for a totally new concept of recording sound,
something which he felt sure would revolutionize the flat, lifeless recordings
then being made. While Shoenberg was naturally excited that his star engineer
had yet more potentially lucrative ideas, it was probably natural for Shoenberg
to be more than a little cautious. After all, they had only just completed and
patented the Columbia recording system. Wasn’t that an entirely new and wonder-
ful system for making recordings? Now, here was Blumlein with another idea again,
proposing dramatic new ideas before the current one had even had a chance to be
unveiled.

In a series of surviving hand-written notes dated 25 September 1931, Blumlein
heads the page ‘Binaural Speech Trials’, though there is no direct evidence that any
such trials were carried out at this time. Blumlein calculates the value of an element
he calls ‘K’, which is the ability to modify the signal of the microphones to recreate
the phase difference at the listener’s ears. The path difference from the two loud-
speakers can give sufficient phase difference when they are summed in the listener’s
ears, if the difference in amplitude of the signals is then correctly modified. This
Blumlein does by deriving the ‘sum’ and ‘difference’ signals, the difference signal
being fed through n/2 using a current-fed capacitor which also reduces the signal
by 6 dB per octave (6 dB/8 ve). This new difference signal is then added to and sub-
tracted from the sum signal to form two new signals to the loudspeakers. Blumlein
called the process ‘shuffling’ (which we take today to have a different meaning to
that which Blumlein originally uses here).
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Figure 3.13 Alan Blumlein’s hand-written notes from the binaural speech trials dated
25 September 1931, in which the principle element ‘K’ is first mentioned and calculated.
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Many years later, Shoenberg would admit, as would many of Blumlein’s colleagues,
that the idea of binaural sound was in fact so far ahead of its time, that he and the
others simply could not get their heads around the concept. It was something that
lived in the mind of Blumlein and was, to all intents and purposes, misunderstood
by many of those around him. This did not deter Blumlein from working on the
project as we now know, nor did it deter Shoenberg from encouraging him in his
efforts. It is however, a little sad to think that throughout the remainder of 1931,
when the binaural sound patent was finally published, probably very few of his
friends and colleagues, even the engineers and scientific ones capable of under-
standing most of the technological advances of the time, were unaware of just how
incredible and farsighted the idea had been. They, like EMI, would have to wait
another twenty-five years or more to see the fruits of Blumlein’s mind ripen with the
advent of stereophonic sound recordings.

Patent No. 394,325, ‘Improvements in and relating to Sound-transmission, Sound-
recording and Sound-reproducing Systems’, was first applied for on Monday,
14 December 1931. It comprises 22 pages of outline, with 11 supporting diagrams
and their legends. Quite how Blumlein intended to apply his work to a practical
design we shall probably never know as many of the applications that were tried were
rushed; work on the television system that EMI had committed itself to increasingly
took over the research laboratories. The principle for stereophonic sound however
is clearly laid out with subtle and tantalizing yet definite hints at cinematographic use
as well as a multi-channel audio system beyond the specifications of this one.

Blumlein was an immensely modest man, quite often not fully aware of his own
genius. However he must have had some feeling for the enormity of this work as he
begins the patent by explaining (in some detail) how the human hearing system
works and how this relates to the methods he was trying to apply within his *binau-
ral sound’ system as he called it. Much of the original patent has been reproduced
here, with the references to the diagrams (figures, which are reproduced along-
side), which Blumlein used to outline his invention.

The invention relates to the transmission, recording and reproduction of
sound, being particularly directed to systems for recording and reproducing
speech, music and other sound effects especially when associated with picture
effects as in talking motion pictures. The fundamental object of the invention
is to provide a sound recording and reproduction system whereby a true direc-
tional impression may be conveyed to a listener, thus improving the illusion
that the sound is coming from the artist or other sound source as presented to
the eyes. In order to fully appreciate the physical basis of the invention the
stages of its development as well as the known and established facts concerning
the physical relations between sound sources, and the human ears will be
briefly summarized.

Human ability to determine direction from which a sound arrives is due to
binaural hearing. The brain is able to detect differences between sounds
received by the two ears from the same source and is thus able to determine
angular direction. This function is well known. With two microphones cor-
rectly spaced and with the two channels entirely separate, it is also known that
this directional effect can also be obtained for example in a studio; but if the
channels are not kept separate (for example, by replacing the headphones by
two loudspeakers) the effect is largely lost.
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Figure 3.14

Detail from Patent No. 394,325 (1931)
Blumlein’s binaural patent. Here,
showing how from a listening position
‘a’, two microphones ‘a,’ and ‘a,’ sep-
arated by a baffle, can have their

€g independent frequencies fed into a
‘shuffling’ network ‘c’ and relayed back
to the listening position via loudspeak-

V ng ers ‘e,” and ‘g,’.

The invention contemplates controlling the sound, emitted for example by
loudspeakers, in such a way that the directional effect is retained.

While the operation of the ears in determining the direction of a sound
source is not yet fully understood, it is fairly widely established that the main
factors having effect are phase differences and intensity differences between
the sounds reaching the two ears; the influence which each of these has being
dependent upon the frequency of the sound being emitted.

Broadly, the invention consists of a system of controlling the intensities of
sound to be (or being) emitted by a plurity of loudspeakers or similar sound
sources in a suitably placed relationship to the listener. This is done in order
that the listener’s ears will note low frequency phase differences and high fre-
quency intensity differences suitable for conveying to the brain the desired
sense of direction of the sound origin. In other words, the direction from
which the sound arrives at the microphones determines the characteristics
(and more especially the intensities) of the sounds emitted by the loudspeak-
ers in such a way as to provide this directional sensation.

Furthermore, the invention consists of a sound transmission system wherein
the sound received by two or more microphones (with low frequency differ-
ences in phase of sound pressure at the microphone), is reproduced as differ-
ence in volume at the loudspeakers. Two microphones should be spaced with
their axes of maximum sensitivity so directed relative to one another (this is
‘shuffling’ as we know it now) and to the sound source that, the relative loud-
ness of loudspeakers which reproduce the impulses is controlled by the direc-
tion from which the sound reaches the microphones.

The invention also consists of a mechanical system where the above refer-
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Figure 3.15

Detail from Patent No. 394,325
(1931). Two velocity microphones ‘n’
and ‘0’ are placed with their axis per- \
pendicular to one another and each at ~ g7

an axis of 45° to the direction of the &0
centre of the screen and the direction SN

of the source of the sound. Vv N

enced two channels of sound impulses are recorded in the same groove of a
record, and in combination with the means of transmitting the same impulses
by radio telegraphy, as well as photographic recording or transmission and/or
reproduction of pictures.

For the purpose of demonstration, the sounds recorded and reproduced
may be received from a source by two pressure microphones (a; and a,),
mounted on