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APPRECIATIONS
BY FORMER COLLEAGUES

W. L. BORROWS
B.Sc., D.LC.. R.IN.S.S.

SUPERINTENDENT., ADMIRALTY RESEARCH LABORATORY

R. ALBERT BEAUMONT WOOD died suddenly on 19th July, 1964,
whilst on holiday and, with his passing. an era in Naval Scientific Research
t=) | came to an end. Born at Uppermill in the West Riding of Yorkshire
2 % £ in 1890, A. B. Wood received his education ai Huddersfield Technical
Xyl College and at Manchester University where he graduated with st
class honours in Physics in 1912. Staying on at the University he joined Sir Ernest
(later Lord) Rutherford’s team of exceptionally brilliant scientists carrying out
research in atomic physics. Amongst his collcagues were H. G. J. Moseley,
C. G. Darwin, Hans Geiger, Niels Bohr, Ernest Marsden, J. Chadwick,
E. N. da C. Andrade, Fritz Paneth, G. von Hevesy and others whose names
are now household words. Two years afterwards in 1914 he was appointed
Oliver Lodge Research Fellow at the University of Liverpool. later becoming
University Lecturer in Physics, but throughout kept in close contact with Rutherford
at Manchester.

All the omens predicted for A. B. Wood an academic career of high distinction
but, like many young men of his time, he became dissatisfied with the apparent
calm of the academic world when the nation was plunging deeper and deeper into
war and in the summer of 1915 he asked Rutherford to sign papers recommending
him for a commission in the Air Force. About this time. however. the Admiralty,
seriousty concerned about the German Naval threat. was forming the ** Board of
Invention and Research ™" under the presidency of Admiral of the Fleet Lord Fisher.
Rutherford, whose laboratory was aiready carrying out experiments on underwater
sound. suggested to A. B. Wood that his talents might more usefully be employed
in this field than in the air and shortly afterwards “A.B.” became one of the first
two physicists to receive an official appointment to the Admiralty under the B.LR.
This event may properly be regarded as the birth of the R.IN.S.S.

Of the trials. vicissitudes and successes which followed over the next 45 years
and more, “A.B.” has himself written in a series of articles published in J.R.N.S.5.
In the first of these he apologises for making his account of the growth of science in
the Admiralty something of an autobiography. but in fact the progress of research
in underwater warfare was so linked with his own work that any history of one must
be largely a biography of the other. 1t is interesting to reflect that when A. B. Wooed
joined the Admiralty, knowledge of underwater sound propagation consisted of little
more than one series of velocity measurements in a Swiss lake and one on the
propagation of explosion waves in the sea. whereas in the last few vears of his life
his shaliow water sound propagation experiments-—although marked by characteristic
elegance and simgﬂicily—required the services of an advanced eleclronic computer
to analyse the results and confirm the theory.
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Space does not permit the recording here of more than a few of his technical
achievements, and any selection must be a matter of personal choice, but mention
must be made of his very accurate measurements of sound velocity in sea water, the
development of the first cathode ray oscillograph for recording underwater explosion
pressure-time curves, a directional hydrophone and the magnetostriction echo depth
recorder. The original model of the latter is still in good working order to-day. Its
accuracy was clearly demonstrated during the original proving trials in the Clyde.
“A B." was in the cabin of the trials boat watching the depth recorder and thought
it advisable to warn the coxswain that he was getting very short of water under the
keel. The coxswain assured him that there was at least another 200 yards to go before
there was any need to worry—and at that moment the boat gently ran aground !

Dr. Wood served the Admiralty in many places and capacities: Aberdour.
Parkeston Quay, Shandon, the Admiralty Research Laboratory. Teddington {on its
formation in 1921 and later as Deputy Superintendent), H.M. Signal School, Ports-
mouth. H.M. Mining School (as Chief Scientist) and at R.N.S.S. Headquarters as
Deputy Director of Physical Research. He formally retired from the Deputy Director-
ship in 1950 and immediately returned to Teddinglon to take up again his rescarches
in underwater sound. He was always happiest when working in a laboratory and had
returned to this country after a year at the U.S. Naval Electronics Laboratory, San
Diego. only a very short time before his death.

He had many publications to his credit and his Text Book of Sound, first pub-
lished in 1930. was and still is the standard work on the subject. He was awarded the
D.Sc. degree of his University in 1919, became a Fellow of the Physical Society in
1920 and was a Founder Feliow of the Institute of Physics. In 1952 he was awarded
the Duddell Medal of the Physical Society and in 1961 received the ** Pionecr of
Underwater Acoustics > award of the Acoustical Society of America. The latest
addition to the fleet of research vessels operated by Marine Acoustical Services Inc.
of Miami has been named the “A. B. Wood ™ in his honour. For his services to his
country and in particular recognition of his part in dismantling the first German
magnetic mine recovered in 1939, he was, the following year made an Officer of the
Order of the British Empire.

Notwithstanding his remarkable achievements, he was a man of singular modesty
and very great kindliness, He was always ready lo help in any way he could and his
younger colleagues in particular owe much to his wisdom, patience and inspiration.
This did not mean that he could not be severe when he felt the situation demanded
it. The story is told that on one occasion after reasoned argument had failed w
convince a voung man that certain rather extraordinary values the latter had obtained
for the internal tension of water should not be explained by an equally extraordinary
theory, “*A.B."" finally closed the discussion by saying: ** Well, Mr. X, if you are right,
then everyone who has ever measured the velocity of sound in water is wrong!™

All who have known A. B. Wood have deemed il a great privilege and it has
been a considerable honour for the Admiralty Research Laboratory to have had him
on its staff so long and a matter of great regret that he has not lived that little longer
to have completed 50 years in Naval Service.

His work was his life and he was sustained in it by the devoted support of his

wife Ethel. born in his native village, whom he married in 1916. His work will survive
and others will build on it; “A.B.”" would not have asked for more.
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LAURENCE BATCHELDER
A.B., M.S,
RAYTHEON COMPANY, US.A.

To have known Dr. Wood even briefly is a privilege. My own association with
him was particularly happy becausc of the glad circumstance that brought it about.
In November 1961 he was awarded the Pioncer of Underwater Acoustics Medal by
the Acoustical Society of America and it was my pleasant duty to make the
presentation.

Our friendship began in England the previous June when I asked if I might
call to discuss the plans for the award. [ had feared he might think Cincinnati too far
for him and Mrs. Wood to travel for just a medal. My request for an appointment
was answered by a cordial invitation o my wife and me to lunch at Chamfer, in
Hampton-on-Thames, My fear had been unfounded. There was no need of urging
for the Woods were eager for the (rip. They gave us a delightful meal and a cheerful
visit in the garden,

The Woods came to Cincinnati where their warm and genial personalities won
many friends at the Acoustical Society Meeting. Dr. Wood gave a formal talk about
the history of asdics. and contributed actively and most usefully 1o the discussions
of many current problems of underwater acoustics. As a climax, his delightful and
gracious speech of acceptance of his award was a pleasure never o be forgotten.

Before flying back to England, the Woods made a series of visits in thc United
States and Canada, culminating with four days at our home in Cambridge,
Massachusetts. These days included a drive Lo New London to see Dr. J. W, Horton,
another to Woods Hole Oceanographic Institution, a luncheon with Dr. and Mrs.
H. C. Hayes, and dinner with the Leo Berancks and the F. V. Hunts. The untiring
Woods withstood the unrelenting pace and left a trail of happy memories with their
American friends, both old and new.

The next time I saw Dr. Wood was the occasion of another plcasant visit 0
Chamfer. T was there to ask if he would consider spending a year as Consultant at
the U.S. Navy Electronics Laboratory in San Diego. This required considerable
urging, not because he was hesitant to undertake a new venture in another country,
but because he was reluctant to interrupt his research at Teddington. Eventually
he accepted, mueh to the good fortune of the U.S.A, This happy and beneficial vear
was an ideal culmination of his creative and inspiring life.

Our last meeting was in London in June 1964, where my wife and L. returning
from the Continent, spent one night before flying the Atlantic. As we lacked the time
to go to Chamfer, the Woods came to meet us at our hotel. Our flight arrived so late
that we almost missed them altogether, but before the last bus 10 Hampton-on-
Thames we did have a few minutes of hurried conversation, They told us of their
joy in San Diego, of the new boat in Miami to be named the A. B. Wood, of the
friends they had left behind, and the welcome of their friends in England.

Then it was time to go. We said goodbye and watehed them step oul briskly.
almost running, into the traffic and a drenching summer shower. Once safely across
Osxford Street, and barely visible in the rain, Albert turned and waved farewell.
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SIR FREDERICK BRUNDRETT
K.C.B., K.B.E., M.A.
CIVIL SERVICE COMMISSIONER

Although, of course, I knew Albert Wood by reputation as one of the best
scientists in the Admiralty Scientific Pool, 1 did not actually mect him until I came
up to the Admiralty Lo join S.R.E. Department in 1937. From then until I went
10 the Ministry of Defence in 1950, I saw a lot of him.

In his special field of underwater acoustics he had, of course, an international
reputation bul he was worth consulting and indeed was frequently consulted on many
scientific problems, He was, too, an excellent leader of a scientific lcam and first
class at bringing out the best in the young aspirant.

He was not at his best in an administrative capacity. [ remember early in the
war when he was Superintending Scientist at M.D.D. trying to help him by providing
him with a first-class sccretary, but this gesture can hardly be said to have been
successful.

In a more civilised age, Albert would, of course. have been in the Special Merit
class and we should have been able to reward him adequately without inflicting on
him an unsuitable load, which prevented him doing the work at which he was so
good.

One could not have met a nicer or more modest person. He had great personal
courage as was evidenced by the part he played in dealing with the first German
magnetic mine recovered on 23rd November 1939,

He served the Admiralty well and we who were associated with him will always
be the better for having known him.

SIR EDWARD BULLARD
M.A., Sc.D., Ph.D., F.R.S.
FELLOW OF CHURCHILL COLLEGE, CAMBRIDGE

I first met A. B. Wood when | joined HM.S. Vernon in November 1939 at
the start of the work on degaussing and on the sweeping of magnetic and acoustic
mines. During the cightecen months that I worked on these things 1 did not see a
grcat deal of Wood since he was mainly concerned with the design of our own mines.
When I did, it was always a pleasure; he was friendly, gentle, quietly humorous, de-
lightfully intelligent and deeply knowledgeable about underwater warfare. He had
foreseen so muny things and done so much during and since the 1914-1918 war.
He had devised an acouslic ntine, was largely responsible for the design of our
magnetic mine and had played a large part in the work on the magnelic field of ships
during the thirties.

He and Butterworth scemed to me among the best physicists [ had met and it
surprised me to find that they were both so doubtful about their.powers of influencing
policy and gelting their ideas effectively used. It is a real tragedy that the Navy made
relatively ineffective use of their talents when they were at their most productive. It
seemed to me that il was not only thalt money for the Navyv was short belween the
wars, but that there was a real lack of appreciation of how to run an effective research
and development organisation and how 10 keep scicntists happy. I am sure that we
really do know better now.

7

N




-

GEORGE E. R. DEACON
C.B.E., D.Sc., FR.S.
DIRECTOR, NATIONAL INSTITUTE OF OCEANOGRAPHY

Dr. Wood's keen interest in the sea and his feeling for a systematic approach to
scientific problems were a great help to the wave group set up in the Admirally
Research Laboratory in 1944, There was some urgency aboul the work which
sought more precise understanding of variations in wave characteristics in relation
to the wind, and of their effect on offshore submarine bars and beaches, as well
as requiring instruments that would make forecasting and reconnaissance easier.
but it was not easy to fit such new work inio the already over-extended facilities
and crowded accommodation of a war-time laboratory working at full streich. Nor
could quick results be promised. The groups of high and low waves and other
readily observed variations in a complex wave patlern had long been attributed 10
interference between underlying component wave trains travelling with different
velocities, but in devising rules for forecasting, the complex pattern had 1o be treated
as if it could be represented adequately by a single dominant wavelength. No one
had been bold enough to attempt a frequency analyses of a wave record, and
although this seems an obvious thing to do it was quite a large undertaking at the
Lime. and rather an act of faith.

The work had to be done in a cellar below the gun laboratory but it led upwards
to the conception of the wave spectrum, and triggered off the revolutionary advances
made in the study of waves during the past 20 years. The first frequency analvses of
ship motion were made at the same time 1o see if ships could be used as
wave-recorders, and they did mueh to stimulate the study of the motion of ships in
complex wave patterns as well as the development of a shipborne wave recorder.
Frequency analyses were also made of the ground movement at Kew, These led to the
identification of microseismic oscillations with regions of sea-wave interference near
the coast and in the open ocean, work which still has some practical possibilities as well
as being an exciting example of interaction between atmosphere, ocean and the solid
earth, One of the 24-hour records from Kew showed 125 signatures of flving bombs,
and N. F. Barber, now Professor at Wellington, N.Z., was seen holding a long
and highly-technical telephone conversation while sitting underneath his desk instead
of at it.

There was other work on electric currents induced by the action of water in udal
streams and waves and the associated magnetic effects. Dr. Wood was always there
to help and encourage: it was a very exciting time and he wrote enthusiastically about
it in his series of articles in the Journal. He kept in 1ouch with the subsequent work
and was a frequent visitor at the National Institute of Oceanography. The last time
I saw him was at the meetings of the International Association of Physical Ocean-
ography held at Berkcley in 1963 in conjunction with a general assembly of the Inter-
national Union of Geodesy and Geophysics. There he was really in his element. He
knew most of the men who had pioneered such research and had worked with many
of them. He was excited about the new discoveries and was able to add to many
people’s appreciation of them.

He was always a welcome visitor. There seemed to be no major or minor diffi-
culty in which he could not give some help or encouragement. He was particularly
kind to beginners and for this will be specially remembered.

192

SIR CHARLES F. GOODEVE
O.B.E., D.Sc., FRS.

DIRECTOR, BRITISH IRON AND STEEL RESEARCH ASSOCIATION

The first few weeks of September, 1939, were rather an anti-climax after the
* Munich  weeks & year before. On the occasion of the 1938 call-up of Naval
Reserves, we, led by Dr. A. B. Wood, exhaustively discussed what would be the
chain of events if war really came. Their Lordships™ policy was quite clear: the almost
unsweepable mine which the Mine Design Department had designed with such loving
care over the vears of peace would not be used until we had our counter-measures
ready, except in dire necessity, for fear it fell in o the enemy’s hands. This, of course,
was because wc as a sea power were much more vulnerable to mining than were the
Germans. Sweep (he unsweepable or al least develop counter-measures was the order.

The outbreak of war found the Navy's scientists with no answer. The vears of
frustration experienced by the small team engaged on counter-measurcs was hardly
conducive to the solving of a problem of this magnitude. And in any case no one
really knew what the problem would turn out to be. This situation led to criticism,
unjustified as it turned oul, by the Naval personnel and the sctling up by the latter
of their own organisations. This, 1ogether with the move of Mine Design Department
away from HM.S, Vernon, could have led to a difficult situation in those trving first
weeks, but fortunalely Wood's imperturbable personality and universal popularity
prevented a deterioration.

The brilliant analysis by Wood and his assistants under very difficult conditions of
the first magnetic mine found in late November at Southend restored completely
everybody’s confidence in thc Mine Design Department. I will long remember the
excitement of thal night, when two of us from Vernon after waiting until past nid-
night, heard Wood's report on his return to his home outside Portsmouth. The
improbable had happened. The German magnetic mine was found to be actuated
solely by the change in the vertical component and was simply a refinement of the
mine the Royal Navy had laid in enemy waters at the end of the Kaiser war twenty-
one vears before!

Wood had measured precisely the critical firing magnetism, the time constants
and the anti-sweeping characteristics. He had missed nothing. Gone was all the
uncertainty about counter-mecasures. No longer had we 1o attempt the almost
impossible. Schemes rejected before could now be brought out and the elaborate ones
being worked on could go into the limbo,

Many hours and many cups of coffee and sandwiches produced by Mrs, Wood
went their way before Wood's official writien report was compleied. Then followed
an act of gencrosity, which L was 10 learn was typical of him. and one which led me
ino the thick of this technical battle. Wood invited me 1o take his report to the
Admiralty on the first train that morning.

From then on I saw much of Wood. His technical knowledge was encyclopaedic
and he became the iechnical centre around which all the many teams working on
counter-measures revolved. His fertile imagination often produced key pieces to the
jig-saw puzzles of the many iechnical developments which followed. For example,
he pointed out that a floating cable carrying a current gave zero vertical magnetism
on the sea bottom underneath and thus would not explode a mine in a position close
enough to destroy the cable. This and his calculations of the optimum over-lapping
of the fields of the two cables proposed in the rather impracticable scheme put forward
by Professor Hague, led rapidly to the development of the double-L sweep.

To my regret after six months of warking in close association with him, my
move to other spheres meant that [ saw less and less of A. B. Wood. I shall always
remember him as a gentle person, unless provoked 1o anger, and one who was always
ready to help the many people who came into association with him.

9
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CURTIS R. HAUPT
M.A., Ph.D.

UNITED STATES NAVY ELECTRONICS LLABORATORY

The Navy Electronics Laboratory appreciates the opportunity to add its
contribution to those being written by other activities and individuals concerning the
accomplishments of, and benefits derived from association with, Dr. A. B. Wood.
Such comments are particularly appropriate for Dr. Wood spent most of the last
year of his life at the U.S. Navy Electronics Laboratory in San Dicgo, California, as
a consultant in underwater acoustics.

His aetivities while here encompassed a wide range of subject matter in under-
water technology ranging from oceanographic considerations through the physical
acoustics of the medium to the implications of such knowledge in guiding the design
of equipment and systems for naval usc. This wide spectrum of interest, taken to-
gether with the depth of his abilities and experience in finding solutions to difficult
acoustic problems, made his stay at the Navy Electronics Laboratory a particularly
fruitful one.

In these brief notes, it is impossible 1o describe the contributions made by Dr.
Wood to many projects of the Laboratory. However, a few examples of his work while
here can be mentioned. Dr. Wood's interest in modelling techniques is well known
as is the fact that he has made some of his most outstanding contribulions to the
understanding of underwater acoustic phenomena through his brilliantly conceived and
executed experiments using models. At NEL, Dr. Wood continued his active participa-
tion in underwater acoustic experiments employing models in a large tank. He was
interested in the interpretation of echo structure and the possibilities for improved
classification and recognition of targets. Mcasurements on pairs of simple targels
rotlated about the centrepoint of a connectling supporting rod were examined with care-
ful interpretation of the echo palterns generated. as when onc target partially shielded
the other so as to modify the interference pattern, Other similar studies were in
progress, and the Laboratory’s potential for improved measurements was carefully
evaluated in each casc. Dr. Wood took an interest in the detection of the multiple
echoes, such as those from an exlended target or a rough bottom reflected path,
and proposed more optimal processing for these echoes. He was very interested in
a new project in hypersound and made many suggestions for other lypes of observa-
tions. In the field of ASW, much experimental work is necessary lo investigate the
acoustic properties of submarines and it is always difficult 10 schedule as much test
time as necded with actual operating submarines, This is particularly true for the
newest types. The decision of the Laboratory (o build a model submarine was made
during Dr. Wood's stay at the Laboratory and he provided invaluablc help in design
factors which would ensure that the model would be an accurate acoustical representa-
tion of the real submarine. He also assisted Laboratory scientists in planning a serics
of experiments o be carried out with the model. together with the necessary instru-
mentation and looked forward with keen anticipation to participating in carly tests in
which it would be used. Unfortunately, the model could not be completed in the
Laboratory’s shops before Dr. Wood departed so that this desire was not realized.

While in California. Dr. Wood graciously consented to give a series of illustrated
lectures, some at the Laboratory and some before other audiences such as local
chapters of the Acoustical Socicty. Because of Dr. Wood’s pre-eminence in the field
of acouslics, these leclures drew very large attendances. The presentations which were
to a considerable degree autobiographical were divided into two prineipal periods, the
first covering his earliest experiments and experiences in acoustics and extending
through and beyond World War 11. This lecture was in the more popular vein arranged
to appeal to both technical and non-technical listeners, The sccond lecture, designed
primarily for underwater acousticians, dealt with Dr. Wood’s experiments in more
recent years.

10

Both lectures proved to be highly stimulating. The gencrous use of anecdotes,
many coloured with humorous episodes, and the introduction of his listeners 1o
various personalilics of world renown in science whom Dr. Wood had known
inumately made these talks outstanding in their appeal and value (o his audiences.

The Laboratory feels very fortunate in having had Dr. Wood as a member of its
staff, not only for his technical contributions bul also for the enrichment of the lives
of its scientific personnel who had the privilege of associating with him.

DAVID A. KEYS

D.Se., Ph.D., FR.S.C.

SCIENTIFIC ADVISER TO THE PRESIDENT. ATOMIC ENERGY CONTROL
BOARD, CANADA

- Iutis a pleasure to be able 1o take part in a tribute 10 my old friend and one-
time colleague, Dr. Albert B. Wood. [ first met Wood when he came to Shandon
in 1919 following the close of the antisubmarine work at Harwich. I was one of the
Canadians whom Professor (late Sir John) McLennan gathered together when he
joined the Board of Invention and Research of the Admiralty. | went up to Shandon
on the Gareloch when (hat station was opened in late May. 1918 to test out a method
of measuring lime-pressure curves of explosions suggested by Sir J. J. Thomson,
using a cathode ray to record on a photographic plate in a vacuum, the variation
in charge produced by pressure on a piezoelectric crystal. By August [919 preliminary
results had becn obtained using small charges of a few pounds of explosives. | had
been offered a fellowship by Harvard and had to leave in early September and Albert
Wood agreed 1o take over the experiment and carry it on (o larger charges, the
apparatus being placed on a trawler, Rober! Barton, just before I left.

Dr. Wood not only improved the cathode ray tube but also the vacuum plate
holder so that the vacuum did not nced to be broken every lime an exposure was
made. He carried on the work to oblain records of a thousand pound explosion and
sent me one or (wo photographs a few years later when he had fulfilled his promise
and had developed the method to a successful conclusion.

Albert Wood was a devoted experimental scientist, modest and painstaking in
all he did during the many years he remained with the Admiralty Rescarch Division,
His book. A Texthook of Sound, is a veritable source of theory and useful applica-
tons of sound 10 many problems in which he himself made outstanding contributions.
In the few months at Shandon when we both worked there, he was oceupied like Dr.
Drysdale, Joseph Ford and others, on underwater type of detectors and acoustical
methods of locating moving objects. He and Mrs, Wood lived in Helensburgh, if |
remember correctly, so we didn’t see as much of him as we did of the unmarried
men who were moved to Shandon with the closing of the other stations. Several of
the Canadians remained with the Admiralty, including C. S. Wright (later Sir Charles)
and J. A. Craig. N

During recenl years we have seen more of Albert and Ethel Wood. due in part
to both of us having passed the normal retiring age but still being occupied with our
respective spheres of work. which took us to London for several months and brought
them 1o visit us in Canada. 1 learned much about the various problems he had worked
on and the important contributions he had made. His work has been recognized both
in the United States and in the United Kingdom—perhaps more appreciated by his
admirers in the former than by his colleagues in the latter. Both seientists and Govern-
ment in the United Stales have paid lim well deserved honours which his friends
have greatly appreciated.

_ Both Albert Wood and the writer knew the late Lord Rutherford very well
which often resulled in many reminiscences being discussed in our evening chats.
Albert Wood had a good memory and both he and his devoled wife amused us with
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many interesting accounts of their early experiences before and during the First
World War. We shall miss their congenial company and hospitality as 1 am sure those
who knew him at the Admiraliy Research Laboratory in Teddington will also. We
retain many happy memories of this modest, able and devoted scientist who lived
for his science, never secking any reward for himself, and of his loving wife who took
such pride in the good work her husband did.

ROBERT B. LINDSAY

M.Sc., Ph.D.
BROWN UNIVERSITY, US.A.

The high point in Dr. A. B. Wood's association with acoustics in the United
States was probably the occasion of the award to him of the Pioneers of Underwater
Acoustics Medal at the sixty-second meeting of the Acoustical Society of America in
Cincinnati, Ohio on November 10, 1961. This award of the Society is ** presented not
oftener than once every two years to any individual, irrespective of nationality, age,
or society affiliations, who has made an outstanding contribution to the science of
underwaier acoustics, as evidenced by publication of research results in professional
journals or by other accomplishments in the field. The award was named in honor of
five pioneers in the field: H. J. W. Fay, R. A. Fessenden, H. C. Hayes, G. W. Pierce
and P. Langevin.”

On the occasion in question the writer of this note had the privilege of presenting
Dr. Wood for the award. The following account is taken largely from what was said
at that time. Those present at the banquet at which the award was made had in their
hands a rather substantial biographical sketch of the recipient by Dr. G. E. R. Deacon
of the British National Institute of Oceanography. On that I felt I could not improve.
Hence I concenirated attention on the impressions which Dr. Wood and his work
had made on me personally over the years. One of these was his great contribution
to education in acoustics through his book, 4 Texthook of Sound, first published
in 1930. Many physicists had come to believe that there was no more physics in
acoustics. and that in fact Lord Rayleigh in 1878 had more or less exhausted the
subject, so far as fundamentals were concerned. Dr. Wood helped to dispel this
illusion and showed clearly in his book that acoustics was and is a lively .subject
indeed. Tt is worth noting that the book has gone through three editions, the latest
appearing in 1955. There has been a disposition in certain quarters to look down the
nose at the writing of textbooks. This is an unfortunate and unreasonable attitude.
When all is said. textbooks still have a vital rdle to play in the education of the
young, who cannot be expected to learn physics in the first instance from the pages
of the Physical Review or acoustics from the Journal of the Acoustical Society of
America. Evidently, Dr. Wood agreed with this point of view, or he would not have
written A4 Textbook of Sound. I is a clear and elegant presentation of the physical
significance of acoustical concepts without letting the reader get lost in abstract
analysis. At the same time its pages reflect the author’s complete mastery of the de-
tails of the subject. It has helped many a student over the hump, and the world of
acoustics owes a great debt to the author.

Any scientist who examines Dr. Wood’s published papers cannot fail to be im-
pressed by their variety and originality, This is particularly evident in those involv-
ing the design and development of acoustic instruments of high precison. Here Dr.
Wood showed an uncanny ability to squeezc high accuracy out of methods that
ordinary practitioners would be inclined to give up as impracticable. Take for in-
stance his development of the humble tuning fork as a precision time standard and
his pioneer work on magnetostriction osciilators for depth finding. Another and more
striking example is to be found in the celebrated acoustic version of the Michelson-
Morley experiment, in which the attempt was made to detect the change in frequency
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of a vibrating quartz rod, when rotating in a horizontal plane. Accordin -
relativity physics, one would have expected a change as larg[?: as 5 parts in l%°li'llzil;:ch
the experiment was designed to pick up easily. However, no change as great as 4 parts
in 10" was actually found, thus providing another experimental verification of the
Einstein principle of special relativity. Too few people are aware of this fascinating
connection between acoustics and one of the great principles of contemporary physics.
In conclusion a more personal note may be in order. I, of course, knew Dr. Wood in a
professional sense for a very long time, but it was only some 15 years ago that I had
the privilege of getting acquainted with him personally and learning the charm of his
personality. At that time he had just surrendered his administrative duties at the
Admiralty and had returned to research work at the AR.L. in Teddington. It was a
delight to note the infectious enthusiasm with which he was taking up again studies
tn sound propagation. Unless my memory fails completely, the most conspicuous
?l'?ijse;: 1: ;;grlgbpmtow tl;en was a barrel of mud. Most people would hardly consider
§ 1sing prop for acoustics research, i i
out of a barrel c:)fgnl:ud[,J it would be A. B. wogtlln! ' anyone could get good acoustics

Dr. Wood was a delightful raconteur, and much enjoyed reminiscing about his
experiences in the early days of underwater sound. It was a great source of satisfaction
to me that I succeeded in persuading him to allow some of these recollections to

appear in " Sound—Its Uses and Control.” 1 (May-June, 1962) wh i
appreciative attention. (May-June. 1962) where they met with

Dr. Wood's many friends in acoustical circles in the United States are happy to
salute his memory. ’

SIR FRANK E. SMITH
G.C.B., G.BE. D.Sc. FRS.

. Lfirst met Dr, Wood about fifty vears ago when he was working with Professor
W:lha!n Bragg (Iatcr_Slr William Bragg) at an Admiralty Station at Harwich for the
detection of submarines by acoustical methods. It was, I estimate, some time in
1915-16 that Wood and Bragg came to the National Physical Laboratory, at the time
[ was in charge of Electrical Standards. I recall the impression I got of Wood: a
charming personality, no superiority complex, indeed he was exceedingly modest
always ready to listen to others while giving his own ideas on a problem with
some hesitation but a desire to help. So it was during his whole life time. At this

first time of meeting ™ I was attempting to produce a magnetic mine depending on
the change of direction of the earth’s horizonial magnetic field; one which would work
irrespective of any countermeasures produced by a ship such as were effective with
the Germqn ) Vcrucal_ Field " mine in the Second World War. I succeeded in doing so
but the mine was a triumph of skill of the instrument maker and the petrol used to
keep the system light conlained many higher hydrocarbons which deposited on the
electricat contact pieces and needed a cutting force to pierce them. However a number
of German submarincs were sunk and I received an award of £2,000 from the
Admiralty. Wood and Bragg were interested but Wood was acoustically minded and
electrical things did not interest him very much. When the war was over the work at
Harwich and all physical research for the Admiralty was transferred to Shandon on
the Gareloch where a large number of ships and naval personne} were housed. I was
made the Director of Scientific Research and after some ** unpleasant >’ as well as
some pleasant experiences I concluded a scheme to ‘* teach Naval Officers their
job’” was a misiake and I recommended the closure of Shandon and the transfer of
all staff to a new research slation at Teddington. In this were Wood, Dr. Drysdale
Sir Charles Wright and others and they were given plenty of liberty. Dr. Wood was
the expert on all acoustic problems and the first acoustic tank was due to him. Echo
sounding attracted him and his “ phonic ™ chronometer — better known as the
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** chronic ”* photometer—was a great achievement, and led to King George V becom-
ing very intimate with echo sounding at sea. Wood’s chronometer recorded thous-
andths of a second, it enabled the interval between the clapping of hands to start the
clock and a similar clapping to stop it 10 be measured (0 a thousandth of a second.
Wood made an echo sounder which recorded the time when a ** sound ™ impulse left a
ship and again when the * echo ” from the ocean bed was received. Knowing the
velocity of sound in sea water, the depth of the sea bed could be automatically re-
corded. Error at small depths were not more than one foot. HM. King George V
wished to atiend a lecture at the Royal Society and I had the honour of giving it. I
chose to * demonstrate ” Wood's method of echo sounding by raising and lowering a
large horizontal board over a high frequency source of sound and a spot of light moved
over a scale and gave the depth direct. The King was enthusiastic and some days
afterwards he asked to see me and tell him more. I can assure everyone I paid tribute
to that charming but modest personality A. B. Wood. I am glad American societies
studying acoustics have recognised Wood’s genius.

JOHN G. D. OUVRY
D.S.0., Cdr., R.N. [Retd.)

It was my duty during the Second World War to take charge of the Enemy
Mining Section of the Mining Department, HM.S. Vernon, Portsmouth, and provide
specimens of German and Italian underwater weapons for Dr. Wood (Mine Design
Department) and his assistants to examine and to probe into their secrets. The
Germans never failed Lo provide plenty of problems of this sort, and we werc pleased
to keep Dr. Wood busy.

We had a good start with the arrival of Hitler’s first ** Secret Weapon.” the
Magnetic Mine, On this occasion Dr. Wood arrived on the scene at Shoeburvness
when we were stripping the weapon of its external fittings. Afler it had becn conveved
to HM.S. Vernon the following day a personal message was received from the First
Lorgd of the Admiralty, Mr. Winston Churchill (as he then was), to state that in-
vestigation was to proceed without ceasing until the answer was produced. This Dr.
Wood was able to give in detail within twelve hours of the recepiion of the mine in
HM.S. Verrnon.

We, in HM.S. Vernon, found Dr. Wood a most capable, charming and modest
man and very easy 10 work with. He certainly rendered great service to his country
and over a long period.

SIR CHARLES S. WRIGHT
K.C.B., O.BE, M.C., MA.

When I blew into the Admiralty—the day I was demobilised in January 1919—
Wood was busy putting the finishing touches on his report on underwater range-
finding using a Cathode Ray timing system which used photo plates inside the C.R.O.
But this was after all his activities al Parkeston Quay and other places during the first
war. One could always rely on “* A.B. ™ to contribute something quite new, whatever
job he took on, I think the happiest and simplest contribution was the small
boat minesweeping depth sounder for Hydrographer while I was at the Admiralty
Research Laboratory. If my memory serves me properly, this was licked in about
one month.

What will always stick in my memory is Churchill’s meeting in the Admiralty
(late at night, as’usual) to receive the report by Ouvry and Wood on the recovery and
opening of the first magpetic mine we recovered.

He was a great man, but very self effacing.
14
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FROM BOARD OF INVENTION AND RESEARCH

By A. B. Wood, 0.B.E., D.Sc.

HAWKCRAIG, ABERDOUR, 1915-1917

Imrodoction

Having been invited by the Editor of J. R.N.S.S.
lo write an account, from personal recollections, of
the growth of scientific research and development
in the Navy, [ have encouniered considerable
difficully in deciding not only * where to begin’
but * how to proceed ™ and * where 10 stop.” It must
be obvious to everyone, that almost any account by
a single author cannot be expected to be a complete
factual history. Such an account, even if attempted,
would require several volumes to complete,
covering as il does a period of 46 years, i.e., from
1915 onwards,

In what 1 have to write 1 shall try to compro-
mise between such a lengthy * history > and a very
brief and possibly rather uninteresting summary.
So I wish to make it clear at the outset that this
1s not a history of science in the Navy, but merely
an impression. almost an autobiography, based
mainly on personal recollections and a few papers
and diaries, of a somewhat reminiscent and super-
ficial character, during the years subsequent to
1915 when 1 made my first close contact with the
Navy. During this period the growth of a civilian
scientific service in the Navy. so far as I was per-

- sonally concerned. can be eonveniently divided

between four .research establishments following
each other in geographical and chronological order
as follows: (I) Hawkcraig, Aberdour, 1915-17;
(2) Parkeston Quay, Harwich, 1917-19; (3) Shan-
don, Gareloch, 1919-21: and (4) A.R.L., Tedding-
ton, 1921 to date. At the outbreak of war in 1914
there already existed such establishments as
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HMS. Vernon, A, E. W. Haslar * Signal School,
primarily concerned with instruction of Naval
officers, and with trials and modifications of Service
cquipment—mainly of an engineering character.
Soon after the war began their statfs were aug-
mented by civilian engineers converted into
RNVR. oflicers. As the war progressed, con-
tacts between our civilian research establishments
and the purely Naval establishments increased
until, as we now know well, civilian research staffs
of the RIN.S.S, can hc found in almost all Naval
establishments concerned with the application of
research in the service of the Navy,

At the risk of turning my remarks into an auto-
biography, [ should like to explain briefly the
sitvation so far as 1 was personally concerned a
few years preceding the first world war, and how
I unexpectedly came to be involved in the affairs
of the Navy. During this period (1909-14) 1
graduated in honours physics and was doing re-
search in Prof. Sir Erncst Rutherford's laboratory
at Manchester University. [ was fortunate to be
learning physics—atomic physics—in very good
company. Working in the physics research
laboratories at that time under Rutherford’s
direction were such (now) well-known figures as
H. G. J. Moseley, C. G. Darwin, Hans Geiger,
Niels Bohr, Ernest Marsden, H. Bateman, J.
Chadwick, E. N. da C. Andrade. R. W. Boyle,
Prof. Boliwood, Fritz Paneth. G. von Hevesy,
H. Robinson, J. M. Nuttall, H. Stansfield,
E. ). Evans, Margaret White, W. Makower,
H. Richardson and others. It would be difficult
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to find anywhere such a galaxy of scientific talent,
etther before or since, working togcther in the
same physics laboratory at the same time. Much
couid be written about all these men who reached
eminence in the scientific world in later life.
Moseley, one of the best research physicisis of his
day, joincd the army and was shot by a sniper
in the Dardenelles campaign. Hans Geiger, who
taught me glass-blowing, some physics and a little
German, died a few years ago, but his name will
leng survive him as the inventor of the Geiger
tube (so well known now as to be spelt with a
litile * g )—1 saw it being * developed * as the almost
incvitable consequence of a course of lectures he
gave us on ‘lonisation by Coliision” Emest
Marsden worked with Geiger in counting the
large-angle scatlering of « particles which, with
the theoretical work of Rutherford and Bohr,
provided the foundations of the nuclear theory of
the atom. The work of Darwin and Moseley on
the X-ray speetra of the elemenis formed the
basis of our knowledge of atomic number. Hevesy
and Paneth’s work of the uses of isotopes as
tracers, Chadwick’s work on v-rays and his later
discovery of the neutron; Niels Bohr’s theorelical
work on atomic structure—and more such major
developments in atomic physics could be men-
tioned. Sir Arthur Schuster (Professor Emeritus)
also came to the laboratory, and H, P. Walmsley
and I did some work for him during the *long
night watches’ (when no trams were running) on
a problem relating 1o the origin of the earth’s
magnetism—due possibly, in Schuster’s opinion,

O ROYAL NAVAL SCIENTIFIC SERVICE

to the earth’s rotation. I was also working on a
detcrmination of the range of recoil atoms from
radio-active substances {in the Ra, Th and Ac
series emitling « particles (helium/aloms) — the
heavy atom (at wt, of order 230) on emission of a
light helium atom (at wt. 4), recoiling like a gun
when 1L fircs & shell. Ac this time Emest Marsden
and I conjointly made a dclermination of the
alomic weight of actinium emanation hy a diffu-
sion method suggested to us by Nicls Bohr. It
was an inspiration, albeit a chastening one, to be
working alongside so many brilhant scientists,
and such an experience can never be forgotten.
I could write nuch about their personalities and
the work (hey were doing and have since donc.
but this would be outside the scope of my present
purpose. Afler leaving Manchester University,
I eontinued my research in atomic physics at
Liverpool University, where | was Oliver Lodge
Feilow and Lecturer in Physics (L. R. Wilberforce
was Professor and J. Rice Senior Lecturer), whilst
still co-operating in research and discussions with
metabers of Rutherford’s laboratory in Man-
chester.

In August, 1914, the war broke upon us. I was
considered ° indispensable * until July, 1915, when
a close friend of mine was considering applying
for a commission in the Air Force. | had similar
ideas and approached Rutherford with the object
of signing the necessary papers. It was then the
unexpected occurred. The Admirally Board of
Invention and Research (B.I.LR.) was heing formed,
and Rutherford suggested that rcsearch  for

201




the Navy (in particular, detection and location of
submiarincs) might be more in my linc than learn-
ing to fly. I didn’t requirc much persuasion and
from then on 1 paid frequent visits to Ruther-
ford’s laboratory to do expecriments on under-
waler sound. Harold Gerrard, lecturer in electrical
engineering in the adjoining laboratory, was
also appoinied with me to work with Rutherford.
In the preliminary stages we were experimenting
in a small water-filled tank with various possible
sound-receivers for use under water, e.g., Broca
tubes (aneroid barometer capsules, single and
multiple) with stethoscope tube attached, carbon
granule microphones {A.'T.M. and 8. G. Brown
tvpes), single-contact microphones, and magneto-
phones (iclephone earpicces). We used a  bell-
tvpe buzzer and a CW. diaphragm sounder as
sound sources in these tank cxperiments. At this
time. t0o. Rutherford was hopefully, if not very
optimistically, scratching small pieces of quartz
crystal (with a telephone hcadpiecc connected), to
discover if ihe piezo-electric cffcct of quartz was
likcly (o prove useful. The result of this was
inevitably disappeinting as no mecans of amplifi-
cation was available at that time, This prclim-
inary work went on until Gerrard and I received
our ‘official” appointmenls as physicists to
the B.ILR. in October. 1915, at the then remark-
able salary of £1 per day! We continued work in
the Manchester laboratory with Rutherford until
17th November, when Gerrard and 1, with F. W,
Pvc (a mechanic from Liverpool University), left
for “Hawkeraig,” Aberdour, Fife, N.B., a naval
cxperimental establishment under the command
of Cdr. C. P. Ryan, RN.

The Board of Invention and Research (B.LR.)

At this junclure it seems opportune 1o refer 1o
the formation of this organisation in 1915, It
consisted of a Central Committee whose function
was ‘o initiate, investigate, and advise generally
upon proposals in respect to the application of
science and enginecring to naval warfare’; a con-
sulting panel of scientific and engineering expcrts:
and an advisory and sccrctarial staff * 1o deal with
the preliminary sifting of proposals from inventors
and others, and such other seccrectarial and
recording work as may be found necessary.’

In May, 1916, the Central Commitlee consisted
of: President, Admiral of the Fleet Lord Fisher;
Professor Sir loseph J. Thomson, OM. FR.S;
The Hon. Sir Charles A. Parsons, K.C.B.,, FRS.;
Dr. G. T. Beilby, F.RS. (Thec name of Vice-
Admiral Sir Richard H. Piersc was added at a
later date). /

The Pancl: Prof. H. B. Baker, F.RS.; Prof.
W. H, Bragg, F.RS.; Prof. H. C. H. Carpenter;
Prof, Sir Wm. Crookes, OM., FRS.: Mr. W.
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Duddell, F.R.S.; Prof. Percy F. Frankland, F.R.S.;
Prof. Bertram Hopkinson, F.RS.; Prof. W. J.
Pope, F.R.S.; Prof. Sir Ernest Rutherford, F.R.S.;
Mr. G. Gerald Storey, F.R.S.; Prof. the Hon. R. J.
Strutt, F.R.S. Note: At a latcr date the name
of Mr, (later Sir) Richard Threlfall, F.R.S., was
added 1o the Panel.

Secrelariai: Capt. T. E. Crease, R.N,, Secretary.
Assistant Secretartes; Cdr. Cyprian D, C. Bridge,
R.N.. Fli. Cdr. Lord Ed. Grosvenor, R.N.; Engr.
Lt. Cdr. C. J. Hawkes, RN.; Mr, T. H. Hoste;
L.i. the¢ Hon. Walter J. Jamcs, RN.V.R,; Sir
Richard A. S. Paget, Bart.: Mr, J. F. Phillips.

The work of the Pancl was divided into Sec-
tions | 1o VI and their rcspective sub-committees,
which dealt with all aspecls of sclence and engin-
cering likely to be applicable to Naval Service
problems at that time. The full list of members
of these six sections contains many famous names
in science and engincering. It may be sufficient
to quote here the names of those particularly con-
cerned with  Section [l—' Submarines, mines,
scarchlights, wireless telegraphy and general elec-
trical, clectro-magnetic, optical and acoustic sub-
jects.’

Sub-Committee: The Duke of Buccleuch; Prof.
W. H. Bragg, F.RS.: Mr. W. Duddell. F.RS;
Prof. Sir Ernest Rutherford, F.RS,; Dr. R. T.
Glazebrook, C.B., F.RS.: Mr. C. H. Merz.

Secretaries: Sir Richard A. §. Paget, Bart., and
I_t. the Hon. Walter J. James, RN.V.R.

(Mcmbers of the Pancl and the committees of
other scctions werc sometimes involved in the
work of Section II. Associated with the Central
Committee andfor the sub-Committee were also
ccrlain officials of the various Admiralty depart-
ments concerned). Prior to the formation of the
B.I.R., the Navyv had not becen very successful in
their efforts to counter enemy submarines, and it
became one of the primary objccts of Section I1
Sub-Committce to deal with the anti-submarine
problem. /.., the detection. location and destruc-
tion of enemy submarines.

IL is important to notc that the formation of
the B.L.R. represcnts a landmark in the history
of the Navy (and of the R.IN.SS) in that it
officially cncouraged co-operation between the
Navy and civilian scientists and engineers.

The Admiralty Experimental Station at
‘Hawkeraig,” Aberdour, Fife

In the introduction to these notes I concluded
by remarking that H. Gerrard and I, with F. W.
Pye (as meehanical assistant), left Manchester on
I7th November, 1915, for Abcrdour. A drifter
mct us at Granton, Edinburgh, and took us across
the Forth direct to Hawkcraig, a rocky promon-

tory on the north side of the Forth and adjoining -
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Fig. i{a). Portable non-directional hydrophone
(Drifter set),

Fig Hb). Submarine Signalling Company's non-directional
hydrophone.

the little sca-side village of Aberdour (Fifeshire).
about five miles east of Rosyth. Here we met
Cdr. C. P. Ryan, RN, his secretary, Lt. Cdr.
Ashlcy A. Froude, RN.V.R,, and othcr RN.V.R.
oflicers of his staff, 1o whom I will refer later. A
few days later Sir Ernest Rutherford visited
Hawkeraig and just before his arrival, in conver-
sation with Cdr. Ryan, 1 was amazed to discover
that he had never heard of Ruthcrford ! Such was
the state of ~science in the Navy ™ in 1915 ! When
Rutherford arrived we talked with Ryan, who
demonstrated his hydrophones (undcrwater micro-
phone reccivers). and we went out in H.M. Drifter
Hiedra. This vessel was nominally allocaled for
Gerrard and myself 10 use for B.LR. experiments,
although still under the command of Ryan, who
was Naval Officer-in-Charge at Hawkcraig. Soon
afterwards, Sir Ernest Rutherford came up again,
this timc with Sir Richard Paget and a Mr. Gordon.
who was tolally blind but had developed a scnse
of “absolute pitch.” He listened to moving ships,
using Ryan’s moored hydrophoncs and some
portablc ones lowered over the gunwhale of Hiedra.

Al the iime of our arrival at Hawkeraig the
stalc of our knowledge of underwater sound
propagation in the sca was very primitive indced.
All we could gather from Rayleigh, Lamb and
Barton on sound underwater was the measure-
ment of velocity of sound by Colladon and Sturm
in Lakc Geneva in 1827. and the velocity of explo-
sion waves in the sea by Threlfall and Adair in
1889. Any information likely 10 be useful in
delecling submarines seemed to be lacking. 1 was
impressed by Ryan’s aclievementls in designing
and making successful moored hydrophones, port-
able hydrophones, Figs. 1(a) and I(b), and hull-
fitted hvdrophones on ships., These were already
in cxistence when we werc first ‘initiated.” Large
ships of Beaily’s Rosyth Battle Squadron could be
heard, under favourable wcather conditions, at
distances up o 10 or 12 miles in the Firth of Forth
when procceding out 1o sea. Most of his work was
cmipirical but he had made valuable initial progress
in the art of listening undcrwater. He knew little
or nothing about the theory of sound or the possi-
bilities of designing cquipment which would
indicate direetion of sound. Hc had, however, gone
so far as to fit submarines with pairs of hydro-
phones—one ‘port’ and the other *starboard '—
which would indicatc to a reasonably intelligent
operator the approximate bearing of another ship
—ulilising the sound-screening property of the
hull of the submarine. In sclecting hydrophone-
pairs for this purpose hc made use of the musical
ability of onc of the most famous musicians in
the country—Lt. Hamilton-Harty, RN.V.R. (later
Sir Hamilton Harty and conductor of the Hallé
Orchestra). It seems a little bizarre to recall Lt.
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Hamilton Harty sitting amongst a pile of hydro-
phoncs using a little hammer to tap the steel
diaphragms and arranging them in pairs as * port-
low” and ‘starboard-high’ pitch. (Lt. Hamilton-
Harty and his wife, Agnes Nicholls (a famous
soprano singer), lived in a flat above mine in
Aberdour.) It was fairly clear. when listening to
moving ships with Ryan’s hydrophones, that the
sound came mainly from the propellers, the modu-
lation of the sound depending on the type of
power drive of the ship. Thus trawlers, drifters
and other ships fitted wilh reciprocating engines
had a characteristic ‘beat’ due to the engines,
whilst destroyers and larger ships fitted with tur-
bines emitted a more or less continuous * rushing’
sound. All the ships’ sounds. however, appeared
to have a predominant frequency (or frequencies)
but as this frequency changed from one hydro-
phone to another, it was fairly obvious that it
was characleristic of the hydrophone diaphragm
(and/or microphone) rather than of the vessel
cmitting the sound. As | have said, Ryan’s
observations were empirical. He made no measure-
ments. In comparing sensitivities of hydro-
phones and ranges at which sounds could be
heard in the sea he relied on his mental impres-
sions. in spite of the fact that these impressions
were dependent on water noise conditions and
other factors out of his control.

Whilst referring to Cdr. Ryan’s work at Hawk-
craig. it may be of some interest to mention also
some of his staff. This consisted mainly of
R.N.V.R. officers, one or two ratings and a few
seamen. | have mentioned his secretary, Lt. Cdr.
Ashley A. Froude. He was an elderly man, the
son of J. A. Froude (I1818-94) the celebrated
historian. author of Froude's History of England
and biographer of Thomas Carlyle. Lt. Hamilton-
Harty [ have already mentioned: there were also
L(. Brett. a famous violinist, and Lit. Rose, a Lon-
don theatre manager. and one or two more whose
names | forget. (Lts. Hamilton-Harty, Breit and
Rose, with Mrs. Hamilton-Harly (Agnes Nicholls),
gave a concert in the village hall in Aberdour to
entcrtain the staff and the villagers. First-class
London talent—front seats 2s. 6d.!) Cdr. Ryan’s
brother, who had held, just previous to joining
the Navy. a responsible colonial post in Africa.
showed mc a letter received by him at Hawkcraig
from one of his native servants, which included
the striking remark: “ The great white chief who
now sits in your chair is not a very cruel man.”
To complete the list. mention should also be made
of Cdr. Rvan’s two dogs, which were great favour-
ites of evervone. These were 4 while cairn terrier
and a red water spaniel. The Llerrier was a ‘ rover’
which. Ryan told me, had once been shot and
buried by a gamekeeper. but dug itself out and
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returned home to Hawkcraig! The water spaniel
was stone deaf and on one occasion which I wit-
nessed stood over the lighted fuse of a charge due
to explode when blasting rock for a new jetty at
Hawkcraig. We threw stones at it, waved and
shouted without avail and, luckily, the fuse failed
and all was well. This water spaniel was in the
habit of stealing Ryan's lunch from the table in
his private hut, until one day the beef-steak was
connected to a high voltage circuit—the dog
emerged from the door of the hut at great speed
with all four legs off the ground and its tail between
its legs!

It was at Aberdour that 1 became acquainted
with Sir Richard Paget's remarkable musical
talents. On one occasion Rutherford, Paget and
I were dining together after a day’s experiments
at sea. After dinner he entertained us by his
delightful singing and playing of the piano. He
improvised * on the spot” in grand opera style the
song and accompaniment of one of Edward Lear’s
nonsense rhymes. * The Dom with the Luminous
Nose’ On a later occasion, at Dartmouth, he
gave a similar performance, this time improvising
on an extract from the current number of Engin-
eering, relating to the Cooper Hewitt lamp! It
was at Aberdour that I first heard him sing a
duet (without words) whilst playing his own
accompaniment on the piano. Some time later
I remember him. with his daughter, singing a
guartet during a lecture on *speech synthesis’
which he gavc at the National Physical Labora-
tory. His work on human speech is now well
known. Using plasticine models. or by careful
cupping of his hands. and blowing through an
*artificial * larynx he could produce arlificial
speech, 1o the delight of his audiences.

There were several experimental ships atiached
to the station at Hawkcraig: H.M. Submarine B3,
HM.D. Tarluir, HM.D. Hiedra, and Nyker.
The last named was a small steam yacht used by
Cdr. Rvan in his experiments on radio-control
—hence the name, which indicated * No Yachting
Knowledge Required.” In view of the fact that
no valve amplifiers or valve-rectifiers were avail-
able at that time. Ryan was very successful in
his early efforts at radio control (steering, engine
speed, eic.) of the navigation of a ship.

The carly experiments which Gerrard and |
made at Hawkcraig were concerned with various
forms of sound-receivers for use in the sea. eg.,
*Broca ' (ubes. microphones and magnctophones
mounted on diaphragms, and in testing out equip-
ment sent to us by Sir Ernest Rutherford from
Manchester. We used Campbell and Duddell
turnable vibration galvanometers in an attempt to
analyse the predominant frequencies in the sounds
of ships — our drifters and the Submarine B3.

The result of all this was, as I have already indi-
cated, that we found the predominant frequencies
were those of the hydrophone used to receive the
complex sounds of the ships. Early in the year
1916 Sir Richard Paget, on being informed of our
failure to obtain a reliable frequency analysis of a
submarine’s propeller noise due to resonances in
hvdrophone diaphragms and microphones, sug-
gested listening direct with the two ears under
waler. Meeting with little enthusiasm from Gerrard
and myself, he went out with a sailor in a
small boat and a submarine circled round at a
moderate distance. Sir Richard. who had a * skull
nole” G sharp when he tapped his head, leaned
over the side of the boat, with the sailor sitting
on his legs, put his head under the water, came
up. tapped his head and ran up the scale to the
required note, which the sailor duly wrote down.
Then down again to fish up another note. and so
on. I am not sure that the notes he obtained in
this way were very reliable—but at any rate he
didn’t develop pneumonia !

No electronic amplifiers were available in those
davs, until we were fortunate in receiving a three-
electrode valve designed by H. J. Round of Mar-
coni’s. This valve was about two inches in diameter
and five inches high with a glass ‘ pip’ at the top
about one inch long. The * pip * contained asbestos
and was used, in conjunction with a small heating
coil (a few turns of wire wound outside the glass
" pip’ in series with the valve filament), to control
the degree of * softness * of the vacuum. When in
correct adjustment this valve was a very efficient
amplifier and at its best was as good as two or
three ‘ hard * valves with which we were supplied
towards the end of the war {(in 1917 and 1918).

Based on Rayleigh’s theory of concentration of
sound by conical and exponential horns, we were
supplied by S. G. Brown, for the B.LR. with
several long, solid horns made of wood or of
paraffin wax, wpering from a diameter of 12 or
I5 inches at the base to about 4 inch at the tip
in a length of several feet. These were tested at
sea but for various reasons were unsalisfactory.
Similarly, two * sound insulated ' tanks were fitted
on the port and starboard sides of Hiedra. Holes
were cut in the hull and the tanks, exposed to the
sea, were insulated from 1t by air-filled rubber
tubes. Although these pneumatically insulated
tanks cut out a good deal of *local * ship’s noise,
the sound of the propeller was still very strong,
as this was conveyed to the tanks by Lhe waler
outside, the rubber tubes being acoustically short-
circuited by the sea water. We also explored the
sound field in the water around a stationarv sub-
marine, the source of sound being a sub-marine-
signal company’s bell some distance away. The
observations were somewhat gualilative but ser-

ved to show the extent of the sound shadow, as
modified by diffraction, due to the hull of the
submarine,

Observations were also made of the frequencies
of the propeller blades of a submarine when tapped
by an iron bar. The various frequencies of the
notes heard inside the submarine when the motors
were running at different speeds were also ob-
served, their relation to the speed, number of
brushes and commutator segments being proved.
In a similar manner, but listening outside the
hull of the submarine, an attempt was made to
determine the principal frequencies when charging
batteries.

Experiments were made to devise a portable
directional] hydrophone. The first promising al-
tempt to achieve this was made by Sir Ernest
Rutherford, who sent us for a test a thick-
walled open-ended cast-iron cylinder about eight
inches external diameter and length about one
foot (with removable extensions at each end to
make it about two feet long, if required), Mount-
ed rigidly inside it at the mid point was a steel
diaphragm of about four inches diameter with a
microphone enclosed in a small watertight box at
the centre, the whole arrangement being sym-
metrical about an axis at right angles to the length
of the cylinder, the diaphragm being exposed to
waler on both sides. This arrangement gave good
results when the box containing the microphone
was made very small and a similar ‘ dummy ~ box
was mounted symmetrically on the opposite side
of the diaphragm. The long iron cylinder was,
however, found to be unnecessary to achieve the
directional propertics. It was eventually replaced
by a heavy metal ring and the diaphragm had a
symmetrical boss turned al the centre to contain
the microphone. This device, shown in Figs. 2
and 3 had good bi-directional properties showing
a figure of eight characteristic with a good maxi-
mum when either face of the diaphragm was
broadside-on and an almost silent minimum when
the diaphragm was edge-on to the source of sound.
Some time later, in May. 1916, afler the arrival
of Professor Bragg, tests were made of a directional
hydrophone. similar in basic principles, but
having two metal diaphragms tied together at
the centre by a stiff metal rod, which carried the
niicrophone. the whole being mounted in a massive
melal ring. (Fig. 4). This was designed and brought
10 Hawkcraig for test by Prof. J. T. McGregor
Morris and Mr. Sykes (of East London College).
These two directional hydrophones, the " single’
and * double ” diaphragm types, gave equally good
results as regards sensilvity and directional
accuracy (within 1 or 2°), but the single-diaphragm
tvpe was much lighter and more portable and, as
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Fig. 2. Single diaphragm type bi- or uni-directional
hydrophone.

will be seen laler, was easily converted from a
bi-directional 10 a uni-directional hydrophone.

In addition to the frequent visits of Sir Ernest
Rutherford and Sir Richard Paget during this
early period, Admiral Sir David Beatty and Lady
Beatly (who lived at Aberdour House) and their
son David were fairly regular visitors, always
showing a lively interest in the hydrophones and
in any attractive laboratory experiments. On one
occasion, in February, 1916, Prince Louis of
Batienberg came with them. The Duke of Buc-
cleuch, who was chairman of B.I.R. Section II,
also visited us frequently. In May, 1916, Prof.
William H. Bragg, who had previously visited
Hawkeraig with Sir Ernest Rutherford and Sir
Richard Paget, came as Resident Director of

, Research, bringing additional scientific staff—
“T. C. Sutton (from Australia), and Prof. F. LL
Hopwood (from St. Bartholomew’s Hospital,
London). and Prof. Bragg’s secretary, Miss Wini-
fred Callis. He also brought additional mechanics,
C. Menkens (from Australia} and J. Elliott (from
Leeds). followed soon afterwards by T. P. Rigby
and G. B. Burnside, F. B. Young (Bristol} and
R. §. H. Boulding (W. Duddell’s assistant} joined
the sciemific stafi at Hawkcraig in August, 1916,
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and October, 1916, respectively. Dr.
A. O. Rankine now became a frequent
visitor and introduced the “photophone’
lo our programme of investigations. The
dav afler the arrival of Prof. Bragg as
R.D.R.. Prof. l¢ Duc de Broglie visited

e ion Hawkcraig. He came later (in August.
hinge 1916) with M. Perrin. and again in
December, 1916,

- We had often watched and listened 1o
g Admiral Beativ’s Battle Squadron as
£3 Cable they went out to the North Sea from
2E Kland Rosyth, but our feelings on 1st and 2nd

E:Eg ' June, 1916, were very different from
BE : fleavy normal when the straggigrs returned to
o [ anmlus Rosyth after the Battle of Jutland, Only
e | two weeks earlier both Admiral Jellicoe
°3 . and Admiral Beatv were at Hawk-
= o ainiug craig and now we were hearing the

, micrapliore reports of some of their fine ships sunk

Diaphragm and large numbers of men lost. Shortly

afterwards, on 17th June, 1916, His
Maujesty King George V was at Aber-
dour visiting Admiral Beatty, and the
day previously Mr. Asquith was at
Rosyth. These evenis impressed us all
more Llhan ever before of the very
serious issued involved in war,

Afier the arrival of Prof. W. H.
Bragg and the increased scientific
staff at Hawkeraig in May, 1916, re-
search was conceniraled on further im-
provements of the single-diaphragm bi-directional
hydrophone and methods of making it uni-direc-
tional. Baffle-plaies of slightly smaller diameter
than the hydrophone were mounted facing one
side of the diaphragm (see Figs. 2 and 3). These
baffle-plates were of various kinds, lead-covered
cones of wood or lead-covered flat discs of wood,
and later F. L. Hopwood used hollow discs of
Xylonite partly filled with lead shot. The baffle
was only effective at a certain critical distance
of separation (about two inches) from the hydro-
phone diaphragm. The effect of the baffle was 1o
convert the bi-directional * figure of eight’ polar
diaphragm into a uni-directional figure having a
broad maximum and a not-so-good minimum.
I have a nole on some experiments in August,
1916, using this hydrophone that we located the
submarine G.4 at a range of four miles (weather
conditions not stated). Considerable numbers of
uni-directional single-diaphragm portable direc-
tion-finders were used, mainly by drifters and
other smali craft, and a few on submarines (see
Fig. 3) in their scarch for encmy submarines during
the war.
A. O. Rankine’s photophone™ was fitted up
with the transmitting mirror at Hawkcraig and the
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receiving niirror on the island of Inchcolm!®, 14
miles away. Briefly, the photophone operates on
a speech-modulated beam of light, transmitted by
a large diameter convex lens (or mirror). The light
from a point light source is focussed by the lens
on a small concave mirror attached to a gramo-
phone sound box or to the reed of a telephone
earpicce. The light diverges and passes through a
similar lens which projects the beam to the distant
station. Two similar grids are mounted — one in
front of each lens. An image of the first grid is
superimposed on the second by reflection in the
small concave mirror. When the latter oscillates
under the vibrations of speech the dark spaces of
the image-grid move over the openings of the
second grid, thus producing fluctuations of intensity
of the light beam. This fluctuating light is collected
at the receiving end by a mirror or a lens and
focussed on a photo-clectric cell (actually one of
Fourricr d"Albe’s selenium cells) in circuit with a
battery and telephones. The resistance changes of
the selenium result in the reproduction of the
original sounds in the telephones. (Note: There was
then no amplifier at the receiving end.) If, and
when, the light-beam was picked up by a
large scarchlight mirror at the receiving “end
on Inchcolm (1} miles away) the speech was
casily audible and of good quality, But it was very
cxasperating 10 the operators at both ends when
the beam was not accurately directed and there
was no altermative means of communication be-
tween Hawkcraig and Inchcolm. Eventually, Prof.
Bragg persuaded Cdr. Ryan (o lay a spare length
of hydrophone cable 10 be used as a telephone line
between the 1wo photophone stations, and this re-
sulted in a marked improvement. But, alas, about
two weeks afterwards, when Prof. Bragg was
attending a mecting in London, the cable was
picked up again without apology or explanation,
just "orders.” by one of Cdr. Ryan’s officers. On
another occasion. when Prof. Bragg was out on
HM.D. Hiedra, he asked the skipper of the ship
to perform a certain manoeuvre. On the ship re-
turning to Hawkcraig, Cdr. Ryan sent for the
skipper and gave him 14 days C.B. (in the
ship) for disobeying his orders. Prof. Bragg
went 10 see Ryan and apologised for having
usked the man to do what Ryan had previously
told him not to do and accepted all the blame,
but the C.B. sentence had 1o stand. 1 mention

" Proc. Phys. Soc., 31, (1919), 242; 32, (1920), 78 and
“Sound”, A. B. Wood, G. Bell and Sons Ltd., 1930.

On which sland Ihe remains of an ancient monastery
and a hermits” cell, At this time the monasiery was
being used by a company of submarine miners (in
command of Brigadicr Bose), Some of us were made
members of the Officers’ Mess on Inchcolm.

€2)

23

these incidents in illustration of a ‘state of strain’
which was beginning (o develop at Hawkcraig at
this period, and shall have to refer 1o this later, I
could tell of a number of amusing incidents which
occurred during the photophone experiments, but
one must suffice ! On one occasion when T was out
in a small boat, maybe 50 or 100 vards. from the
transmitting end of the photophone on Hawkeraig,
I could clearly hear the operator saying I am
speaking softly now,” and 1 wondered what was
the advanitage of using the photophone! The
photophone was designed for use as a short-range
station-keeping device between ships of a fleet, but
so far as 1 know it was never used for that purpose.

Bi.directional
hydrophone

Uni-directional
hydrophone

Fig. 3. Bi- and wni-dircctional hiydrophones fited 1o
submarines,
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Fig. 4. Double

diaphragm 1ype
pi-direcrional hydrophone.

The photophone method of modulating a beam of
light by speech was, however, used afler the war
bv Rankine for recording speech on film in con-
nection with the development of *talking* films,
a process then in ils infaney.

After his arrival at Hawkcraig in August, 1916.
F. B. Young and [ became interested in a number
of new developments. In one of these it had been
suggested that a simple elongated ellipsoid of
light but rigid construction in which was mounted
a carbon granule * button * microphone might serve
4s a directional receiver in water. Sueh a body
lighter than the medium it displaces. should have
a displacement or velocity-amplitude greater than
that of the surrounding medium, depending on
the shape of the body. For example. an ellipsoidal
body would have the greatest amplitude when the
long axis coincides with the direction of the sound-
waves. The response of the enclosed microphone
would .therefore vary with the orientation of the
ellipsoid. Preliminary lests with a hollow glass
ellipsoid indicated a direction ratio of 20 or 40/1,
whereas the theory {developed by Prof. H. Lu_mb)
indicated only 2/1. By mfcans of a specially
constructed ebonite ellipsoid in which the micro-
phone could be rotated relative to the axis of the

ellipsoid. we showed that the observed high direc-
tion ratios were mainly due to the microphone
itself>. Hence it appeared that there was little
to be gained by adhering to the ellipsoidal form,
a microphone being mounted in a small. light
sphere being equally effective and possessing the
advantages of grealer compactness and rigidity.
Although this (vpe of hydrophone was not used
under Service conditions, it proved very valuable
as a research tool. We used such a hvdrophone
(one inch in diameter) in exploring the sound
distribution.  direction and amplitude. around
various bodies submerged in water, It was in
these experiments we discovered that the baffle
effect in the uni-directional hydrophone described
above was due primarily to the air film enclosed
in it and mot 10 the solid materials which en-
closed the air film! The *displacement * or * vel-
ocity * hvdrophone as it was called is less sensiuve
than a * pressure " (diaphragm) hydrophone of com-
parable dimensions, but il serves not only as a
detector but also as a direction indicator. We
also used these small * velocity * and * pressure’
hvdrophones to explore the sound distribution in
shallow water, and observed Llovd™s mirror inter-
fercnce effects due 1o interference between ‘direct’
sound and sound reflected from the water surface
and the botiom,

In connection with (he above-mentioned ex-
periments, F. B. Young and I devised a system
of intensity-loudness calibration, using a resist-
ance shunt in the microphone eircuit calibrated
to an intensily scale by means of a vibration
galvanometer at frequencies between 500 and
1.600 ¢/s. Sounds in the * unknown* region of the
sound field were adjusted by means of the resist-
anee shunt to equal loudness with the sound in
the * free ~ undisturbed sound field. We found also.
in conformity with the Weber Fechner law. thal
“the increase of stimulus 3E to produce the
minimum perceptible increase of sensation is pro-
portional to the pre-existing stimulus E. In the
case of our measurements of sound intensity under
waler it was found that 8E/E was approximately
01 in the absence of extrancous nojses. This
observation has ofien been confirmed since by
other experimenters in this country and the
US.A. We had no means, at that time of course,
of measuring sound pressures in dynes/cm?, or in
decibels—the db had yet 10 be * invented.” Mcasure-
ments were also made of the frequency scnsilivity
of the ear, al various frequencies.

Some experiments were made with towed hy-
drophones both by Cdr. Ryan and the B.I.R.
contingent, but very little progress was made due

“ See Proc, Roy. Soc., 100 (1921), 252 and 261. See also
“Sound,” A. B."Wood, G. Bell and Sons Lid.. 1930,
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(o excessive waler noise and vibration of the
towing rope. G. H. Nash, of the Western Electric
Company, Woolwich, was also interested in towed
hydrophones and visited Hawkcraig in 1916 for
advice and discussions. He eventually produced
a ‘fish® containing our directional hydrophone
(electrically controlled from the ship). for which
he claimed a large award at the end of the war,

Preliminary tests were also made of a depth-
sounding bomb sent up to Hawkcraig by Sir
Richard Paget. The depth was to be determined
from the time of fail of the bomb from Lhe water
surface (o the botlom, the impact on the botlom
being indicated by an explosion of a small charge.
A recorder designed by W. Duddell indicated the
instants of release and impact, and by calibration
in known depths of water its depth as a function
of time was found, The suggested alternative
acoustic method of 1aking soundings by means
of echoes from the botlom was then considered
impracticable owing to the short time intervals
involved and 10 the faintness of the echoes which
a Fessenden oscillator had been found 1o praduce
from a hard sandv bottom. The trials of the
bomb were a history of failures*’. It was hoped
that this D.S. bomb could be used to take sound-
ings at speed and D. of N. attached the highest
imporlance Lo the work. The price guoted in 1916
for its manufacture in quantity was 30s. each. We
know now that echoes are much cheaper !

During the early tests of the D.S. bomb and
recorder. William Duddell visited us at Hawk-
craig. We talked with him about our sound
analysis experiments using his vibration galvan-
ometer. He did not seem physically strong at
that time (1916) and he died soon afterwards. in
1917. In 1915 he wrate a B.LLR. report on ‘ The
general question of delecling submarines by elec-
trical and electromagnetic means '— an excellent
summary of the subject with tbe facilities avail-
able at that time. It was. however, not until the
experimental station moved 1o Harwich {Parkes-
ton Quay) that investigations of electrical. eleetro-
magnetic. and magnetic methods of submarine
detection were taken up seriously. Other visitors
to Hawkcraig late in 1316 were Vice-Admiral Sir
Richard H. Pierse (who was a member of Lhe
B.1.R. Central Committee), Adnmiiral Commander-
in-Chief, Rosyth, and Lady Hamilton and their
daughter: Prof. J. E. Petaval (Professor of En-
gineering at Manchester University. and later Sir
Joseph. Director of the National Physical Labora-
tory, Teddington); and Mr, Richard Threl-

“ A Report on the history and demise of the Depth
Sounding Bomb was writlen by F. B. Young and
A. B. Wood in a Shandon AES. Report dated 22nd
January, 1919,
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fall. who later invented the ‘sticky’ (phosphorous)
bullets which spelt the fate of the hydrogen-flled
Zeppelins: he was laler knighted for this, and it
required some effort on the part of Lady Bragg
to dissuade him from appearing at Buckingham
Palace for the ceremony in soft trilby hat, tweed
coal and brown shoes !

I first met Caplain W, L. Bragg, Prof. W. H.
Bragg's son, at Aberdour in 1916, on one of his
heme leave visits from France where he was
serving in the Army Sound Ranging Corps, and
several times subsequently at Parkeston Quay
(1917-19). It was shorly before this that they
were awarded the Nobel Prize (Physics) for their
work on X-rays and crystal structure,

Towards the end of 1916 it was becoming clear
that if we were 10 make more rapid progress we
should have to part company with Cdr. Ryan’s
small establishment at Hawkcraig. When Prof.
Bragg explained the situation to Lord (A, J)
Balfour, the latter sugsested that Cdr. Rvan should
be moved. bul Prof. Bragg said it would be beuer
if the civilian staff should move as Rvan was there
first. So on 261h December, 1916 Prof. W. H. Bragg
and his fumily, with all the staff, except F. B,
Young. myself and G. B. Burnside {who was then
a mechanic), left Hawkeraig, Aberdour. {o start a
new Admiralty Experimental Station at Parkeston
Quay. Harwich. F. B. Young and [ stayed behind
to complele our experiments, lo which | have
already referred, on Cullaloc Reservoir. We finally
left Aherdour and re-joined our staff at Parkeston
Quay in March., 1917, Besides eompleting our
sound-field experiments with the direction-finder
and baffle, we had one or two other interesting
experiences. In connection with depth-sounding
bomhs. we had occasion to visit the navigaiing
officer on H.M.S. Liowr at Rosyth. He proved Lo be
Capl. the Hon. A. C. Struit, R.N., the son of Lord
Ravleigh, He told us that in the Julland batile,
and luckily whilst he was on the bridge, a shell
passed through his cabin, exploding further inside
the ship. The heat from the shell had burnt up
evervthing in his cabin except his iton bedstead and
the ends of his golf clubs! A short time after this 1
visited the battleship Emperor of fndia—also at
Rosyth—10 have a look at the port and starboard
hydrophones. After hetng Lold they were all right, 1
examined them and found they were full of water !

Perhaps one of the most colourful, if not the
mosl profitable (from a Naval point of view). of
our cxperiences in this period was my contacl
with * Captain * Woadward of Hengler’s Circus in
Glasgow. It had been suggested to the B.I.R.
that sealions might be (rained to hunt enemy
submarines, instead of fish. and to betray their
position 10 our M.Ls or destroyers. Caplain
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Woodward, a famous sealion trainer, had been
asked to experiment with his animals o see what
were the possibililies of doing this, After he had
made some preliminary experiments, | was asked
bv the B.L.R. Section Il secretary (Sir Richard
Pagel) (o arrange a visit to see whal progress
Captain Woodward had made. Consequently. on
6th January, 1917, 1 travelled from Aberdour (o
Glasgow and met him at Hengler’s Circus, where
| had a front row complimentary seat and saw
the whole performance, which included the won-
derful balancing feats of his sealions. After the
show [ was introduced lo the sealions and some
of his assistants. The next day, Sunday, 7th
January. experiments were made with two sea-
lions. In the first test one of the sealions, which
was muzzled (with a small trap-door in the muzzle),
was released into a swimming pool (56 feet
long) in which were half-a-dozen live trout and a
bell which could be operated from the edge of the
pool. With one flap of its tail the sealion chased
the trout from one end of the poo! to the other,
the tails of Lhe trout operating at very high
frequeney (ultrasonic!). This continued, the sealion
disregarding all appeals from the bell, until the trout
could swim no longer and they lay huddled to-
gether on the bottom of the pool. In this condition
the sealion had its muzzled nose centred on the
trout and its tail out of the water and body
describing a conical path above them. At this
stage, the bell tinkled again and the sealion
responded at once and came up to be fed with
dead fish. Subsequently, realising the futility of
chasing trout, it became more and more attentive
to the bell signals. Further experiments were
made with the second sealion in an open-air
swimming pool (48 vards long) in a park. Here
it was demonstrated that the animal could easily
be trained, in the absence of fish, to respond to
very faint underwater sounds (the tinkle of a
pony’s harness bell) even when swimming under
water at high speed (about eight knots);, under
these conditions ils hearing compared favourably
with that of a sensitive, stationary hydrophone.
It was interesting to note that no sound could be
heard when the sealion was passing close to the
hydrophone at speed. although the water noise
could easily be heard by the hydrophone when the
amimal broke surface. (The report on these ex-
periments was issued in B.L.R. 2228/17). In a later
serics of experiments, in which T was not
involved, the sealions gave demonstrations in the
sea off the south coast of Wales. A full report of
these experiments, supervised by an Admiral and
several high-ranking naval officers, concluded with
the succinct remark: “ It is recommended that
these animals should now be allowed to return
10 their legitimate business.” As a sequel to all
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this, 1 was shown at Parkeston Quay, sometime
in 1917 or 1918, a cutting from a German paper
showing an illustration of a British destroyer being
led by a sealion towards a German submarine !
How the “secret’ got out during the war I never
discovered—my report was issued by the B.LR.
as “secret’ and * subject to the provisions of the
Official Secrets Act.’

Whilst we were at Hawkcraig other civilian
scientisis were working in various universities on
B.I.R. problems dealing with underwater acouslics.
For example, G. Barlow and H. B. Keene were
working with Sir Oliver Lodge at Birmingham
University on methods of sound-analysis. They
devised a variable speed interrupter method
using a d.c. galvanometer lo indicaie tuning to a
frequency component present in a complex a.c.
(such as might be due to submarine noise in a
hvdrophone). This method was stated to be more
sensitive than the vibration galvanometer methods
which we had lested at Hawkcraig. So far as
I am aware, however. it was only tested on
laboratory a.c. supplies, but not on hydrophone
currents generated by ships’ noise. J. H. Powell
and J. H. T. Roberts, working in Rutherford’s
laboratory at Manchester, did a lot of work on
the experimental determination of the frequency
and damping of metal diaphragms when vibrating
in air and in contact with water. Their observa-
tions mainly confirmed the theoretical work by
Prof. Horace 1.amb (then Professor of Mathematics
at Manchester University). Lord Rayleigh and
Prof, Lamb both did some theoretical work
on underwater acoustics, e.g., ‘sound waves in
water as modified by reflection at the surface’—
discussing the reversal of phase which occurs
when sound is reflected from a water-air interface.

In conclusion. the relatively short period of our
stay. November, 1915, to March, 1917, at Hawk-
craig. Aberdour, was in a number of ways very
fruitful. We learnt a great deal about the sea
and the propagation of sound in it. We soon
appreciaied the implications of the fact that the
velocily of sound in the sea was about 4% times
that in air and that wavelengths were increased
in the same proportion, We learnt a lot ahout
hydrophones, microphones and magnetophones,
and were in due course surprised to find what long
distances sounds could travel through water,
notably that the propeller noise of a large ship
could be heard at 10 or 12 miles. We discovered
ways of obtaining sound direction under water.
using devices considerably smaller in linear dimen-
sions than the wavelength of the incident sound.

1 think we derived a very real benefit also from
our association with such a strange mixture of
men working with the same purpose in view.
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R.N. and R.N.V.R. officers (a very mixed lot).
engineers and university scientists, we found, had
much in common and had much to learn from
one another.

~ When F. B. Young und I hnally lcft Aberdour
in March, 1917, 10 join our new B.LLR. Admiralty
Experimental Station at Parkeston Quay. Harwich,

ADMIRALTY EXPERIMENTAL
(HARWICH)

The Resident Direcior of Research, Professor
W. H. Bragg, and staff left Hawkcraig, Aherdour.
at the end of 1916 ** to reopen on new premises
at Parkeston Quay, Harwich, at the beginning of
1917. F. B. Young and 1 followed them from
Aberdour in March, after the completion of some
experiments 10 which 1 have previously referred. At
Parkeston Quay the conditions for sea research
were in many ways a great improvement on those
at Aberdour. A greater number and variety of
ships were available. workshop and laboralory
facilities were constderahly betler and a large
increase of scientific, clerical and workshop staff
was provided. The workshops and laboratories
were silualed beiween the ralway and the quay-
side at Parkeston in the area which is normally
used by the Harwich Hook of Holland shipping
lines, Alongside the quay was moored H.M.S.
Maidsione (Capt. Waistell, R.N.), a clipper built
about 1905 used as a depot ship, officers™ quarters,
and mess for submarines {mainly "E’ class) based
on Harwich. (H.M.S’s Pandora and Forth, moored
at the quav near Maidstone, served a similar
purpose for the *C’ class submarines.) The scien-
lific staff were also made members of the Muaid-
stone officers’ mess. Some of Maidstone’s senior
officers were very helpful to us in discussions
of problems relating to submarine detection, Of
these. the names of R.N. Commanders Brooke-
Booth. Ham. and Wilkinson come to mind. In
addition 10 advice, they frequently provided us.
on request and at short notice, with submarines
for experimental purposes. At that time most of
the submarines were of the "E” and *C’ class (800
and 320 tons submerged displacement) fitted with
Ryan's service hydrophones. port and starboard
near the bows. and frequent use was made of
these in the course of our experiments.

_Harwich is situated at the confluence of the
rivers Stour and Orwell and the entrance to the
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we felt in a much better shape to tackle anti-
submarine problems than in the early days at
Aberdour. At Parkeston Quay. where Admiral
Tvrwhitt's destroyer and submurine Aotillas were
hased, we had belter sea and laboratory faciliues.
increased staff, and altogether much better scope
for developing new ideas into * hardware.’

STATION, PARKESTON QUAY
1917 to 1919

harbour is partially ‘screened” from the North
Sea by the peninsula ending in Landguard Point
and upon which Felixstowe stands. Parkeston
Quay, a little 1o the west of Harwich, is on the
south side of the Stour, so that vessels leaving or
approaching Parkeston Quay have to negoliate a
buoyed channel, At the period of which | am
wriling a picturesque feature of the Stour, viewed
from Parkeston Quay, was the old Garnges, used
as a depot ship. moored just off Shotley. [t was
said that at dusk the singing of the nightingales
near the Shotley Naval Hospital could be heard
from the Ganges, The submarines and destroyers
of Tyrwhitt’s squadron were moored in the Stour
near Parkeston Quay and Harwich.

In a short time after our arrival at Parkeston
Quay from Aberdour. our scientific staff grew
from the *Aberdour Six’ to well over 30: the
number of mechanics increasing from five in
an even grealer proportion, to about 50. As no
group photographs of the scientific staff were ever
taken, either at Aberdour or Parkeston Quay.
1 think it might prove of some interest if 1 gave a
list of their names with a ‘shorthand’ indication
?)f their main occupations at A.E.S.. Parkeston

uay:

Professor W. H. Bragg, F.R.S.
Resident Director of
Research.

Professor (Major) A. S, Eve, F.R.S.
Deputy R.D.R.
Succeeded Prof. Bragg as
Resident Director of
Research when he went 1o
the A.S. Dept., Admiralty,
about the end of 1917.

Chief Research Assislant,
and later R.D.R’s depuly.

Dr. A. O. Rankine
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Asdics.

Sound ranging (underwater).

Microphones.

A.C. unit and leader gear.

Hvdrophones. Loops.

Hydrophones (D.F’s and
*bias’).

Hydrophones (rubber types),
rowed ‘binaural” and ‘sum
and difference’ methods.

Dr. R. W. Boyle
R. H.S. Boulding
G. B. Burnside
Dr. C. V. Drysdale
H. Gerrard

F.LI. Hopwood

A. L. Hughes

J. T. Irwin Sound recording.
Instruments.

J. H. Powell Hydrophones—ali kinds.

J. H. T. Roberts Hydrophones.

H. R. Rivers Moore  Lcader gear,

B. S. Smith Microphones and magneto-
phones.

A. B. Wood P.D.Hs., loops, *A’ mines,
sound measurements,

F.B. Young Elcetrode “search gear’,

L. Hartshorn A.C. unit. Relays.

R. S. ). Spilsbury A C. unit.

F. D. Smith Electrolytic condensers.

R. E. Gibbs Relays.

W, Jevons Eilectrode search gear.

W, F. Rawlinson Asdies.

J. Anderson Asdics.

L A Craig [nstruments. Electrode gear.

T. C. Sutton Hydrophones (iowed from
aircraft).

G. Williamson Hydrophones.
Parson’s siren.

F. P. Burch Electrode search gear.

- — Place Elcctrode search gear.

- — Brookes Electrode search gear.

Asdics.

The following licutenants R.N.V.R. also formed
part of the scientific staff and assisted in sea trials
in connection with the items mentioned above:

G. F. Partridge, Bieler, Tonides, Wells, H. Ham-

ilton {N.Z.), Saville, Wvlie, and Capt. A. J.

Roberts, R.A F.(N.Z.).

Professor J. C. McLennan and Kenneth King-
don (both from Canada). working on magnelic
mines (‘M sinkers), divided their time betwecn
Parkeston Quay and Mining School, Portsmouth.
It should be “undersiood, of course, that the
scientists in the list given above also frequenily
worked on other rescarch items in addition to
those I have indicated.

On the cngineering desigrf and drawing office
side we had Major J, H. W, Gill, R.E, Mr, D. V.
Hotchkiss, Lieutenant R. Lucas, R.N.V.R,
Messrs, M. W. Burgess, J. L. Orchard, and

0. le M. Knight; Miss W. W. Callis (Professor
Bragg's secrclary) with Misses E. Gerrard and
M. Milsom, took care of the clerical work, and
Messrs. O. H. Dyke, Staddon and C. M. Hubbard
the storcs. I can remember the names of some of
the workshop staff: C. Menkens (manager), T. P.
Rigby (foreman), J. Elliott, D. Bradbury, E. W.
Dowsett, V. Allerton, H. M. Jackson, G. H. Jessop,
E. Wood, L. S. Pogson, three brothers James,
George and Edgar Stephenson; two brothers, W. D.
Vick and A. E. Vick {the father and uncle of F. A.
Vick. who is now Director of A.E.R.E., Harwell},
F. Stokes, T. Dare, J. Robinson, H. Marvel, and
H. Coulson.

On our first arrival at Parkeston Quay, work
continued on the lines developed at Hawkeraig.
but with the improved facilities it became possible
to investigate new lines of research. With an
almost phenomenal increase of new ideas, the
staff, workshop, and the ‘B.ILR. Fleet’ grew
rapidly, as illustrated in the list of scientific staff

H.M.S. Ganges

indicaled above. In addition to submarines, patrol
boats (* P’ boats) and destroyers available ‘ on the
doorstep’, we had our own vesselss ML. 14,
HM.T. Nellie Dodds, HM.D. Hiedra {(from
Hawkeraig), H.M.Y. Dotter (a large steam yacht),
Ebro, Ivy, the barge Excelsior {moored up the
River Stour), and possibly one or two more vessels
whose names T forget. With Admiral Caley’s per-
mission we were also enabled to make good use
of the two large galeships (Hautpur on the Land-
guard side, and another on the Harwich side).
These 1wo ships, cach of length 200 ft., moored
about 180 yards apart, formed very stable plat-
forms with plenty of frec deck space and deck
cabins available for experimental equipment. All
ships entering or leaving the harbour were com-
pelled to pass between them, so we had a plentiful
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supply of ship targets of various kinds — sub-
marines, destrovers, cruisers and small craft—on
which we could test our experimental equipmient,

The list of siaff and research items shown
on page 28 gives an over-simplified impression
of the numerous research items with which we
were concerned. If 1 were lo try 1o cnumecrate
them all it would certainly appear that at Parkes-
ton Quay we “skimnied the cream’ off many of the
submarine detection, location and destruction
methods which have been used in the two major
wars ! Some of these methods have been much
improved and are still in ‘potential’ use today. In
addition to the development of ‘hardware’, uscful
in tinic of war, new knowledge was obtained on

Workshop Staff at AE.S. Parkeston Quay, Harwich, 1918

fundamental principles relating 1o the propagation
of sound and electro-magnetic signals in the the sea,
and in terrestrial magnetism as it affects the magnet-
isation of ships and the detection and desiruction
of submarines below the surface of the sea. In what
follows, I propose to refer bricfly to some of the
morc importanl problems with which we were
immediately concerned at Parkeston Quay.

At Hawkeraig we had laid down the basic
principles in the design of a portable direetional
hydrophone (P.D.H.}) and had made the first
successful model. The work of making a rcliable
‘service type’ P.D.H., either bi- or uni-directional,
and to get these hydrophones into service as
quickly as possible was therefore a high priority
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item. Much of the work of testing P.D.Hs was
done in the relatively quiet waters of Lhe Stour,
using the barge Excelsior as a floating laboratory,
and one or other of our ‘fleet * of ships to circle
arpund and provide the source of sound. Altcrna-
tvely, a source of “white noise’ (analogous
to ‘white ligh’, as including all frequencies in a
wide range) was provided by a ‘rautler’—a thick
steel plate struck by a hamnier about 20 times a
second, and a ‘rumbler’—a motor-driven drum
conmaining miscellaneous pieces of metal and
which ‘rumbled” or ‘rattled” around inside. Range
tests of the hydrophones were gencrally made out
at sea in the neighbourhood of the Cork lightship.
A new reproducible baffle (or ‘bias), to make the
hydrophone  uni - direc-
tional. was developed.
In its final form this
baffle consisted of a len-
ticular dise of xylonile
with an air cavity con-
taining lead shot as
damping material. This
is shown in Fig. 2
Much effort also
went into the standardis-
ation of sensitivilty and
frequency range of both
granular button micro-
phones and hydrophone
diaphragms. Both ‘single’
and ‘double’ diaphragm
hydrophones were used
in considerahle numbers
by small craft from mid-
1917 to the end of Lhe
war in November, 1918.
In a drifiing ship, under
average weather  con-
ditions, they could detect
and give the bearing
within a few degrees, of a ship’s propeller at
several miles, the range depending. of course. on
the horsepower and specd of the ship. These
directional hydrophones were sometimes fitted on
the superstructure of submarines, and others were
uscd in towed sireamlined bodies astern of the
aerated wake of the towing vessel, the orientation
of the hvdrophone being motor-controlled via a
multi-core cable to the ship.

-1

Referenee  has  already been made 1o the
use of Commander Ryan's ‘port and starboard
pairs * of hydrophones in submarines and surface
ships. Ryan also controlled a serics of about
20 hydrophone stations at suitable situations
around the coast. Thesc were fitted with a number
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of tixed non-directional hydrophones, on moor-
ings or mounted on tripeds, connected by cables
10 a listening post ashore. They kept a constant
walch on all vessels approaching estuaries and
harbour cnirances. Numerous other forms of
hvdrophones were designed for various purposes.
Instead of using resonant metal diaphragms 10
receive the sound, some of these hydrophones
were constructed entirely of thick rubber enclos-
ing a small air space containing the microphone
(which also had a rubber annular diaphragm to
replace the more usual micra annulus). These non-
resonant hvdrophones were designed to give a less
distorted impression of the characteristic sound
of a ship. Some were spherical in shape, three
or four inches in diameter. others eylindrical
(length equal 1o diameter)—known as ‘chunks.’
Many forms of towed hydrophones (fishes). * Eels.’
* Porpoises.” etc. were tesled, some carrying a
single hydrophone, others having several, Pairs of
hydrophones were ofien used binaurally, with
suilable spacing. 1o obtain directionality, an
American  * binaural comipensator”  being em-
ployed as an allernative 1o mechanical rotation of
the line of hydrophones. Pairs of electrical receivers
{hydrophones) were also used cither binaurally or
by the *sum and difference” mecthod to obtain
directionality. My own impression of towed hydro-
phones in general use at this time was not very
favourable. Al speeds above three or four knots
extranecous noise due to wwing rope vibration,
water noise and own ship’s propeller noise tended
to mask the ‘ wanted” noise of a distant ship or
submerged submarine. and ranges of detection were
consequently rather small. Atlempls were made to
tow hydrophones from a low-flying seaplane oft
Felixtowe, but the resulls were not very encourag-
ing. A novel form of directional hydrophone system
fitted to the hull of a ship was suggested by
Licutenant Walser of the French Navy. This con-
sisted of a pair of *blisters” on port and star-
board sides of the hull. These blisiers, 3 or 4 fu.
in diameter, were spherical steel surfaces covered
with a large number of small diaphragms (ap-
parently like a magnified fly’s eye). The sound
from an external source was brought 0 a focus
inside the ship and the direction determined by
the position of this focus, the operator listening
to the airborne sound picked up by two (por
and starboard) collecting cones. I never actually
listened (o the ‘ Walser Gear,” as it was called.
but T remember meeting Liculcnant Waliser when
he visited Parkeston Quay. His *blisters’ were
fitted to ships in the French Navy but, so far as
[ am aware, we never used them in our own
ships. I often went out with our own ‘E’ class
submarines, listening on the hull-fitted hydro-
phones to other ships. When travelling at two or
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The Walser Blister gear, 1918, Asdic or hydrophone dome
on left.

three knots on molors submerged there was hardly
any background noise and destrovers could be
heard many miles away. When the submarine was
at rest on Lhe bottom of the North Sea the silence
was impressive and the ranges of passing vessels
considerable, On some¢ of these submarine ex-
peditions T was frequently accompanied by a
young submarine officer, Licutenant Leslie, RN,
who was cxperimenting with tlowed W/T aerials
using a box-kite to keep them above the water. In
his first atlempt he lost the kite, the first ‘dot’
having burnt the bit of string which tied it 1o the
aerial ! Not long after this he was reported missing
in a submarine which failed to return.
Contradictory reports of the relative sensitivities
of hydrophones of the same or different types
were making it increasingly clear thar some form
of objective measurement of relative sound in-
tensities was urgently required. Earlier [ referred
to sound measurements made at Hawkcraig and
at Cullaloe Reservoir. but I felt that the require-
ment now was for a poriable direct-reading instru-
ment. I first used a hot-wire indicaling instru-
ment in the secondary circuit of a microphone, bul
this was far 100 insensitive. Eventually. I tried
a carborundum-steel rectifier, as used in W/T on
ships, and, to my surprise, found that ordinary
hvdrophone sounds gave rectified currents which
were casily measurable on a D.C. micro-ammeler.
After experimenting with various tvpes of rectify-
ing contacts. e.g. carborundum-steel, zincite-
bornite, zincite. platinum, silicon-steel, tellurium-
zineite, and different transformers, T found that cur-
rents of the order 100 to 1,000 micro-amps were
casily obtainable when ships passed a hvdrophone
at short ranges of 100 yards or so. I used crystal
rectifiers, calibrated by means of an A.C. potentio-
meter, to compare sound intensities (or rather,
pressure amplitudes) in a large number of under-
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water acouslic applications, e.g., (1)} directional
characteristics of bi- and uni-directional hydro-
phones; (2) variation of water-noise with speed of
ship (using service hull-hydrophones on surface
ships and submarines); (3) noise of auxiliary
machinery on a patrol boat with the object of
sound-insulating the machines (an experiment
which was never completed—I only did the *before’
measurecments !). (4) rise and fall of sound intensity
as a ship approached towards and receded from
a hydrophone; (5) the variation of sound output
with speed of a motor driven cavitaling propetler;
(6) walcr noisc in towed hydrophones, variation
with speed. and so on. It was clear from such
observations as those in (4} that there was enough
rectified current available to operate a D.C. relay
of the Weston moving coil type. Consequently, [
laid a hydrophone on the bottom between the gate-
ships at Harwich and arranged a ‘crystal * circuit
to operate two relays, one the more sensitive which
gave warning of an approaching ship. and the other
less sensitive which indicated when the ship was
passing over the hydrophone. Destroyers, sub-
marines on diesels, and minelayers rang the warn-
ing bell when 200 or 300 yards away. the current
subsequently rising to a peak of several hundred
micro-amps and falling again after the vessel had
passed over or near the hydrophone. Of course, the
obvious application of this was an acoustic non-
contact mine. We had many visitors Lo see these
demonstrations at the gateships. [n May, 1917,
soon after the proposal for an acoustic mine had
been submitted o the Admiralty, Mr. Richard
Threlfall was at Parkeston Quay and told me that
Admiral Lord Fisher (Chairman of the B.LR.
Central Committee} was very keen about it and
that its development was a matter of high priority.
Professor Bragg also showed me a letter from
Vice-Admiral Pierse re the urgency and secrecy
of the crystal acoustic mine experiments. A short
time afterwards. in June, we had other visitors:
Sir J. J. Thomson, Vice-Admiral Pierse, Sir
Charles A. Purvis, Sir Alfred Yarrow, Professor
O. W. Richardson and Professor C. G. Barkla.
As at Aberdour, Sir Ernest Rutherford and Sir
Richard Paget were frequent visitors to Parkeston
Quay, staying al the Alexandra Hotel in Dover-
court, R. W, Paul was also in and out of the
laboratories at Parkeston Quay at this time (mid
1917) making tests of a magnetic system which
he was developing for a non-contact magnetic
mine. There was the occasion when he borrowed
a slop-pail from the Alexandra Hotel and carried
it undisguised to Parkeston Quay from Dover-
court! Hec used it to contain his magnet system,
to be lested. submerged, with a ship running past.
Unfortunately, on the first test the watertight
joint under the lid of the slop-pail failed and his
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lovely pivoled magnet system was put out of
action. About this time also Rankine and I were
testing a new Ewinrude outboard motor fitted to
a small boat. We started off gaily from Parkeston
Quay o go to the gateships, but as we were pass-
ing Harwich picr we were caught by a fast ude,
well in excess of the maximum speed of the
Evinrude, and were being rapidly carried out to
sea towards Kiel! Fortunately we were able to
stcer close to one of the gateships where a rope
was (hrown to us by a friendly and observant
sailor.

Although the practicability of the acoustic
mine (‘A’ attachment crystal unit) was demon-
strated at Parkeston Quay in May, 1917, the de-
velopment trials did not commence until Oclober,
1917, and continued until April. 1918. During
most of this period [ was in Portsniouth. at
*Mining School® Gunwharf. Some of the staff
here were Captain Napier, R.N.: Commander
Gwynne, R.N.; Licut.-Commander Murray, R.N.;
Lieutenant Budgen, R.N.; and RN.V.R. Licu-
tenants Lamb, Henderson, Anthony and Pickford.
(Licutenant Lamb was the son of Professor Horace
Lamb of Manchester University and was himself
Professor of Electrical Engineering at East Lon-
don College). F. E. Smith’s magnetic mine, ‘M
sinker* or ‘M destructor.” as it was called, was
also being developed at Mining School at the
same time. The ‘A’ attachment was to be fitted
to a standard HII buoyant mine, which sways in
a tideway. whereas the ‘M ™ unit was fitled in a
hemispherical ground mine (known as the 'M
sinker ). which was motionless after laying. Tt
seems advisable at this point lo continue my re-
marks on the development of these twp mines
rather than to break the continuity by referring
here to other important work at Parkeston Quay
started prior to the Mining School trizls, The
development of the acoustic mine was considered
sufficiently important for Professor W. H. Bragg
(then Resident Director of Resecarch at Parkesion
Quay and soon afterwards Scicentific Adviser to
the Director of the Anti-Submarine Department,
Admimalty) to take part personally at Mining
School in the development and trials—extending
as they did over a period of about seven months,
These trials involved the plotting of what we
called *1so-sonic lines' around various ships
(destrovers, submarines and mine-laying trawlers)
using the crystal rectifier system to measure Lhe
microphonic currents from a hydrophone fitted
on Lhe cover of a buoyant mine, the ships running
past on a series of parallel courses in Spithead.
The charts of such observations showed clearly
the sound distribution round a moving ship, and
indicated that there was plenty of mine actuation
sensitivity “in hand.” as the Parkeston Quayv
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observations had previously shown. Then came
the countermining trials which gave the first severe
setback to the scheme. The violence of the shock
from a nearby countermining charge dished the
steel diaphragm and smashed the carbon granule
microphone. For more distant countermining ex-
Mosions, the reverberation due to bottom and
surface reflections, a very loud sound lasting
about 30 seconds, was also sufficient to fire the
mine. After much effort these difficulties were sur-
mounted; a thicker steel diaphragm and protecting
plalc was used, a single vibrating (‘ chattering )
contact was substituted for the rather delicate
carbon granule microphone and a clockwork de-
lay was introduced which operated on the initial
shock of an explosion pulse 1o cut out the mine
firing circuit for any desired pedod (usually about
a minute). Several thousands of these mines were
ready for laying when the end of the war came
in November, 1918,

|
;
|
|
|
J

Shock contact thold-off type) for sound ranging, 1917 - 18.

Whilst the ‘A’ attachment trials were in pro-
gress, Professor J. C. McLennan (McGill,
Montreal) and Kenneth Kingdom were working on
F. E. Smith’s magnetie mine. In principle, this mine
used a magnetic system of two bar magnets, one
having a large moment of inertia and the other
relatively small, These were pivoted vertically
above one another and when at rest pointed N-S.
One magnet carried a pair of contact wires and
the other a single wire, mounted in such a way that
a small deflection of one magnet relative 1o the
other would bring Lthe wires inio contact and fire
the mine. The mine was not allowed to come into
operation for some time after laying in order o
penmit the two magnels 1o settle down in the
natural N-5 position. The subsequent passage of
a steel ship over the magnetic system would then
deflect the small magnet more quickly than the
larger onc and consequently cause firing. 1 well
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remember Professor Mcl.ennan and F. E. Smith
condoling with me¢ when my acoustic mine was
so easily countermined, pointing out, of course,
that such a thing was not possible with a magnetic
mine. But 1 also remember a little later when the
“purely formal® countermining trials of the
magnetic nune took place in Spithead. The
hemispherical ground mine (the * M sinker ”) was
laid and a firing lead from it brought 1o the
“observing * ship and connected 10 an indicating
bell circuit. The countermining charge, about half
a ton of T.N.T.. was laid about 100 vards away,
also on the sea bed, like the * M * mine, When the
couniermining charge was fired the bell rang and
conlinued lo ring for at least a minule: the cause,
no doubt, being due to the ground shock of the
explosion violently shaking both magnels which,
in their undamped condition, continued to close
the firing contacts intermittently for so long a
period. Needless 1o say, the A.CM. (anii-counter-
mining) mechanism, shock contact and clock, of
my acoustic mine now became a matter of more
urgent interest for the magnetic mine ! The clock-
work dclay mechanism finally chosen for this
purpose was a medified Ingersoll watch mechanism
which could in 1918 be bought very cheaply in
large numbers. The magnetic mines were
ultimately laid before the war ended, but T have
no reliable information as to their effectiveness.

Whilst still at Mining School. in December, 1917,
I devised an acoustic firing system known as the
* shunt-relay unit,” which was considerably simpler
than the crystal unii, requiring much less current
and having a much longer ‘life.” In this new
systeni1 the ‘chaltering’ conlact short-circuits a
relay, when not in vibration. but allows inter-
mittent direct current {without rectifier) to flow
through the relay when the chatterer vibrates
(effectively changing its ‘ shunt’ resistance from
zero to a high value). This shunt-refay acoustic
mine was used extensivcly and with success during
the 1939-45 War.

Soon after returning to Parkeston Quay at the
end of April, 1918, 1 had the good fortune to meet
Professor C. V. Boys (who was visiting A.E.S.
Admirahlly). Whilst discussing with  him the
‘frequcney of chatter’ of chattering contacts
{used in acoustic mines) and the question of the
hardness required in the contact surfaces, he re-
lated his experiences with *a handfull of
diamonds.” Pressure of the hand on these, the
hardest of malterials, caused a piercing squeal. the
frequency rising from a comparatively low value
to somewhere above the upper audible limit. With
the object of making an acoustic mine which re-
quired no microphone or chatterer current- and
consequently would have a very long life after
laying. 1 experimented with what we called * vibra-
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tion integrators.” Several forms of lhesc were de-
signed on the principle that the friction between
iwo surfaces in contact is reduced when one (or
both) of the surfaces is in vibration. The continued
vibrations of a diaphragm have an ‘additive’
cffect on a spring-controlled moving arm which
closes a *local * contact. A simple resetting device
was fitted so that the integrator was continuous
in_action so long as the vibrations were main-
tained. Such a device in an acoustic mine takes
current from the (limited) battery supply only when
the diaphragm is in vibration. As a simplc alierna-
tive to this, for use with the shunt-relay mine men-
tioned above, T used non-polarising sea-walter cclls,
e.g., carbon-cast iron or carbon-zinc with sea-water
electrolyte, capable of supplying a small current
{of the order of a few milli-amps) for an almost
indefinite period. A “ horn’ baltery of iron-carbon
was all that was required to energise a shunt-rclay
unit for a very long period (at least equal 1o the
ordinary life of a mine).

This brings me back (o May, 1917, when 1 was
using a crystal rectifier as a means of indicating
visually the small alternating currents from hydro-
phones, and as a means of aciuating an acoustic
mine. About that time also 1 had several other
urgent interests and the day-to-day work was
divided between them as circumstances. avail-
ability of ships and workshop staff, erc.. allowed.
I have mentioned previously that we had tested a
Marconi ‘Round’ vaive at Aberdour in 1916. A
few other types of valve became available in 1917,
soon after our arrival at Parkeston Quay. A
Pliorron valve from G.P.O., a valve amplifier
{using small ‘Round’ valves) from Dr. W. H.
Eccles, a 3-valve French Army type amplifier,
some “White™ valves (from G.E.C. I think) and onc
or two more kinds. In July, 1917, the Marconi
Co. supplicd us with a wircless iclephone cquip-
ment for use between Parkcston Quay and our
ships doing trials a few miles away, 1 remember
the thrill we had when talking from Hiedra at
the gateships lo Orion up the River Stour. This
equipment conlained valve amplifiers, and Captain
H. J. Round of Marconi’s came to Parkeslon
Quay to make tests of its satisfactory operation.
As may be expected, these valve amplifiers were
soon in great demand and proved useful in many
ways, to which 1 shall refer later.

We had several acroplane raids over Harwich,
Parkeston Quay and Dovercourt in which only a
few enemy plancs took part and not much damage
was done. The craters formed by exploding bombs
in the mud flats near Parkeston remained water-
filled, but exposed at low tide. till the c¢nd of the
war. A Zeppelin raid over Felixstowe and Essex
on the night of June [6th, 1917 provided quile a
spectacle. Firing started from Harwich at about
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2 am. and we could see the Zepp. held in the
searchlights and could hear our own planes
attacking. At 3.30 a.m. it burst into flames and fell
near Saxmundham, a few miles to the north. It
had been brought down by Threlfall's * sticky’
(phosphorus} bullets which ignited the escaping
hydrogen. (Note—Ai the suggestion of Threlfall,
the B.ILR. had formed a commitiee to consider
using helium. obtainable in considerable quantities
from natural gas in wells in Canada. to inflale our
own airships, This, of course. is non-inflammable
but niuch more expensive than hydrogen.)

In July, 1917, H. Gerrard and | started a series
of experiments to explore the stray magnetic field
from the clectric motors of submarines. At first we
took portable multi-turn coils and telephones in-
side "E’ class submarines, and by listening with tele-
phones connected to the coil we could pick up the
hum of the motors and other ‘noises” which we then
aseribed (o sparking at the brushes. We also used

‘£ class submarines at Parkeston Quay, 1918.

large multi-turn coils on the drifter Hiedra—both
horizontal coils around Lhe deck and vertical coils
suspended from he rigging. Approaching a sub-
marine with its motors running we could pick up
the stray field at distances up 10 40 or 50 feet
(using a 2-valve amplifier). the vertical coil giving
better results than the horizontal. Eventually we
laid a 24-turn loop on the seabed between the
galeships and listened (o submarines, destrovers
and other ships passing over it. To our surprise
the motor hum was much less noticeable than an
irregular noise. of indefinite frequeney. which was
always associated with the propellers of the ship.
Using a valve amplifier, a crystal rectifier and a
Brown micropheone relay it was found possible 1o
ring a bell as a submarine or destroyer crossed
the cable loop. Experiments were made on vary-
ing the number of cores of the cable, the width of
the loop, and on the cffect of armouring. The
causc of this variable field (‘V.F.’ effecl as we
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called it} was at first ascribed to transverse and
torsional vibration of the propeller shaft and
other magnetic structures of the steel ships, but
as will be seen later, this was not a sufficient
explanation, With this ‘magnetic theory” in mind,
however, I made some experiments on different
lines, based on the assumption that there must
be a slowly varying field (or "C.F. effect) in a
loop of cable as a vessel passed or crossed over it.
A simple means of testing this was to use a revolv-
ing commulator to eonvert the slowly varying
currents into intermittent current of audio
freaquency. I (ried a 24-coil on Heidra but the
rolling of the ship in the earth’s field induced
large currents. These were much reduced by
using a crossed ‘figure of 8 loop, but there was
still considerable effect due to rolling and pitching.
Nevertheless, it was still possible to detect an iron
ship at 50 vards or so. I next tried the com-
mutator method on a loop laid on the seabed at
the gateships. Very strong signals with or without
amplifier were observed in the phones when sub-
marines, destroyers and minesweepers crossed the
loop. It was found that the sound was al least
ten times as loud as the ‘V.F. effect and had three
definite maxima as the ships crossed the loop.
Inserting a microammeter in series with the loop,
{ found, on the average. that submarines and
destroyers produced a rise of vollage of the order
of 14 millivolts in a 250 ohm circuit (i.e., a current
of about 50 or 60 micro-amps).

It was soon after this I heard that the loop
method of submarine detection had been sug-
gested in November, 1915, by Professor Crichion
Mitchell of Edinburgh. who had found that
large ships passing over a loop laid in the deep
water of the Firth of Forth produced deflections
of a sensitive reflecling galvanometer. In my
experiments at the gateships, where the water
was comparatively shallow. [ found that sub-
marines developed currents very much greater
than this, i.e., of the order of 50 or 60 micro-amps
in a 250 ohms circuit. These observations led to
a revival of the ‘loop’ idea of submarine detection.
Both ‘indicator loops’ and ‘controlled mine loops’
were rapidly developed. Loops were laid at
Dungeness and at Hardelot (near Boulogne) and in
the Clyde near Wemyss Bay. But with these much
larzer loops in deeper water troubles arose which
were unforseen at Harwich (with its very small
loop belween the galeships in very shallow water).
Magnetic disturbances due to local tramway
systems, magnetic storms, etc., produced galvan-
ometer deflections ai times when no surface ships or
submarines could possibly be crossing the loops.
In these very early days of loops a report came
through from Dumpton Gap that the German
Fleet was out! But no one else had noticed it.

Eventually, after mwuch painstaking research,
using balancing land loops. crossed seabed loops,
etc., the system became a standard method of
harbour defence. Profcssor J. C. McLennan, to
whom I have referred in connection with magnetic
mines, also did some useful theoretical work to
determine the mwost suitable galvonometers for
use with loops. He also analysed loop records to
determine the magnetic moments of the ships
passing over them—information which was useful
in the design of magnetic mines.

Whilst this ‘loop” work was in progress, F. B.
Young had been independently e¢xperimenting on
electrode signalling with alternating currents of
audio frequency in the sea, using silver chloride
non-polarising electrodes on towed cables, With
a pair of these electrodes towed about 50 yards
aparl in line astern near a moving submarine, he
obtained the so-called V.F. effect much more
strongly than Gerrard and T had observed it by
the coil or ‘loop’ method. Young was definitely
of the opinion that the observed effccts arose
from the fact that a submarine (or destroyer)
acted as a battery with sea-water as electrolyte,
bronze propeller and steel (or zinc-coated) hull as
the positive and negative ‘plates’. and the pro-
peller shaft (connecting propeller and hull) as the
‘return’ lead. The crackling noise, of indcfinite
frequency. heard when the shaft revolves being
due to irregular electrical contact between the
shaft and ils bearings, F. B. Young, with the
assistance of W. Jevons, Captain Ionides. R AF.,
and Messrs. Brookes and Place, developed this
VF. electrode search gear into a service method
for short-range (about 100 yards) detection of
submarines. It met with considerable success in
1918 and has also been used extensively during
the 1939-45 war—when it was re-named ‘U.E.P’
(underwater electric potential). It had its early
setbacks, however. When Young took the gear
to Scapa Flow it did not work at all weli—it was
ultimately discovered that the tests at Scapa had
been made on a new class of submarine in which
the propeller shafts had been mounted with
Michell thrust blocks and slern tube bearings of
lignum vitae, which more or less insulated the
shafts from the hull ! Various ‘Marks’ up to VIII
were developed, some with towed electrodes and
others with hull-fitted electrodes, the number of
electrodes varying from two to five aecording to
the particular use envisaged. This towed silver
chloride electrode system has also been used In
peacetime for the location of wrecks (which arc
often good ‘corrosion batteries’) and of cable
faults (in Transatlantic cables off the West Coasl
of Ireland).

As an interesting diversion from the acoustic
mine and ‘loop’ trials to which 1 have referr
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above, we had occasion to test an underwater
siren designed by Parson’s Turbines of Newcastle-
upon-Tyne. This siren was similar in principle to
the well-known air siren, but in this case the jet
of air which caused the “holed™-disc o revolve and
produce the sound, was replaced by a high-speed
jet of waler forced through the siren by a water-
pump in the ship. On a number of occasions
range trnals were made in the North Sea about
30 miles out from Harwich. Generally. three
ships were used: (1) HM.D. Thruster, operating
the siren (F. B. Young, G. Williamson and A. Q.
Carnegie on board; (2) H.M. Patrol Boat P37,
fitted with service hydrophones on the hull
F. LI. Hopwood and J. H. Powell on board: and
(3) HM. S§/M ES53, filed also with service hull
hydrophones (Lt. Leslie and myself on board).
The programme was 1o start the trials a few miles
beyond the Cork lightship, the submarine 1o
submerge and sit on the bottom whilst Tiruster
left us a1 a known speed up to a range of about

‘E' class submarines and mother ship H.M.S. Maidstone
at Parkeston Quay, 1918

20 or 30 miles, making recogmsable signals on the
siren at specified limes. The siren signals could
usually be heard clearly at ranges up to and some-
times beyond 12 miles, but on one occasion, after
Leslie and 1 in the submarine on the bottom. had
heard the first signal at minimum range. not
another ‘dot’ was heard up to the limit of time
arranged in the programme. We still continued Lo
wait on the bottom for about two hours, when the
submarine commander decided 1o surface. We
had hardly broken surface when the destroyer
rushed past us at high speed and very short
range measured in yards, creating a cerlain
amount of alarm in the submarine ! On reaching
harbour the Captain of Thruster informed us
that the siren * packed up * at the start—a piece of
cotton waste having blocked the supply pipe. He
had no means of letting the submarine know that
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the trial was a * washout,” and was getting worried
that we hadn’t surfaced earlier. I always enjoved
these submarine trips in the North Sea. We got a
very good lunch—submariners had preferential
treatment (and rightly so) for food supplies in war-
time—which, however, was only a minor pari of
the fun. It would be difficult to imagine a more
peaceful spot than the botiom of the North Sea
for the enjoyment of a quiet lunch ! Sitling quietly
on the bottom we could occasionally hear passing
ships. even without hydrophones, the sound conring
directly through the hull. The water of the North
Sea is not very clear. On a sunny day it was only
just possible when submerged to see the bows of
the submarine from the conning tower window in
the diffused light filtering through the water. Dur-
ing the period of the siren trials Sir Charles Parsons
came to Parkeston Quay on several occasions. One
of his staff, Mr. A, Q. Carnegie. was responsible
for the operation of the siren.

Early in 1917 Professor W, H. Bragg suggested
the use of a sound-ranging system at sea corres-
ponding to the Army method of locating enemy
guns on land. The lalter employed the principle
that the pressure pulse emitted by a gun on firing
a shell can be detecled and recorded by a series
of hot wire microphones extending along a sur-
veved base line, using a six-stringed Einthoven re-
cording galvanometer. Knowing the velocily of
propagation of the explosion pulse (i.e., the velocity
of sound) the position of the gun can quickly be
determined. Professor Bragg's son, Captain W. L.
Bragg. was in the Army Sound Ranging Corps in
France at this time and visited Parkeston Quay
occasionally, Using a surveyed base line of about
six hydrophones extcnding over several miles, it
was shown to be possible to detect underwater ex-
plosions of mines, torpedoes and depth-charges at
considerable ranges at sea. This important work
was carried out by R. §. H. Boulding. After pre-
lintinary work at Parkeston Quay which showed
that the method seemed ptomising, even a small
charge at several miles range gave a clear-cul
“ break * on the Einthoven record. Boulding con-
tinued his experiments at the hydrophone station
at Culver, near Sandown, Isle of Wight. Here he
showed that an underwater explosion could be
localed very accuralely. A detonator could be te-
corded at a range of (wo or threc miles, 9 0zs.
of gun cotton at 9 or 10 miles, 2} Ibs. T.N.T. at 15
or 20 miles. It required much larger charges,
around 300 Ibs. T.N.T.. to obtain ranges of the
order 100 or 200 miles. At Culver, Boulding made
a careful determination of the velocity of sound in
the sea, viz. 1.510 melres/sec., an essential quantity
on which the whole system of sound-ranging in the
sea was based. This involved very accurate survey
by the Admiralty Hydrographic Department of
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the positions of the hydrophones and of the ex-
plosive charges. It appeared from these observa-
tions, extending over several months, that the
velocity of sound was sufficiently constant for
sound-ranging purposes. On theoretical grounds it
is. of course, obvious that the accuracy of location
of a distant explosion increases with the *pro-
jected * length of the hydrophone base lines, ie.,
Lthe apparent length as seen from the direction-line
of the explosion. In November. 1917, Boulding
transferred his activities from Culver to St
Margaret’s Bay (near Dover), the Admiralty hav-
ing decided to set up a service station there, and
three others, at Easton Broad (Southwold, near
Lowestoft), Flamborough and Peterhead. These
four siations. acting singly or combined. could keep
watch over a large area of the North Sea, more
particularly of the southern part off the Dutch
coast. The base line at St. Margaret’s Bay was
about 70,000 feet, lying approximately North and
South. The Einthoven records of five hydrophones
and time-markcer (seconds, tenths and hundredths)
could. by estimation, give the time-intervals be-
tween the arrival of an explosion pulse at the
various hydrophones with an accuracy of one
thousandth of a second. The photographic record
was made on a roll of bromide paper which, afier
exposure in the Einthoven camera. passed quickly
through concentrated developer and fixing baths
and was ready for inspection in one or two minutes.
To keep a constant 24-hour/day watch at first re-
guired a continuous pholographic record (about
one inch per second) using miles of bromide
paper ! Boulding devised a relay system whereby
an explosion pulse arriving at the nearest hydro-
phone caused a master switch to start up the re-
corder and switch it off again when the record
had been completed by the other hydrophones.
This resulted in an immense saving of material
and effort (previously involving careful inspection
of long lengths of useless record). The St. Mar-
garet’s Bay and Southwold stations wcre used to
fix the positions of minefields laid off the Belgian
coast with an accuracy within 100 yards at a dis-
stance of 20 to 30 miles of the English coast, and in
keeping watch on them aflerwards. They were
also used (o fix the position of monitors prepara-
torv to the bombardment and raid on Zeebrugge
(23rd March, 1918). T saw the acrial photographs
from end to end of the Zeebrugge-Ostende canal
covering a large wall in Captain Douglas’s™ office
in Dover, when Boulding and I were discussing
with him the use of sound-ranging in warfare and
in peacetime hydrographic surveying. [ remember
some vears later, [920-22, affer the war, working

“ Subsequently Admiral Douglas, Hydrographer ol the
Navy.

at the Sound Ranging Station at Clitfe Hut, St.
Margaret’s Bay. with Commander H. E. Browne,
R.N. We were then making a more accurate deter-
mination of the velocity of sound in the sea. We
were also developing the radio-acoustic method of
sound-ranging (not practicable in war-time) when
we discovered that one of the North Sea lightships
which marked a sandbank was about a mile off the
position indicated by Admiralty charts. The Hydro-
grapher was sceptical but we repeated our observa-
tions and the French Hydrographic Department
confirmed our results—the light-vessel had dragged
anchor in a storm and subsequent to the latest
survey by our own Hydrographic Department ! As
I have just indicated, sound-ranging work was con-
tinued at St. Margaret's Bay (and Southwold) for
experimental purposes for several years after the
war. I shall refer to this later.

Sound-ranging recording equipment at Easton  Broad,
Southwold, Suffolk, during First World War.

Although the greater part of the work at
Parkeston Quay was concerned directly with anti-
submarine problems. there were other interesting
developments which could hardly be regarded in
this way. Sound-ranging, to which reference has
just been made, was one of these. Another, known
as ‘ Leader Gear.” was designed to enable a ship
{o steer along a cable laid on the seabed. The cable
was supplicd with alternating current of audio-
frequency (about 500 ¢/s.) interrupted as a recogni-
tion signal. and the ship was provided with port
and starboard coils, about threc feet square with
their planes vertical and parallel to the centre-line
of the ship. Thesc coils were mounted on the ship’s
side plating abreast of the bridge. The coils were
connected via a 3-valve amplifier to headphones
and a ‘port’ and *starboard’ switch connected
o the coils as required. The signals received were
loudest when the direction of the ship was parallel
to the cable and with the coil vertically above it
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the ship being steered so ihat strong signals were
received at equal intensity on the two coils; if the
signals were unequal, then steer towards the coil
having the louder signals. In operation, the ship
would follow a slightly zig-zag course. Such a
leader cable was laid from Felixtowe for a dis-
tance of abour 40 miles seawards. and towards the
end of the war in November, 1918, arrangements
had been made to fit some of the ships of the
Harwich destroyer flotilla. This system was de-
veloped mainly by Captain Manson and H. R.
Rivers-Moore at Parkeston Quay. At this time
Colonel A. S. Eve was R.D.R., Professor W. H.
Bragg having gone to the Anti-Submarine Depart-
ment at the Admiralty. Another leader cable was
laid in the approach channel to Porlsmouth
Harbour.

Dr. C. V. Drysdale. who joined the Parkesion
Quay staff early in 1918, was inlerested in the
leader cable problem, but was not directly con-
cerned in the “audio™ system of Manson and
Rivers-Moore. He devised a controlled mine firing
svstem which combined both acoustic and electro-
magnetic devices, and which became known as the
“*A.C. Unit." In this system a large loop of cable
laid on the seabed surrounded a number of mines
which could be selectively detonaled or ‘locked’
by a hand-operated switch on shore. This switch
caused alternating current to flow through the
loop cable and to induce secondary A.C. in coils
wound on each mine sinker inside the loop. This
secondary current operated a sensitive tuned A.C.
relay in each mine. about 25 ampere turns in the
loop operating a mine 25 yards away. In addition
to the A.C. relay, there was in each mine an
acoustic device (my shunt-relay system, mentioned
above) which operated a second relay when the
noise of a ship near the mine was sufficiently in-
tense, In the combined acouslic-A.C. unit the ap-
proach of a submarine could be indicated to the
shore operator either by using the loop as an in-
dicator, in series with a reflecting galvanometer
(described above). or by independent observation
of the actuation of an acoustic relay. Closure of
the A.C. circuit through the loop surrounding the
minefield would then (a) fire the mine or mines in
which the acoustic unit was operating, or (b
*lock’ the mines in which it was not operating.
The locking device prevented the closing of the
acoustie relay if it was not being acluated by sound,
so that reverberations set up by the explosion of
the mine which fired could not cause the firing of
mines which had not been actuated acoustically
by the submarine. The frequency used in the A.C.
unit was 10 cycles per second, the attenuation in
sea-water at this frequency being very small within
the dimensions of the loop. Dr. Drysdale was
assisled in the development of the A.C. unit by

L. Hartshorn, R. 8. J. Spiisbury and A. C. Jolley.
When it was transferred to Stokes Bay for sea trials,
W. A. Day of Mining School, Portsmouth (later
Mine Design Department, and now A.U.W.E.) also
assisted. Mention of the names of Hartshorn and
Spilsbury reminds me of a commemorative epitaph
which they composed after months of hard work
on the A.C. unit at Parkeston Quay . . .

Here Archie Charles, thut sainied man,

Lingered for many a day

In peace he passed his mortal span

In pieces pussed away.

At this time I suggested an alternative system,
in which the * firing” and ‘ locking * was operated
by a direct current through a cable connecting all
the mines together. This D.C. system also dis-
pensed with the indicator loop, using preferably the
actuation of one of the acoustic relays as a signal
to close the main firing and locking switch. Neither
the A.C. unit nor the D.C. alternative were ever
used under service conditions—the war ended too
soon ! Dr. Drysdale’s work on the AC. unit did,
however, raise a number of imporiant problems
relating to the propagation of low-frequency elec-
tromagnetic waves in sea-water. about which
relatively little information was available at that
time. It also led him to propose an alternative to
the audio-frequency system of leader gear men-
tioned above. In this alternative, very low fre-
quency sub-audible alternating current was passed
through the leader-cable and the current induced
in the ship's port and starboard coils operated
‘red’ and °‘green’ lights—making use of the
sensitive A.C. relays which he had developed pre-
viously for the A.C. mine unit. As most of the
visual leader cable work was done afier the Parkes-
ton Quay days I shall refer to this later.

Towards the end of June, 1918, Dr. A. O. Ran-
kine and several other members of Parkeston Quay
staff were transferred to Dartmouth to form a
sub-station of A.E.S. Parkeston Quay. Dr. R. W.
Boyle, W. F. Rawlinson, J. Anderson and -
Brookes on Asdics; A. L. Hughes on towed hydro-
phones; W. Jevons and H. Gerrard on electrode
secarch gear: and R.N.V.R. Licutenants G. F.
Partridge, Lunt and Nightingale were others of
the scientific staff; and D. Bradbury, J. Elliott,
G. Stephenson and W, D. Vick were the mechanics
transferred from Parkeston Quay—not forgetting
Amy (Commander Littlehales), Heidra and Sub-
marine €.& I cannot write as much about the
work at Dartmouth as I could wish, as I remained
at Parkeston Quay and never actually visited
A.E.S. Dartmouth. I shall. however, be referring
later to Asdic developments which started at
Parkeston Quay and were continued at Dartmouth
after June, 1918—a little more than four months
before the Armistice. At Dartmouth H. Gerrard
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obtained some interesting records using a pair of
silver chloride electrodes widely spaced across the
channel. The records showed clearly the periodic
e.m.fs devcloped in the sea by tidal flow in the
earth’s magnetic field. The electrodes and tech-
niques used in making the records were those de-
veloped by E. B. Young at Parkesion Quay for
submarine detection. 1 believe R. W. Paul was a
frequent visitor (o0 Dartmouth where he continued
his experiments on magnelic mine units on the lines
of his preliminary work at Parkeston Quay. Dr.
Rankine and his family lived at the Royal Dart
Hotel, Kingswear, which was taken over by the
Admiralty for the laboratories and workshops of
the sub-station.

Another line of development at Parkeston Quay
which, however, did not reach * service condition’
by the end of the war, in November, 1918, was
that of silent propulsion of anti-submarine vessels.
The noise of * own-ship's * propellers was an ever-
present difficulty 1o ships using hydrophones in
locating enemy submarines. Various suggestions
had been made at Parkeston Quay during 1917-18
to reduce this noise, by using propeilers of special
types. bubble-screens, erc. Sir John Thornycroft
had suggested hydraulic or jet 1ype of propulsion,
and Major J. H. W. Gili, R E.. had independently
been led Lo the same conclusion as the best method
for the silent propulsion of ships. In 1918 Major
Gill, who was in charge of our engineering staff
at Parkeston Quay, carried out a series of experi-
ments 10 check theoretical points and to disprove
certain fallacies regarding this method of propul-
sion, He made laboratory experiments to check
the properties of various forms of nozzles
projecting a jet of water under water, and to make
measurements with a scale model of a large centri-
fugal pump. A further series of experiments was
made with a 20 ft. steel lifeboat, with different
types of pump impeller and designs of reversing
buckets, also with different areas of discharge
nozzle. Two trawlers, the George Ireland and Henry
Jennings, were allocated 1o be fitted with hydraulic
propulsion equipment. These were not ready for
tests, however, until the A.E.S. Parkeston Quay
was transferred to Shandon in 1919,

During the war much work was done on
the improvement and applications of radio-
telegraphy and telephony, e, on sub-marine
reception of W/T signals, T.R. signalling, and
remote-control by W/T. Most of this work was
being done at Signal School, Portsmouth, and we
were not directly concerned at Parkeston Quay.
Dr. W. H. Eccles, who was a member of the W/T
Committee of the B.LLR., ahd occasionally visited
Parkeston Quay, also played an important part in
radio investigations, his experimental work being
centred at Finsbury Technical College. In a recent
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conversation Dr. Eccles 1old me that Dr. R. W.
Boyle did much of his early Asdic work at Finsbury
Technical College before transferring to AES.
Parkeston Quay. Dr. Eccles was mainly respon-
sible for the design of the Rugby wireless station
and other similar stations around the globe. He
liked to tell the story about his world 1our 10
inspect somc¢ of these W/T stations after they
were completed. On the arrival of his ship a1 one
of them, in Samoa, he found the pier lined on
each side with local beauties to greet him. On
enquiry as 1o the reason for this unexpected
demonstration he was referred to the W/T signal
which had been received notifying his arrival:
* Professor Eccles, the wifeless expert, will arrive
tomorrow . . . ' -— a striking demonstration
showing how an error in a single letter of a radio-
signal might have serious consequences !

I have referred here and there at Aberdour,
and now at Parkeston Quay, to efforls that
were made to make metrical observations in
underwater sound. At Parkeston Quay I used a
calibrated crystal rectifier in the measurement of
small microphonic eurrents under a wide variety
of circumstances. ship noise. waler noise,
machinery noise. cavitation, etc. Towards the end
of 1917, and intermitiently afierwards, 1 made
Einthoven oseillograph records of the noisgs made
by ships and by undcrwater explosions in Stokes
Bay ncar Portsmouth and at the gateships, Har-
wich. | required, however, a much smaller and
more porlable oscillograph so that I could con-
veniently lake it on board any one of our ships
and make records of submarine propeller noises
outside the harbour. T worked on this with J. T.
Irwin, who joined our staff at Parkeston Quay in
1918. In the end we produced a simple, if not
perfect, oscillograph which we called an *opti-
phone.” It was made by converting a Brown reed-
telephone earpiece, employing a small optical
lever to magnify the motion of the tip of the
vibrating cantilever reed when microphonic
currenls are passed through the windings., We used
this optiphone to record the propeller noise of
our own submarines to oblain a wave form of the
sound. We had a great thrill when we went out on
M.L. 14 to make sound records of German sub-
marines handed over at the Armistice in
November. 1918. On several occasions (20th. 21st,
22nd and 27th November, 1918) we were oul at
the Cutler lightship near the ‘rendezvous’ 1o meet
87 German submarines. We made records using all
sorts of hydrophones (diaphragm types, rubber
‘chunks™) and I tried 1o record echoes from the
submarines by firing small No. 9 detonators a few
hundred vyards away and using a ‘chatlering
contact ' type of receiver. [ had previously
obtained echo-records of explosion pulses from our
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own ships near Parkeston Quayv by firing
detonators.

I have left to the last what has proved to be
the main achievement at A.E.S, Parkeston Quay
—ASDICS. For the sake of historical accuracy.
reference must first be made 10 a suggestion made
at the time of the Tiranic disaster, in April, 1912,
when this magnificent liner was sunk on its maiden
voyage by collision with an iceberg in fog, The
suggestion was made bv L. F. Richardson that a
beam of supersonic (‘ultrasonic’ now) wives
should be used as a means of detecting submerged
objecls such as icebergs or wrecks. by ‘echo’. No
method of doing this. however, had been achieved
before the war. The idea was revived by Paul
Langevin and M. Chilowski in March, 1915, when
they began experiments in Paris. In 1916 Langevin
succeeded in producing vibrations of 100 kc/sec.,
in waier, using mica as a dielectric subjected
to Maxwell electro-static stresses (near the
breakdown voltage) at this frequency. To reccive
the signals. he used a microphone with a tuned
‘L.C’ circuit. as in W/T, With this arrangement
and using a valve amplifier, he obtained a signal-
ling range of about 3 km. and an echo from a
large iron plate at 100 metres. This work. although
not in itself of great practical importance,
marked a definite advance. In August, 1916, the
B.LR. took a more serious interest in the ‘echo’
system of submarine detection, and Professor
R. W. Boyle {Canada} was put in charge of the
experiments. He came to A.E.S. Parkeston Quay
tn 1917 and was later assisted by W. F. Rawlinson
and }. Anderson. The mechanic mainly concerned
in making and maintaining his experimenial
equipment was George, one of the three brothers
Edgar, George and James Stephenson, mentioned
above. Of all methods tried by the French, our-
selves and later by the Americans. the most
successful proved to be that which utilised the
piezo-clectric properties of quartz (discovered by
Pierre and Jacques Curie in 1880). Although the
possibility of using quartz was seriously considered
in 1916, nothing of importance was done about it
as we had no knowledge then of high gain ampli-
fiers®® . Langevin was the first to try a plate of
quartz as a receiver. Used in conjunction with a
valve amplificr this pave very promising results.
At Parkeston Quay good progress was made when
French amplifiers became available. Tt is not my
purpose here to enter inio a discussion of piezo-
electric phenomena in quariz, tourmaline, Rochelle
salt and similar piezo-clectric materials. Suffice
it o say that in our state of knowledge in
1917 quarlz was rightly considered (o be the best

* I have previously referred to Sir Ernest Rutherford's
‘tentative ' experiments with quartz in 1915,
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available material. The problems of slicing it
from the natural crystal into the most efficient
piezo-electric slabs, the choice of thickness and
voltage limits to be applied in transmission, the
mounting of the quartz slices in mosaics 10 cover
a suitable area and so on, had all to be worked
out theoretically and experimentally. In the
autumn of 1918 J. Anderson (later Chief Scientist,
ASWE.), when stationed at Darimouth, was
supervising the cutting and testing of quartz
from large natural crystals at the Geological
Survey Museum, then in Jermyn Street, under
the guidance of Dr. H. H. Thomas (petrologist).
The actual cutting of guartz for Asdic supplies
was done by Farmer & Brindley, a firm of tomb-
stone makers in Lambeth (a firm accustomed to
cutting marble slabs!) The cut crystals were
cventually assembled into Asdic transducers by
Callender’s Cable Co., Erith. I remember the
earliest models were non-resonant at the
frequency contemplaied for use. The semi-angle
# of the primary beam, following standard
optical theory, is given by sin =122 A/D
where A is the wavelength of the sound and
D the diameter of the transmiller/recciver. The
greater the diameter relative to the wavelength
the narrower the beam and the greater the cnergy
concentration. At Parkeston Quay and at Dart-
mouth the whole process was one of our best-kept
secrets. [t was referred to in conversation and
correspondence by the code name ‘Asdics’'—
meaning ‘Anti-Submarine Division-ics’. The ‘ics’
at the end of the code word had the same signifi-
cance as in words such as physics, statics.
dynamics. kinetics, electronics, acrobatics, erc.
meaning ‘pertaining to’, the initial syllable(s) of
such words usually being abbreviations, No refer-
ence to quartz was permitted, the code name being
in this case ‘ASDIVITE'. the *A.S.D.’ referring to
anti-submarine division. as beforc. When ex-
perience had been gained with ‘outhoard” experi-
mental equipment. the ‘Asdic’ transmitter was
eventually mounted in a dome or in a streamline
case, let down through the bottom of the ship. In
this way it was always surrounded by suill
water at all speeds of the ship. A controlling
device was fitted by means of which the Asdic
could be turned through any horizonial angle
and also could be given a variable vertical tilt.
Range and bearing observalions on surfaee ships
gave good results. The sea trials of Asdic equip-
ment were carried out mainly from the barge on
the River Stour and from the drifter Hiedra,
wilh occasional trips to sea in ships of the Harwich
Flotitla, such as H.M.S. Melampus. On a surface
ship of 700 tons. slern-on, a range of 1,400 yards
was obtained with very accurate direction. With
a large submarine the maximum range ‘surfaced’
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would be about the same, rather than when
submerged. During the the last four months of
the war the Asdic section of Parkeston Quay was
transferred 1o the Dartmouth sub-station, as 1
explained earlier. At the end of the war Asdics
was coming into ils own. The experimental
period was just reaching the ship-fitting and
development slage when the war ended.

Paul Langevin and M. le Duc de Broglie visited
Parkeston Quay occasionally. 1 met Langevin at
the end of July. 1917, and again in 1918, when
he had a general look around the laboratories and
the work on loops al the gateships, but, of course,
was more particularly interested in Boyle’s work
on Asdics.

The research at A.E.S. Parkeston Quay virtually
ended on I11th November, 1918, the date of
the Armistice. 1 first heard that the war was
over when [ was boarding one of our ships to go
out 1o the gateships at Harwich. When the
captain told me of this startling news and said
[ should be wasting my time going on with ‘what
[ was going on with" 1 experienced a kind of
shock. but with in indescribable feeling of pleasure
that it was all over. The wonderful fireworks
and searchlight displays and the hooting of all
the ships at Parkeston Quay and Harwich all
through the night was an experience not likely
1o be forgotten.

Work at A.E.S. still continued. however, in a
somewhat semi-cnthusiastic way, completing half-
finished jobs and wondering ““ what nexL.”” I have
referred earlier to some sound recordings 1 made
as the surrendered German submarines approached
Harwich. They came in groups of 20 on each of
the days of 20th, 2lst and 22nd November, and
a later batch of 27 on the 27th November. They
were tied up to a specially laid system of moorings
up the River Stour a little further to the west of
Parkeston Quay. the German crews being tran-
shipped and returned to Germany. It was a very
interesting experience clambering over and inside
these submarines, inspecting their equipment, radio,
hvdrophones. torpedo tubes, mine-laving equip-
ment. efc. Somc were put into the floating dock
where we could see the under-side. T still have
three valves from one of the submarines. They have
iron fittings holding the glass bottle — Germany.
thanks to our atientions, being rather short of brass,
copper and tin in those days. I remember making
measurements, with Lieutenant Wells, of the
characteristic curves of a number of these valves
{Telefunken and others).

On the day of the Armistice, 11th November,
Colonel A. S. Eve, RD.R., cirdulated a notice to
all members of the staff, requiring, ‘ before 251h
November,” information on: (¢) Date of joining:
(b) An outline of work carried out by that member

’

of the staff; (¢) A list of reporis and patents; and
(d) Recommendations as to future developments’
... and concluded, in referring to the future * as the
policy of the Admiralty is not yet known!™ Al
Parkeston Quay we were all appointed on a tem-
porary basis and some of us, including myseif.
were wondering whether (o return to university
work, industrial research, or 10 “hang on” lo see
what prospects the Admirally could offer. F. B.
Young and B. S. Smith and I stayed on. A. O.
Rankine, F. L. Hopwood and Gerrard returned
to their university work. My diary stales that on
8th February, 1919, the experimental work at
A ES. Parkeston Quay came to an end. On [lth
February | left for a few days home-leave on my
way to the new AE.S. at Shandon, Dunburton-
shire. 1 had lunch with Sir Ernest Rutherford

Photograph taken at Toulon in May, 1918, showing centre,
Professar R. W_ Boyle with Professor P. Langevin on fiis
left.

at Manchester. At the University 1 met J. Chad-
wick (now Sir James) whom 1 had last seen in
Manchester in August, 1914, when he was just
leaving for Germany. He had just rerurned from
Germany, having been interncd at Ruhleben since
the cutbreak of the war. He looked verv thin and
underfed. and was unable to digest normal food,
particularly anything of a fatty nature. His ‘home’
for a long period in Germany had been in the
loft of a barn. Here, with occasional help from
Hans Geiger in the supply of very simple appara-
tus. he persevered in the measurement of the
atomic weight of one of the elements. 1 don’t
remember that he ever published the result of
this research, bul at least it served the purposc
of preserving his mental balance !

I mentioned carlier that towards the end of
1917 (or early 1918) Professor W. H. Bragg. who
was then R.DR. at Parkeston Quay. transferred
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1o the Admiralty, Lo become Scientific Adviser 1o
the Director of the Anti-Submarine Division, his
position as R.D.R, at Parkeston Quay being taken
by Professor A. 5. Eve. Other changes in the
B.LR. organisation were taking place, also. In
January, 1918, the position was as follows:

Board of Invention and Research
I. CENTRAL COMMITTELE
Admiral of the Fleet Lord Fisher (President).
Professor Sir J. 1. Thomson, OM.,
The Hon. Sir Charles A. Parsons.
Sir George T. Biclby.
Charles H. Merz (Direclor of Experiments and
Researcly).

1. DEPARTMENT OF THE DIRECIOR OF
EXPERIMENTS AND RESEARCH

Director: Charles H. Merz.
Deputy Director: Lt.-Col. W. McLellan.
Naval Assistant: Capt. Alan M. Yeals-Brown, R.N.

ITI. REPRESENTATIVES iIN THE TECHNICAL
DEPARTMENTS OF THE ADMIRALTY
(1) Ami-Submarine Division
Professor W. H. Bragg, P. V. Hunter.
(2) Deparmment of the Direcior of Torpedoes and
Mining
Mining Section: Professor J. C. McLennan,
FF. H. Clough.
Wircless Section: Professor W. H. Eccles,
F. E. Smith.

(3) Departmient of Erngineer-in-Chicf

Sir Dugald Clerk, A. E. L. Chorlton, and
others.

So far as the scientific work at Parkeston Quay
was concerned, these changes in the organisation
of the B.LLR. made very little impact. In additicn
10 the familiar faces. some of the new members
of the Board. Mr. Merz, Colonel McLellan, Mr.
Hunter, Mr, Clough, also came down occasionally
1o Parkeston Quayv. At the end of the war, n
November, 1918 Mr. C. H. Merz, D.ER., sub-
mitted a memorandum (o the First Lord of the
Admiralty, dealing with his proposals for a new
organisation of research and experiment in the
Navy, This involved the closing down of a num-
ber of wartime research establishments including
Parkeston Quay and Hawkeraig (still functioning
under Captain  Rvan), It recommended that
Shandon (then used bv the Lancashire and Clyde
Anti-Submarine Committees). which was well-
adapted as regards buildings and situation. should
be made into a permanent expcrimental station
for Naval research, 1t was also proposed to
establish a Central Research Institution for the
Navy—involving a new establishment and a new
building, the director to be a man of high scientific
attainments !

The net result of this was, as I have said, A.E.S.
Parkeston Quav closed down ai the beginning of
February, 1919, and many of its staff transferred
to Shandon, Gareloch (Clvde).

German submarines at Parkeston Quay, November, 1918.
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ADMIRALTY EXPERIMENTAL STATION, SHANDON
(GARELOCH) DUNBARTONSHIRE

The transfer of the Admiralty Experimental
Station from Parkeston Quay (Harwich) to Shan-
don (Gareloch). which nominally commenced early
in February, 1919, took place in fact during a
period of onc or two months, As | have said,
some of the scientific staff relurned to their pre-
war jobs in universities and elsewhere whilst
others decided to stay on in Admiralty research
work despite the obvious uncertainties regarding
its continuation. Professor W. H. Bragg had
already returned to his pre-war duties at Gower
Street {(London Universily) and Professor A. S.
Eve had decided to go temporarily to Shandon as
Resident Direetor of Research. Professor Bragg's
post as Scientific Adviser to the Admiralty was
taken up by Professor J. C. McLennan. Somewhat
vague promises were made by Professors Eve and
McLennan to the scientific staff regarding appoint-
ments and salaries, but it was not until nearly one
and a half vears had elapsed that, in July, 1920,
anvthing definite emerged. As may well be
imagined, the transfer of staff, ships, workshops and
scientific equipment was very disturbing, and this,
combined with the change-over from war o peace
conditions resulted in an unsetiled feeling at
Shandon which persisted for some time. Howevet,

AR

most of us succeeded cventually in settling down
1o steady work on a more or less long-term basis.
My last contact with Parkesion Quay was on 26th
February, 1919, und after a few days leave 1
arrived at Shandon on 7th March, 1919, There
| found Colonel (Professor) A. S. Eve already
installed as R.D.R., Major J. H. W. Gill as Super-
intending Engineer, and Dr. C. V. Drysdale as
Chicf Physicist. At the end of March, however,
Colonel Eve retired from Admiralty service and
left A.ES. Shandon. His post was temporarily
filled by Major Gill, who became Acting Director.

“Shandon Hvdropathic’ was a magnificent
stone-buill edifice on the eastern shore of the
beautiful Gareloch. palatial in comparison with
the somewhat primiiive wooden huts at Hawk-
eraig and Parkeston Quay. The buildings of the
Hydro were situated in extensive grounds stretch-
ing from Garelochside up the hill to the West
Highland Railway (Craigendoran to Arrochar).
Further up the hill was the private golf links of
the Hydro. and over the hill led to lovely Glen
Fruin, fanious for its trout stream of exceptionally
clear water. subsequently used in the Glen Fruin
Admiralty Water Entry Station. The Hydro, al
this time¢ changed to Admiralty Experimental

A.ES. Gareloch— Shandon Hydropathic'
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Station. Shandon, is on the road from Helcnsburgh
10 Garelochhead about two and a half miles from
Row (Rhu) and two miles from Garelochhead.
The establishment was well provided with facili-
ties for recreation—besides the golf eourse it had
hard tennis courts and two indoor swimming
pools, nol 10 mention vachting possibilities on
Gareloch and walking and rock climbing around
Arrochar. It might be assumed that all this was
not conducive 1o hard work. but the bracing
climate neutralised anv tendency 10 an easy life!
In the main building was a splendid dance hall
(with sprung floor), a large dining room, a lovely
drawing room (which appropriately became the
drawing oflice), and many bedrooms which housed
a large proportion of the unmarried members of
the staff. A large conservatory, divided inlo
cubicles, became for a time the research labora-
tories. and a high-roofed building of largé Moor-
space adjoining the main building was used as the
main  workshop. Housing accommodation  for
those who did not live in the Hydro was to be
found eventually in Helensburgh, Row and Gare-
lochhead, Shandon being a very small village with
linle or no spare accommodation. Brown's bus
plving between Helensburgh and Shandon was
chartered by A.E.S. (o carry staff to and from the
Hydro. It was a somewhat ramshackle affair 10
be careering at its top speed (not very high) on
the narrow and tortuous road along the lochside.

I remember on one occasion when its radiator,
minus cap. was boiling furiously, John Andcrson
remarking to the delectation of the Hydro
passengers; “What'll you have—a cup o’ lea or a
shave 77

I remarked earlier that Shandon was well
adapted as regards buildings and situation for use
as a Naval research station. Besides the capacious.
if somewhat imposing, buildings, il was near the
lochside, had 1wo privale piers giving casy access Lo
deep water. whilst Gareloch itself, about five nules
long (N-S) and three-quarters of a mile wide al
Shandon, was almost landlocked, enclosed on three
sides by hills, and connecting 1o the Clyde via a
narrow strait (200 or 300 yards across} between
Row and Rosencath peninsulars, There was. there-
fore, a probability of reasonably calm water for
experimental purposes throughout the year. An
occasionil  severe storm  was, however, not
unknown !

The scientific and enginecring staff remaining
at Shandon at the time of the transfer from Parkes-
ton Quay were Professor W. M. Thornlon,
Messrs. W. Rylev. F. Widdowson, F. O. Hunt.
A. Stubbs, H. Forman, K. Kemp. D. A. Keys.
and J. M. Ford. They had hitherto been controlled
by the Lancashire and Clvde Anti-Submarine
Commillees. Most of these. wilh the exceplion
perhaps of D. A. Keys and J. M. Ford, left Shan-
don within a few months after our arrival from

The Staff of Admiralty Siation, Shandon, 1919,

' arip po-

The Author is fifth from the right in the centre row.
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Parkeston Quav. In addition, there was a con-
siderable number of ground staff, mostly female.
who dealt with the housekeeping side (dining and
bedroom facilities, etc.) essential to the upkeep of
the Hyvdro: tracers, vpists, messengers, boatmen
and so on. The scientists and engineers transferred
from Parkeston Quay, in addition to those already
mentioned and mvself, were F. B. Young, B. S.
Smith, W. Jevons, W. F. Rawlinson, J. Anderson.
G. F. Partridge. J. H. Powell, W. M. Burgess, and
D. V. Hotchkiss. C. M. Hubbard and Mr. Staddon
were in charge of gencral stores, L. O. Cook
instrument stores, and in the workshop were
C. Menkens (manager), T. P. Rigby, J. Elliott,
V. Allerton. H. Midgeley, E. W. Dowsell,
L. Pogson. —. Kent, G. H. Jessop and others, As
an indication of the altractiveness of the voung
ladies employed in various capacitics at Shandon.
no less lhan five or six of them subsequently
married memhers of our scicntific staff ! | could
supply their names on request! We had also at
Shandon R.N. staff atiached to the A.E.S. Captain
G. L. Massev, R.N.. was the Scnior Naval Officer,
Commander Cusack., R.N. (Accountant, Pay-
master), Licut.-Commander Garratt, R.N. (Officer-
in-Charge. Ships), Lieutenant B, C. S, Martin‘®
(R.N.). Lieut.-Commander H. W. Faweell. R.N.®
(Captain of H.M.S. Auricula).

Our flcet of ships included H.M. Trawlers
George Irelund, Robert Barton, William Inwood,
Henry Jennings, Ebro 1[I, HM. Yacht Dotter, H.M.
Sloops Auricula, Teviot, Blackwater, M.L.s 478
and 498, and H.M. Drifter Hiedra. The last-named.
which had done good service from the early Aber-
dour days. was paid off and presumably returned
(o her fishery duties at Anstruther (Firth of Forth)
at the cnd of April, 1919.

When at Parkeston Quay I had become inter-
ested in underwater cxplosion expirements being
made bv H. W. Hilliar at Troon in Ayrshire.
Prior to the Troon experiments I had met Hilliar
at Norway House (the B.1.R. Headquarters) where
he was devcloping a mew mechanical method
of determining the maximum pressure and the
form of the pressure-time characteristic of an
underwater cxplosion. He was then calibrating
copper crusher gauges at Norway House, using a
compressed air gun (o accelerate steel pistons
which on impact crushed small annealed copper
cvlinders (} in. long and 4 in. dia. app.) against a

“ Became Admiral Martin in the Second World War,
Was Caplain of the cruiser Dorsefshire, which played
an important parl in the sinking of the German 45.000-
ton batlleship Bismarck, 26lh May, %41, in the Second
World War

“ Author of ‘The Fighting at Jutland'— descriptions of
the battle which disabled the German battle fleet in Lhe
First World War,

steel ‘anvil’. At that tme the copper crusher
gauge method was in use al Woolwich Arsenal to
measure pressures in gun barrels when firing a
shell, Hilliar used a series of steel pistons in his
gauges, of various masses and lengths of travel in
their steel eylinders. The outer ends of the pistons
were exposed to the pressure of the underwaler
explosion impulse, the momentum of the piston
being equal to the time-integral of the impulse.
The encray of the piston is measured from the
shortening of the copper cylinder. and by the aid
of the ealihration experiments the momentm of
the piston at the moment of impact was deduced.
This gives a measure of the time integral of the
pressure in the water. Using a serics of gauges with
different lengths of piston-travel, the velocities
and accelerations could be calculated, and a
pressurc-lime curve of the explosion impulse
determined. Hilliar's method gave a remarkably
close estimate of maximum pressure and the
pressure-time diagram of an underwater explosion.
His cxperiments were made with various sizes of
eharge (up to about 2.000 lbs. of T.N.T.), and
different explosives (T.N.T., Amatol, Ammonium
Perchlorate and gunpowder). The observations
showed that the maximum pressure was inversely
proportional to the cube root of the weight of the
charge. | have a copy of a letter which he sent
from Troon on 12th December, 1918, to Colonel
Eve'" ai Parkeston Quayv giving a summary of his
earlier experimental results. A final report of his
work. giving details of his method and results,
was printed in R.E.142/19. daied 14th June, 1919.
It is of some inlerest o note that at this date the
reporl, on its opening page. is addressed to **Pro-
fessor J. C. McLennan, O.B.E., F.R.S., Scientific
Adviser 10 the Admiralty: Sir, 1 have the honour
1o submit the accompanying reporl . . . 14th June,
1919.” A few days after my arrival at Shandon,
early in March. 1919, Dr. Drysdale and 1 visited
Hilliar at Troon to sce the explosion of a 1,600 1b.
Amatol charge. Hilliar was then not only measuring
maximum pressure and pressure-time  sequence,
but also damage to structures f{(using cmpty
spherical minc shells as targets) at various
distances from the charge. H.M. Drifter Mdlapert
was used in his experiments at Troon, the execu-
tive arrangements and the working party being
under the direction of Licut.-Commander D.
Errington, R.N. Hilliar was assisted in the design
of pressure gauges and in carrying out the experi-
ments by F. K. Lidstone.

At Parkeston Quay there was no ‘hard and
fasl* organisation of scientific stafl in relation to
research work. Staff were allocated almost from
day to day in accordance with the relative urgency
of the work in hand. This arrangement worked
all right under war eonditions. At Shandon, the
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war being ended. the statf were allocated 1o
groups, cach group being primarily concerned
with certain aspects of research related to Naval
problems, although considerable flexibility of the
group systeni allowed scientific staff to initiate
their own problems regardless of the ‘nominal’
group ‘title’. Monthly reports were issued "), each
group submitting its report to the Chief Physicist
(Dr. Drysdale) for editing. The first of these
reports, for the month ending 31st March, 1919,
indicates the nominal work of the groups A 1o K
and the scientific staff available 10 do it

A. Electrical Instruments and Mining. (Dr. C. V.
Drysdale, J. H. Powell, J. A. Craig. and E.
Stephenson).

B. Elecirode Search Gear. (F. B, Young and W.
Jevons).

C. Acoustics. (B. S. Smith, G. F. Partridge and
G. Burnside).

D. Asdics. (R. W. Boyle 4", W_F, Rawlinson and
J. Andcrson).

E. Explosions and Sound Ranging. (A. B, Wood.,
J. M. Ford, and F. W. Hill).

F. Loops. (Lt. F. K. Kemp, RN., T. A. Daniell,
and H. Forman.)

G. Laboratorics. (.. O. Cook.)

H. Silent Propulsion. (J. H. W. Gill, D. V. Hoich-
kiss, and M. W, Burgess.}

J. Unattached, (D. A. Kevs.)

K. Underwater Spark Signaliing. (Dr. W. M.
Thornton, F 0. Hunt. and A. Stubbs.)

Reference has been made to a visual system
of Leader Gear which Dr. Drysdale was planning
as an alternative to the aural system being
developed at Parkeston Quay by Captain Manson
and H. R. Rivers-Moore, At Shandon, Dr. Drysdale
made exlensive experiments on the visual system.
Cables were laid (the depth varying belween
10 10 20 fathoms) from Shandon to Garelochhead
and to Row, ecxtending o the full length
{about five miles) of the loch. These cables were
supplicd with low-frequency (10 c/s) alternating

™ A remark in this letter is of interest concerning Ruther-
ford's early interest in Asdics: “A long time ago you sent
me a request which was [orwarded to me here, for copics
of Rutherford’s original note proposing the piezo-electric
method for genecrating supersonics, | forwarded this 1o
Viclory House, with the B.LR, number of the paper in
question, and asked them to attend to the matler . . . the
docket in question was charged 1o the AS.D. Lo whom,
in consequence, vour request has been referred.” I have
no information in regard to further action—A.B.W,

i A BS Shandon Monthly Reporis—March, 1919, 10
15th January, 1921—Mosi of these are in existence at
N.8T.1.C. today.—Ed.

4 Visiting Shandon occasionally.

current with earth return from the distant ends
of the cables. H.M. Sloop Auricula and HM.T.
William Inwood were used in the (rials. They were
fited with coils (with their planes at right angles
approx.) running from mast to mast (forward and
aft of the ship) about 25 fi. above the lower deck
and extending halfway up 1o the W/T antennae.
Spreaders 20 fi. wide inclined the two coils at an
angle of aboul 45° to the vertical. Sensitive wned
A.C. rclays were designed by Dr. Drysdale agsisted
by J. H. Powell and J. A. Craig. operating on aboul
half a miltivolt. These when connected (o the coils
operated red and green lights indicating the position
of the ship relative to the cable on the sea bed. An
additional white light was introduced which was
operated at maximum sensitiveness of the A.C.
relay and was used to give the navigator of the ship
a relatively long-range indication of his approach
to the cable, When the white light appeared he
could switch to a somewhal less sensitive setting
(controlled by suitable resistances in the relay
circuitsy for operation of the port and starhoard
lights. It was found. however. that the ecorrect
relationship between depth of walter, current in the
cable and sensitiveness of the A.C. relays was some-
whal critical in order to oblain reliable port and
starboard indications. Otherwise it was likely that
*ambiguous ” indications would be obtained. As
early as March, 1919. such ambiguities had been
observed with currents of 10 amps in the cable in
depths of 5 fathoms, Experimental curves of field
distribution showed that the E.M. [leld became
horizontal at distances of 70 or 80 yards to one
side of the cable and that the limiting range for
reliable steering was only about half this distance.
Dr. Drysdale tried further experiments with coils
inside and outside the hull of Auricule in order
lo ascertain the effects of coils benecath the water
and of the screening etfect of the hull as in aural
leader gear. The observed ambiguitics of indication
which 1 have very briefly mentioned led him
to starl an ecxtended investigation of the field

HAM.T. William Inwood. Showing the coils from mast to
mast below the W[T antennae.
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distribution around an A.C. cablc on the sea-bed.
At first he tried to do this by using the coils on
Auricula sloped at different angles, but ultimately
he abandoned this approach and fitted up a barge,
the St. Adriun, which could traverse slowly and
investigate poini by point the vertical and
horizontal A.C. fields above the sea surface at
different measured distances from the cable. In
these experiments Dr. Drysdale was assisted by
L. Champney and S. J. Willis. These early experi-
ments showed unforeseen distortion of the EM.
field above the surface of the sea which could
account for the ambiguities observed in the opera-
tion of the visua! leader gear. The field distribution
experiments were, however, seriously interrupted
by a storm which wrecked the St Adrian on 3rd
December, 1920. In Lhe absence of a suitable
barge, sea experiments werc of neccessity dis-
continued and work was concentrated on devising
improved apparatus for exploration of weak E.M.
fields of low frequency such as might be antici-
pated in the sea experiments, Untuned instruments
were required 1o indicate E.M. fields at distances
extending oul 1o 300 yards or so from
the cable. Resistance capacity type valve amplifiers
proved useful in achieving this. Towards the
end of 1920 Dr. Drysdale also made tests of 1he
Portsmouth Leader Cahle a1 500 ¢/s which was
of the tvpe similar to that which had been
proposed for a leader cable between Dover and
Calais. As 2 result of these tests he prepared
detailed designs for this cable and the power
supplies necessary to operate it efficiently. Tt was
proposed also. if considered nccessary, to insert
auxiliary acoustic transmillers at inlervals along
the cable which would facilitate long-range * pick
up’ of the cable by ships requiring to use it. For
this purpose B. S. Smith’s * diaphragm sounders’
were being considered. This work on the Dover-
Calais Icader cable was urgently ‘in hand’ just
before we left Shandon for A.R.L., Teddington.
So far as [ am aware, however, the cable was never
laid. ©nhher activities in which Dr. Drysdale’s
group were concerned were a sensitive °open-
circuit*  vibrating contaet for application in
acoustic mines. J. H. Powell worked very patiently
on this for a long time. but its adjustment was too
critical for the device 10 have any * service * value.
Dr. Drysdale also designed a ° Chromoplometer’
for testing colour vision of service personnel; also
a gyro-compass damping device which used a
heater wire mounted in the liquid-filled compass
bowl near a line of thermo-junctions, a slight ilt
of 20 or 30 seconds of arc causing a relay 10
operate from the thermo e.myfs in 10 seconds of
time. With J, M. Ford’s assistance, Dr. Drysdale
also designed and had construeted a Continuous
Depth Indicating device using an E.M. impulse

transmitter and a sensitive single-contact receiver.
This equipment was only completed just before
we left Shandon in 1921 and was never used for
its designed purpose. The impulse transmitier
served as a very useful large inductance in experi-
ments | was doing later at A.R.L., Teddington.
on explosion pressure recording,

Work on the electrode search gear, developed
al Parkeston Quay for short-range submarine
deiection. was continued at Shandon by F. B,
Young and W. Jevons. The standard silver chloride
clecirodes used jn this equipment were initially
depolarised by passing a current through them
for a suitable period of time. This depolarising
charge is gradually lost by continued immersion
in the sea and has to be repeated periodically.
Young and Jevons investigated various ways of
prolonging the period of effective use and laid
down rules to be followed for this purpose. They
also developed a technique for using the electrode
search gear for delecting cable faults and applied
it in locating a fault in a transatlantic cable some
considerable distance out into the Atlantic from
Ballinskelligs Bay, S.W. Ireland. The method
requires the use of (audio frequency) alternating
current in the cable to be tested, the electrodes
being used to dctect the E.M. field around the
cable up to the pount of * break.” At Shandon the
screening cffect of armouring on the cable was
also studied. In another application the use of an
automatic firing mechamsm for anti-submarine
explosive paravanes was considered, but it was
decided that such an automatic device was un-
likely to be satisfactory. It was recommcended
that if electrodes were 10 be employed with such
paravanes they should be used for observation
only, the [iring being controlled by hand. Electrode
search gear was also used to locale sub-
merged wrecks which were generally a potent
source of electrolyvtic e.nv.fs. I mentioned previously
that widely spaced electrodes across the tlideway
at Dartmouth were used to record the flow
and ebb of the tides, the eam.f. varving sinusoidally
due 10 the clectrically conducting sea water flowing
in the Earth’s magnetic field. The results of these

Electrode search gear developed by F. B, Young.
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observations were subsequently published by F. B.
Young. W. Jevons and H. Gerrard.

During the Shandon period steady. if not spec-
tucular, progress was made in improving Asdie
Quarlz transmitters, both mechanically and elec-
trically, The work in this section was done by
W, F. Rawlinson and J. Anderson, with occasional
visits to Shandon of Dr. R, W. Boyle, who had
been in charge of the work at Parkeston Quay and
Dartmouth. Hiedra, Ebro Il and Auricula were
fined with experimental gear, but, as 1 stated
carlicr, Hiedra left Naval service at the end of
April, 1919, Ebro Il was fitted with a retractable
Asdic dome on the centre line of the keel. Two
10-inch diameter quartz transmitters operating at
43 ke/s. were made up for tests at Shandon. Later
expericnce showed that in spite of the advantage
of small size at higher frequencies it was preferable
to use lower frequencies for long-range echo
deteciion. By (his time an Asdic group under
A. E. H. Pugh and Lt. Nightingale was operating
from the Signal School in the R.N. Barracks. Ports-
mouth, with HM.S. P.59 as the experimental ship.
Rawlinson and Anderson left AE.S. Shandon on
transfer 10 H.M. Signal School in February. 1920,
to take charge of the Asdic group there. The Asdic
team was then controlled by W. F. Rawlinson
with J. Anderson as Chief Assistant. L. S. Alder
and E. A, Logan as Assistants, with Messrs.
Pugh. Trigle and Kent as enginecring designers.

The acoustics group at Shandon, consisting of
B. S. Smith and G. F. Panridge. later assisted by
E. V. Mackintosh (from Malta) were involved in
a nuniber of projects, some of which had been
taken over from the departing stafl of the Clyde
and Lancashire AS. Commitiees. One of these
Intter projects was a steam jet underwater sound
generator, frequencies ranging from audio to ultra-
sonic. This had been invented by Mr. Petrie of
the Collcge of Technology, Manchester. There
were two tvpes of this sieam jet apparatus, one
known as the ‘ disc” and the other the ‘rod ” type,

The Lancashire Fish towed hydrophone.
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the steam jet impinging from a short distance on
a central hole in the disc or the end of the rod.
the frequency of the principal note being of the
order 1.000 ¢fs. in the audio eqguipment. The
force of the collapsing steam bubbles was sufficient
0 cause piting of the disc. The deflection
of the jet from the centre of the hole changed the
note, and when playing on a flat surface without
a hole the sound intensity was considerably
reduced. It was claimed that ranges exceeding 10
miles had been obtained with the disc screen.
Several forms of towed hydrophone were also
lested, one, bearing some resemblance in shape to
a modern jet plane, being known as the * Lanca-
shire Fish,” which contained a binaural system of
hydrophones for determining the direction of a
source of sound. In conjunction with this. several
forms of ‘ compensator * — binaural and unidirec-
tional — were examined. Tests were also made of
a Malla pattern liquid-filled microphone. This
consisled essentially of a very short and small
diameter hole at the tip of a glass tube connecting
two containers filled with copper sulphate. Sound
vibrations caused microphonic changes of resistance
of the liquid in the small orifice. In addition (o
the testing of this and other novel forms of miero-
phone experiments were made to improve less
sensitive but less noisy and more reliable forms of
magnetophone. The latter, when used in con-
junction with a valve amplifier, was comparable
in sensitivity with unamplified carbon granule
microphones and had a much quieter * background.’
Some of these magnetophones, inboard type, were
fitted to Great Eastern Railway boats operating
between Harwich and Antwerp, their purpose
being mainly to listen to sub-marine bells mounted
on marker buoys and lightships. e.g.. West Hinder
and Sunk, to assist navigation in foggy weather.
I have referred to the diaphragm sounder which
was designed for use on the Dover-Calais leader
cable. This was operated by a laminated * hammer’
actuated by a solenoid, the anvil being a heavy
boss on the cenire of the 10 in. dia. diaphragm.
The main frequency of the complex sound emitted
by this sounder was approximately 500 ¢/s. Plans
were also being made by B. S. Smith and his
group towards the end of 1920 to use a smaller
version of such a diaphragm sounder, 5 in. in
diameter. as the sound transmitter in a system
for continuous echo depth sounding. Hydro-
vhones, already in supply. were 10 be used as
receivers and a commulator for transmitting
regular timed signals was designed. The principle of
depth measurement envisaged at that time was
similar to that which Fessenden had used formerly,
but subsequently at A.R.L., Teddington, this was
improved considerably,
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Another invesligation, begun by B. S. Smith at
Shandon and later continued at Teddington,
was an attempt to produce a high-frequency alter-
native 1o quariz for use in Asdics. Several designs
were considered: (1) a moving conductor (ype:
(2) a moving iron type: and (3) a diaphragm
sounder type. Of these (1), the moving conductor
tvpe, scemed to give most promisc. The moving
conductor consisted of a straight strip of
duralumin about 2 fi. long. free to vibrale between
the poles of a powerful clectro-magnet. The con-
ductor was supported on a number of legs. the
longitudinal streiching of these legs combined with
the mass of the strip (vibrating ‘cdgewise’), being
arranged to give a natural frequency of vibration
of the conductor of 10 ke/s. The extremity of each
leg was in one piece with a block of duralumin
screwed lo the underside of the central pole of
the magnet. A large alternating current at 10
ke/s. would therefore cause the dural strip lo
resonale and emit sound into the water from its
upper free edge (about 01 in. wide). A thin sheet
of rubber served 1o make the system watertight.
whilst permitting sound o be transmitted from
the vibrating cdge of the strip to the water. This
H.F. transmitter was nearly completed when we
left Shandon for Tcddinglon early in 1921. B. S.
Smith afterwards modified the design, using a
circular or *ring * transmitler instead of the long
strip” type. The circular ring was a resonant
duralumin structure of improved design, vibrating
in a powerful annular magnetic lield. large H.F.
aliernating currents being induced in it by a
similar principle to that used in the audio
frequency Fessenden * oscillator.” Consideration
was also given to the design of a high-frequency
sounder using the longitudinal vibrations of a steel
rod. suitably supported, and excited by a hammer
blow at one end.

Eight months after our arrival ai Shandon,
Major J. H. W. Gill. acting director since 3list
March, 1919, retired in December, 1919, In his
work on hvdraulic propulsion to produce a rela-
tively silent ship for submarine hunting, he was
assisted by M. W. Burgess and D. V. Hotchkiss.
By June. 1919, sanction had been obtained for a
crew for H.M. Trawler Henry Jennings to be
allocated, but otherwise there was not much
progress to report. H.M. Trawler George Ireland,
on the other hand. had been fitted with jet
propulsion equipment and in a dock trial at South-
ampton had registered a pull of over 4 tons al the
designed revolutions, which was regarded as casily
sufficient for the requirements. The vessel attained
a cruising speed of 8 knots over the Stokes Bay
(Portsmouth) mcasured mile with a maximum
speed of 94 knots. From observations made on
these trials the ship was comparatively silent, but
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further tests were lo be made at Shandon. It was
reported that the ship * handled " verv well and the
reversing gear made manoeuvring a simple matter.
After these trials the ship was sent to Wivenhoe
for completion. My own impression of the ship
after she arrived at Shandon was that she was
considerably quieter than a propeller-driven trawler
at the same speed, but that her engines and gearing
were abnormally bulky for a ship of that
size, (he engines occupying the equivalent of both
engine room and cargo space of a conventional
trawler. Of course. in view of the purpose for
which it was designed, viz. anti-submarine work.
this feature was perhaps not very important.

Compensator for hinaural direction finding.

Experiments at Shandon were also made with
a 60 f1. steel launch which was fitted with Kilchen's
palent reversing rtudders 1o enable the boat
to be cquipped for comparative tests at the same
h.p. and r.p.m. using either a screw propeller or
hydraulic propulsion. A model hydraulically-
propelled boat was designed by D. V. Hotchkiss
and was completed in July, 1919. It was a scale
model of a 220 ft. twin-serew minesweeper — the
model being battery-driven. Preliminary = tests
showed that the model * was able to travel ahead

or aslern, to steer without the use of a rudder,

.. and 10 turn about an axis without apprcciable
headway or sternway.” | believe that small jet-
propelled boats were found later (o be very suitable
for navigating in shallow wcedy water in the
Fen District and in the Norfolk Broads area, I am
not aware whether or not jet-propelled ships were
used for anti-submarine or minesweeping purposes
during the 1939-45 war.

Professor W. M. Thornion from1 Newcastle-
upon-Tyne was experimenting with a method of
underwater signalling when we arrived at Shandon
in carly 1919. In this method he used A.C. high
vollage 1o produce intense sparks which could be
heard of 1 hydrophone al a range of five miles, i.e.
the full length of Gareloch. He somelimes used
multiple spark heads, absorbing about 1 kW. per
spark, which it was stated could be heard in air

Magneto machines ar the South Foreland Lighthouse,
St. Margaret’'s Bay

at a distance of 14 1o 2 miles. Professor Thornton
was assisted in Lhese experiments by F. O. Hunt
and A. Stubbs. He occasionally visited Shandon
after his return to academic work at Newcastle.
.. Champney, who came later to Shandon to
work with Dr. Drysdale, and afterwards moved
with us to Teddington, was [ believe one of
Professor Thornions students at King's College,
Neweastle-upon-Tyne.

My own work at Shandon was concerned with
underwatcr  sound ranging and explosions, 1
suppose | inheriled this from Parkeston Quay
days when perhaps I showed an *abnormal’
interest in Boulding’s sound-ranging work at
Culver, T.o.W., and St. Margaret’s Bay (near
Dover), and when I became involved in the
design of acoustic non-contact mines at Mining
School. Portsmouth. Be that as it may. when
I reached Shandon in March, 1919, | began to
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work on an aliernative sound-ranging scheme to
the one in service use at Dover during the war.
The standard method used a line of 4 or 5 hydro-
phones, carbon granule microphones mounted on
walertight metal diaphragms on tripods resting
on the seabed. the recording being made on an
automatic  6-stringed Einthoven photographic
recorder. In the svstem 1 was proposing the carbon
granular microphone was to be replaced by a
single microphonic contact which, although quitc
unsuilable for the faithful recording of under-
waler sounds, was very sensilive for recording the
arrival of a sudden shock such as thc pressure
pulse produced by a distant explosion under
waler. Such sensitive contacts, mounted on a
stainless steel diaphragm and generally referred
o as “chattering contacts’, could handle currcnts
considerably greater than those generated in the
secondary circuits of microphone transformers.
Consequcnlly they were suitable for the operation
of much more robust recorders than the Einthoven
string galvanometer. [ had made some preliminary
experiments at Parkeston Quay with a smoked
drum recorder running at a constant speed. driven
bv a phonic motor (Ravleigh type) controlled by
a low-frequency tuning fork. An electromagnelic-
ally-operated moving iron reed carrying a recording
stylus, was actuated by the current passing
through the ‘chattering contacl’. in this case a
spring controlled balanced wheel mounted to make
contact on a boss at the centre of the receiver
diaphragm. At Shandon J. M. Ford worked with
me on this system of sound ranging. We succecded
in designing and constructing much more powerful
iron-clad phonic motors ¢'# 1o replace the relatively
feeble phonic wheel. We also improved the design
and reliability of the low-frequency tuning fork
which controlled the motor. After a certain
amount of experimenting we abandoned the
smoked drum chronograph for recording the time
intervals and designed what we described as a
phonic chronometer. This may briefly be con-
sidered as a stop-waiwch (or rather stop-clock)
operated electromagnetically and fitted with three
sets of dials for measuring three independent time
intervals, The speed of the chronometer is governed
by a tuning fork and phonic motor giving an
accuracy of I in 10.000. Time intervals are in-
dicated directly on the dials 10 0001 sec. The
chautering contact explosion pulse receivers were
designed 10 ‘hold off' afier the first break. this
being necessary for use with the chronomcter.
Using threc shock receivers. A, B. and C, the
arrival of the shock wave at the nearcst one. say

"9 Qee f. Sci. Instruments, 1 (1924) 160-173, and ‘A Text-
book of Sound’, A. B, Wood. G, Bell & Son Lid.
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A starts two of the dials AB, AC, the arrivai next
at, say, C, stops AC and starts CB, and the arnval
at B siops dials AB and CB. The three time
intervals measured in this way are sufficient 10
give the position of the explosion source relative
to the three hydrophones. Single dial phonic
chronometers of this type have had many other
applications for the dirccl and accurate measure-
ment of time intervals, For example they have
been used for many vears for the calibration of
shell fuses. At Shandon the three-dial chronomeler
was teslted by repeated sound-ranging trials
in Gareloch and was used 10 measure the velocity
of sound {(small amplitude explosion waves) over
an aceurately surveyed base line at different times
of the year, the velocity varying with the tempera-
turc of the water. Comparisons of these velocily

First ironclad phonic motor developed by the Author and
1. M. Ford.

measurements in Garcloch were made with those
made by Cdr. H. E. Browne, R.N., at St. Mar-
garet’s Bay, Dover, in the course of which the
salinity coeflicient of velocity was estimated—the
salinity at St. Margaret’s Bay being 35%/,, and in
Gareloch 28%/,,. The low salimity of the seawaler
in Gareloch is explained by the fact that the loch
is almost landlocked and is fed by numerous fresh-
water streams from the surrounding hills. Whilst
this work was in progress at Shandon we had
occasional visits by Cdr. H. E. Browne, R.N.
(from St. Margaret’s Bay S.R. Siation). In Seplem-
ber, 1920, a conference was held in DSR’s
office at which D.S.R. (F. E. Smith), C. S. Wrighl,
Cdrs. Trischler and Browne, and myself, were
present 1o discuss Lthe questions of accurate sound
velocily measurements and radio acoustic sound
ranging at St. Margarel’s Bay. The following day
we all visited St. Margaret’s Bay to survey the
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The first single dial phonic chronometer 1919,

‘scene of operations’. This work was eventually
carricd out after A.E.S., Shandon, transferred to
ARL., Teddington. Further reference will be
made (0 an accurale determination at St. Margaret’s
Bay of the velocitv of sound in the sea under
different conditions of temperature. The three-dial
phonic chronomeeter tested at Shandon was made
by L. O. Cook™,

In continuation of the work [ was doing at
Parkeston Quay, further improvements were made
in vibration integrators for use in acoustic non-
contact mines and A.C. relays. The latter. untuned,
would operate reliably on 5 x 10°° watt in the audio
frequency range. Experiments were also made with
quartz strip and biplate electrostatic oscillographs.

An interesting device deseribed as an ‘induction
micrometer’ was designed by J. M. Ford. This
was an electromagnetic method of measuring
small displacemients, In principle it consisted of a
pair of laminated iron-core lransformers having
a common laminated iron armalure with 45°

Induction miicrometer by 1. M. Ford.
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sloping faces forming two equal air gaps with the
main cores. The transformer primaries were con-
nected in series and supplied with a small inter-
mittent or A.C. current, the sccondaries being
connected in opposition through a suilable measur-
ing instrument. When the two air gaps are
equal the secondary e.m.fs just neutralise each
other. Displacement of the armature to one side
or the other upsets the balance of e.m.fs and the
meler gives a measure of the displacement. In its
application the transformers were rigidly fixed in
a reference position whilst the armature was
attached 10 the moving element., Intermiltent
D.C. was supplied to the two primary circuits
using a motor-driven commutalor with two con-
tact rings, one ring serving to make and break

using the copper crusher gauge lechnique very
successfully 10 obtain a point-by-point pressure-
time characteristic of an underwater explosion.
Although these experiments represented  an
important advance in the studv of explosion
phenomena they were in a number of ways in-
complete. An elegant solution of the problem of
recording explosion pressures was suggesled by Sir
J. J. Thomson‘**', In the method proposed the
pressure is applied to a layer of piezo-clectric
crystals, quariz or tourmaline were suggested, and
generates a proportional electric charge. The charge
is to be recorded instantaneously by means of a
cathode ray oscillograph, the record giving the
pressure-time sequence of the explosion. This
method. which eliminates lags due to inertia and

Cathode ray oscillograph and apparatus ar Shandon 1919 - 20

the primary eurrent whilst the other ring served
to cut oui the galvanometer at ‘make’ only. The
device was very sensitive, displacements of the
order 10-* in. being easily detectable. The design
was supplied to Admiralty Engincering Labora-
tory to test as a torsion meter for engine shafis
and was evenwaliv used in measuring the torque
and consequently the power lransmilted by pro-
peller shafts in ships.

I have referred above to the explosion pressure
research at Troon in which H. W. Hilliar was

" Further instruments were made by the Cambridge &
Paul Instrument Company to a design prepared by
J. M. Ford, and single dial instruments of a much
simplified design were made later by H. Tinsley & Co.

MY See Enginecring, 107 (1919) 543,

51

gives a continuous record, was being developed at
Shandon by D. A. Keys when we arrived from
Parkeston Quay in Mareh, 1919, Using J. L.
Thomson's original e/m cathode ray apparatus
(which should have been preserved as a ‘museum
piece’) and pressure gauges of quarilz and tourma-
line. Kevs had made records of explosions of
2% Ib. guncotton charges. In making these records
his oscillograph was mounted in a hut on shore,
the charges and piezo-clectnic  gauge being
suspended, at approprizte depths and distances
apart. from a nearby raft. An overhead line carried
the electric charge from the pgauge to the
oscillograph in the hut. The cathode ray tube
was evacuated by a hand-operaled backing pump
and a Gaede molor-driven mercury pump. To
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reduce the lime interval between switching on the
cathode rays and the detonation of the charge a
double swilch was used. The time base for the
recordings being A.C. at 70 ¢/s.. the cathode ray
spot was, of necessily, on the photographic plate
for an appreciable time before and after firing
the charge. This generally resulted in serious
fogging of the plate obscuring a considerable part
of the record. In addition to this. most of the
time of exposure of the cathode ray spot was
spent at the wrning points of the A.C. base line.
Consequently Lhere was o strong probahility that
a parl of the explosion pulse would appear at that
part of the base line where the v velocity of the
spot was zero. This in fact is what often occurred.
In his records Kevs often recorded large negative
pressures which he ascribed to surface reflccidon
with reversed phase. 1 shall refer to this later.
His results can be scen in Shandon monthly
reporls between April and September. 1919. and
were published later®®, The work was, of course.
in its carly teething stages and considerable diflicul-
lies were encountered in oblaining good recording
spols, whilst vacuum_lcaks, clectrical leaks, efc.,
were not infrequent. Prior to his leaving Shandon.
[ was asked lo lake over and continue the work
Kevs was doing on recording underwater explo-
sions. On 2nd September we went from Shandon
to Trcon in HM.T. Robert Barton with the in-
lention of recording the explosion of a number of
100 1h. Amatol (animonium nitrate and TNT))
charges. the arrangements heing directed by Lti-Cdr.
Errington, R.N., who had worked with Hilliar at
Troon, Unfortunaltely the apparatus which had been
used in the hut at Shandon proved in many ways
to be unsuitable on board ship, and two days later
we had to rcturn 10 Shandon 1o effect necessary
repairs. We returned again to Troon about a
fortnight later with even more disastrous results.
Failure of the vacuum apparatus, cracking of
improvised waxed joints and occasionally of
glass tubes due Lo vibration when the ship’s engines
were running made it again necessary to abandon
the enterprise and return to A.E.S. Shandon.
Soon after this, in Septemher, 1919, Keys left
Shandon for the US.A. and I became responsible
for further work, in additon to the normat work of
Group E. From what Keys had already done it was
clear that the method was workable in principle
but a complete re-design of oscillograph and
vacuum arrangement werc necessary, the A.C, time
base was obviously unsuitable, and the large
negative pressurcs (tensions) in the water were of
doubtful reliability. In his carlier experiments Keys
had used quartz crystals and had failed to record
an electrical charge even whex} shortening the range

w phif, Mag., 42 (1921) 473,
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5 inch diameter tourmaline explosion
pressure gauge  for use with the
C.R.O. 19]9

to the point of pulverising the crysials. Apparently
it was not then realised that quartz was quite
unsuitable for use with hvdrostatic pressure, as the
charge developed by pressure on the faces of the
quartz crystal was neutralised by an exaclly equal
and opposite charge developed by pressure on the
edges. In the case of tourmaline, on the other hand,
the * face > and * edge ” effects are both of the same
sign and hydrostatic pressure produces the maxi-
mum effect. Eventually Keys used small irregular
tourmaline plates of the order 1 in. linear dimension
and 3/16 in. thick. only sufficient Lo cover a small
area of gauge surface. As a consequence of these
earlier difficulties the whole system of recording
explosion pressures by the piczo-electro cathode-
ray method was re-designed. A more robust and
reliable cathode-ray oscillograph, new piezo-electric
gauges and pressure calibration apparatus were
designed and a linear time base was substituted for
the A.C. time base. This involved a considerable
amount of work, commenced in Ociober, 1919, and
continuing (unfinished) at the time of our leaving
Shandon in January, 1921, The new CR.O. was
designed to reduce the amount of glassware 1o a
minimum—a robust glass bulb for the discharge
tube and a plate glass window for observation of
the fuorcscent screen. As in J. J. Thomson’s
apparatus Lhe cathode rays were arranged to fall
directly on to the photographie plate when making
a record. and in the new C.R.O. the door of the
camera formed also the fluorescent screen which
was removed when making an exposure. At first
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the camera was designed to use a roll film with an
electromagnelic arrangement to wind it. This was
a failure, however, due lo dessication and conse-
quent cracking of the film in the vacuum, as well
as the considerable increasc of pumping time
required lo dry out the film. Paget * half-tone
plates and later Schumann plates were eventually
used, quarter-plates (4} > 3% ins.) being cul into
four pieces 24 X 1§ ins. in size. The filaments used
in the C.R. tube were either tungsten or lime-coaled
platinum wire surrounded by a small cylindrical
sheath which served to converge the cathode
stream on 10 the pinhole anode. Vacuum-lype
greased conical plugs fitted in the side of the CR.O.
were used (1) to open and shut the door of the
camera when making a record and (2) (o rolate the
hexagonal block carrying the photographic plates.
this enabled the operator to make six records with-
out the necessity of opening up the C.R.O. and
admitting air. A circuil containing a_large induc-
tance was provided to obtain a single linear traverse
of the cathode-ray spot when making a record. This
was found to be a great improvement on the A.C.
time base method. and nice * clean’ records were
made of A.C. wave forms and later of explosion
pressure-time impulses. For the latter purpose it
becamie necessary to invent a pressure-switch
operated by the explosion pulse in the waler at a
definite instant (about 0-001 sec.==5 ft. distance in
water). The p/t record, lasting one or two milli-
seconds only. falling on the middle of the photo-
graphic plate. the total time of the spot crossing
the plate being of the order of about three milli-
seconds. This method eliminates the uncertainty of
time delays in firing the dctonator. A fresh supply
of black tourmaline was obtained for the construc-
tion of explosion pressure gauges. The first of these
were 5 in, efiective diameier with a tourmaline layer
embedded in vaseline on each side of an aluminjum
disc. Trouble was at first experienced with the new
supply of tourmaline as the cut slabs (about 1 cm.
thick) contained veins of electrically conducling
material, mainly iron oxide, and it was demon-
strated theoretically and in the laboratory that the
electrical leaks thus provided could result in
pressure-time records apparently showing consider-
able negative pressures following the applied posi-
live pressure pulse. Chemical treatment. e.g.. boiling
in aqua regia, removed the iron oxide with satis-
factory results. A high pressure calibration ap-
paratus was constructed which permiited test of
piezo-electric gauges up to approximately 1 ft. in
diameter. A self-scaling pressure joint was designed
for the steel cover plate (1 in. thick) and a thin
copper diaphragm about 1} in. diameter, sheared

% See papers by A. B. Wood: Phys. Soc. Proc., 35 (1923)
109: Journal 1.E.E. (1925} 1045 and A.RL. Repors,
$/12. 1924 (A. B. Wood and E. H. Lakey).
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by a hand-operated circular cutter, provided a
sudden release of the hydrostatic pressure (up to 4
ton per sq. in.) applied to the piezo-electric gauge.
This method of pressure calibration of gauges
proved very uscful and reliable, giving not only the
maximum pressure on bursting the copper dia-
phragm but also an indication of the rate of leak of
charge from the gauge. a quantity which must be
negligible over a time of 5 or 10 milli-seconds when
making explosion records. An A.C. time base was
used at first in calibrations but this was replaced by
a linear (repeated) traverse with ‘ fiyvback * by
means of a rotaling polentiometer.

It should be noted that in making explosion
records by the method 1 have described above no
amplification of the piezo-electrical counterpart of
the pressure impulse was then possible for fear of
introducing distortion. The electrical charge
developed on the piezo-clectric gauge in the water
a short distance from the explosive charge was
conveved to the C.R.O. either via an overhead
line or a low-capacily cable in the water. 1L was
essential o keep this capacity C as low as possible
and o use a sensitive low-voltage oscillograph to
record the piezo-electric charge Q so hat the
deflection voltage V (equal to Q/C) is as large as
possible. The oscillographs used in these explosion
experiments were the first low-voltage hol cathode
oscillographs capable of recording high-speed
phenomena, impulses and H.F. alternating current
waveforms, in a single traverse*™. The apparatus
and technigues which 1 have briefly described above
were subsequenly improved and applied al
Mining School {Mine Design Department), H.M.S.
Vernon, Portsmouth, and at Teddington. I shall
have (o refer to further developments when T write
later about the early days of the Admiraly
Rescarch Laboratory at Teddington.

I have referred above lo the morec imporiant
items of research which were in progress at AES.,
Shandon., between February/March, 1919, to
January, 1921. There were others, e.g., loop
investigations and analysis of ships’ signatures 10
derive their magnetic constants, this work being
done by Lt. Kemp and Mr. Forman. I have said
very liltle about personalities, visitors and social
acljvities. In May, 1920, there was an oulbreak of
smallpox in Glasgow and many of the staff,
particularly those likely to visit or to cross Glas-
gow on their way south to meetings in London, had
to be vaccinated by a Naval doctor at Shandon. An
interesting event was the planting of a com-
memorative tree in the grounds by Captain
Massey, R.N., some time during 1920, with a few
coins sprinkled amidst the roots. 1 wonder if it
still stands—1I was told that the Hydro has since
been demolished. We were described in the local
Press as Admiralty * limpets > desecrating the loch-
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side with our activities in Gareloch and around the
Hvdro! We all regarded this as a libel. What the
reporters thought of the relatively recent desecra-
tions. long afler our departure, can only be
imagined ! In the two summers during which we
occupied the Hydro we gave parties in the grounds
for the local children of Shandon and Gareloch-
head. These parties were very popular. We had
occasional visitors, the First Lord of the Admiralty,
and later, Admiral Commanding the West Coast
of Scotland (20th September, 1919). J. C.
McLennan, then Scientitic Adviser to the Admiralty
came on llth April, 1919; I think that was the
last time I saw him. F. E. Smith visited us on 23rd
Oclober, 1919—he had then succeeded Mcl.ennan
to the title of Scientific Adviser to the Admiralty.

CRFTER POH
SET W, EEL, ag‘r

Ch it

on 4th April, 1919, 1 heard that Sir Ernest Ru!.her-
ford had been elected to the Cavendish Chair of
Physics at Cambridge. I had lunch with him at
Manchester on 30th June, a few days before he
left Manchester University to succeed ‘J.J, at
Cambridge. He always retained an interest in the
progress of Naval research. )
Major J. H. W. Gill, who had been Acting
Director at Shandon from st April, 1919, retired,
as I have already stated, in December,_ 19}9,
leaving Dr, C. V. Drysdale in charge as Scientific
Director. There was a sale of the Hydro furniture
on 22nd-23rd January, 1920. I still have a sale
catalogue listing the items and the various rooms
in which they were to be found, but I cannot
clearly remember this sale although I was at the

TANDEM
C c THRECTIONAL PD
AT bt HYDRQPHONE MK 11

Miscellancous hydrophones circa 1919

He came again in February, 1920, _accon1pqnled by
Major C. S. Wright. This was my first meeting with
C. S. Wright. An interesting visitor on 26th July,
1919. was Sir Henry Jackson. who did so much
in the early days of Marconi's experiments, 10
arouse Naval interest in *wireless tel_egraphy.’
Other visitors I have recorded in my diary were
Captain C. P. Ryan, R.N. (of Hawkcraig, Aber-
dour), theh at Mining School, Porismouth; (_Zdr. H.
E. Browne, R.N., of the Sound Ranging Station, St.
Margaret’s Bay. Dover, who visited us on several
occasions in 1920; Dr. G. W. Walker (Chief
Scientist) and F. Pickford, both of Mining Schoql,
Portsmouth, in February, 1920. In March or April,
1919, Professor W. H. Bragg (formerly R.D.R.
Hawkeraig and Parkeston Quay) was knighted, and

Hydro at the time. In forwarding the final
“monthly " report, lst December, 1920, to 15th
January, 1921, to D.S.R."™ Cockspur Street, S.W.1,
Captain G. L. Massey, R.N., Senior Naval Officer,
remarks: * Rescarch work stopped on 15th January,
1921, and time is now being devoted to gettng
away machinery and stores, and to all the work
incidental 1o closing down an establishment of this
nature . . . . During the last 12 months . . . . 1t
has been rather a period of anxiety and uncertainty.
During the first portion of the time the place was
in a state of gelting apparatus and general fac;lhtles
completed, and when this had been done it has

“ Npte F. E. Smith's change of title from Scientific
Adviser, Admirally, o Dircctor of Scientific Research,
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been a question of taking it all (o pieces again, so
that conditions have not been too favourable for a
smooth ouiput. However, in spite of these dis-
advanlages it is understood that a good deal of
valuable research work has been accomplished. It is
a pity that the new station at Teddington is not
further advanced. as it makes the turnover more
difficult, but it is hoped that when settled down the
work may continue efficiently and without feeling
the loss of Shandon . . . a final report will be sent
on the closing of the station and as to the date and
condition of turning over to the Disposal Board.—
Signed G.L.M. 3/2/21 It was considered that it
would take Lo the end of March to get things clear.
After reviewing the work of the scientific staff
during the month, Dr. Drysdale suggested
provisional arrangements for the disposal of the
staff until the Admiralty Rescarch Laboratory at
Teddington was ready for occupation, viz., Dr.
Drysdale and F. B. Young at the Admiralty Lo
deal with reports and reorganisation; A. B. Wood
to Mining School, Porlsmouth, for explosion
pressure research and sound-ranging: J. M. Ford to
supervise construction of phonic chronometers,
elc., by Cambridge & Paul Instrument Co.; Messrs.
B. 5. Smith. G. F. Partridge and E. V., Mackintosh
to continue work as facilitics permit on high-
frequency sound-transmitiers; J. H. Powell to be
attached to Mining School, Portsmouth, for tnals
on dip and sag of buovant mines; J. A, Craig to
finish preparations for visual leader gear trials at

Portsmouth; S. J. Willis and L. Champney to
remain at Shandon to continue experiments on E.M,
field distribution around A.C. cables. W. Jevons
was allocated to H.M.S. Vernon but he lefl
Admiralty service soon afler the Shandon closure
1o lake up his spectroscopic researches again at
Imperial College with Professor Fowler, We were
therefore temporarily scattered after January, 1921,
until A.R.L. buildings, near N.P.L. Teddinglon,
were ready lo receive us. On Ist February, 1921, 1
remember visiling N.P.L., where 1 first met Inst.
Commander T. Y. Baker, R.N., R. W. Cheshire
and Colonel Benson. They were then working for
the Admiralty in the N.P.L, Optics Department
and awaiting the completion of A.R.L. buildings
before moving in. Afler returning to Shandon to
make final arrangements for my temporary remove
to Portsmouth, I ieft for an official visit to the
Cambridge Scientific Instrument Co. There | met
Sir Horace Darwin and discussed with Mr, R.
Whipple and Mr. Collins the arrangemems for con-
struction of triple-dial phonic chronometers, tuning
forks, etc. On this visit to Cambridge, 1 also met
Sir J. J. Thomson, had lunch with D, A. Keys
(Corpus Christi) and dinner with J. Chadwick
(Caius). The next day I spent with Sir E. Ruther-
ford at his new home in Queen’s Road, On 24th
February, 1921, I ‘reported for duty’ at H.M.
Mining School, Gunwharf, Portsmouth. where I
nmiet Captain Palmer, RN., Dr. G, W. Walker
{Chief Scientist) and F. Pickford,

ADMIRALTY RESEARCH LABORATORY, TEDDINGTON,
1921 to 1936

At this stage of my narrative 1 have begun to
realise that the rale of progress has been much too
slow ! The previous three parts have each covered
a period of 1wo vears, only six vears in all, leaving
me still at the somewhal distant date of 1921. At
such a rate the project of covering the period from
1915 Lo the present would probably never be com-
pleted ! I am reminded of a book of reminiseences
in which the author’s first sentence reads * Wanted,
a deleclive Lo arrest the flight of time!’ Conse-
quently in this *part four’ I shall endeavour to
cover a considerably longer period. Unfortunately
this may have to be done at Lhe risk of my
reminiscences degenerating into a list of seientific
staffs and research items. The tendency to do this
has in this case been increased by the availability
of A R.L. quarterly and half-yearly * confidential ’
and ° secret ’ series of reports from 1921 onwards,
which are on the library shelves at A.R.L. These
reports, however, give no clue as to who was doing
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the work. and cerlain items of research on account
of their secrel nature were nol reported at all!
However, all the items mentioned in the period
with which | am dealing have now no sccrecy
grading and can be regarded as unclassitied !

As I explained in the Shandon story, F. E, Smith
{later Sir Frank Smith) succeeded J. C. McLennan
as Scientific Adviser to the Admiralty and soon
afterwards changed his title to Director of Scientific
Research, Admiralty. Dr, C. V. Drysdale was
appointed the first Superiniendent of the new
Admiralty Research Laboratory, Teddington. in
1921. After January 1921 the Shandon staffs were
temporarily scatiered until the new laboratorics
were ready for occupation. In my own case, 1 was
at that time very much concerned with acouslic
mine mechanisms, underwater explosions, and
marine sound ranging. Consequently on 23rd
February, 1921, I went to HM. Mining School.
H.M.S. Vernon, Gunwharf, Portsmouth, where
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i ir visi iri g I, on 27th
The Phvsics Board at their visit to the Mining S_'g'haol, Portsmouth,
left in the centre row and on his left Professor Sir E, Rutherford, Professor

Dr. G. W. Walker, who came from Eskdalemuir
Observatory, was then Chief Scienl'ist. H‘e was
mainly interested in (a) the analysis of ‘loop

records of ships to deiermine their principal
magnetic characteristics for use in the design of
magnctic mines, and (b) the pressure and damage
phenomena  of underwater explosions: but he
showed a very reluclant interest, if any, in my own
work on recording the pressure-time characteristics
of explosions by means of the C.R.O. and piezo-
electrie gauges which I had brought from Shandon.
Towards the end of my short stay at Mining School
we had a visit from the Physics Board on 27th
June, 1921. They included a number of dis-
tinguished scicntists and representatives of the
“Services. whose object was Lo inspect the work
being done by the various government research
establishments, On this occasion they included Sir
J. 1. Thomson, Sir Ernest Rutherford, Sir William
H. Bragg, Dr. F. E. Smith and Mr. Henry Tizzard.
The visil included a run out lp Spithcad on a
destroyer Lo sec the arca rescrved for the explosion
of large charges—mines and depth charges. Soon
after this I returned to A.R.L., Teddington, where
others of the Shandon staffs—scientific, workshop,

June, 1921, F. E. Smith is second from
Sir 1. 1. Thomson and Professor Sir

W. H Brage, Sir H. Tizzard sits on the right-hand side of the same row.

somewhat confused conditions. Some of the
Shandon staff had left us and we had additional
new staff—notably the optics group who had been
temporarily accommodated with the N.P.L. Optics
Division whilst awaiting the completion of the
A.R L. building, _

The new laboratory, built adjacent to the
N.P.L. in Queen’s Road, Teddington, was a good-
looking if somewhat small building with wo
entrances, one at the rear and the other in front
facing Queen’s Road. The latter entrance was very
seldom used, apparently reserved for V.IPs c_)nly !
The building was provided with w'ell-cqm[‘)ped
“individual tvpe® laboratories, clerical offices,
drawing office and a large workshop. In addition,
a large concrete tank 80 ft. long, 15 ft. wide and
10 ft. deep was provided. At first this tank was
exposed to the weather, but later it was enclosed in
a spacious building fitted out as a laboratory to be
used mainly for underwater acoustics research. The
optics group had a large laboratory on the upstairs
floor of the main building. )

The organisation of rescarch staff into groups
followed much the same lines as al Shandon, with
the addition of three more groups, (a) Optics under
Instructor Commander T. Y. Baker, RN,

{b) Chemical, erc.. under Dr. R. T. Beatty (c)
Mathematical and Electrical under S. Butter-
worth, and later, in 1925, the Gyro group under
A. L. Rawlings arnived from Greenwich. As the
laboratory was now remole from the sea, much of
the time of the research stalfs was spent in
planning and preparing a1 A.R.L. for sca trials at
other places, e.g. in the Portsmouth, Dover, Sheer-
ness, Devonport. Gareloch and Loch lLong areas.
The disadvantage of not having the sea and ships
*on the doorstep ™ was. however, parually com-
pensaled by certain advantages—proximity (o the
N.P.L. where scientific advice and sometimes
assistance were available, and (he nearness to the
H.Q. at the Adniirally, London, made it very con-
venient for staff having to attend conferences at
short notice, We were also brought within easy
reach of naval bases and cxpertmental establish-
ments (such as H.M.S. Vernon and Haslar), and
scientific staffs could atiend meetings of scientific,
engineering and other learned socicties, not to
mention many other facilities in and around
London.

As | have said, Dr, C. V. Drysdale was the first
Superintendent of the new lahoratory, bul in
addition lo his offictal duties in this capacily he
also found time to continue the researches which
he initiated at Shandon. His work on the magnetic
field and current distribution around a cable carry-
ing alternating current when lying on the sea-bed,
had been interrupted at Shandon by the wrecking
of the barge St. Adrign in a storm on Gareloch in
December, 1920, The object of this investigation
wus to clucidate unfore-
seen difficulties arising in
connection with the visual
leader cable scheme to
which | referred under |
A.E.S. Shandon. The ex-
periments at Shandon had
revealed unforeseen dis-
tortion of the E.M. field
above the surface of the
sea which could account
for ambiguities in the in-
dications of the visual
lcader gear (V.L.G.}. The
barge was replaced and
L. Champnev and S. 1.
Willis were lefl behind to
continue the field meas-
urements around the A.C.
cable. The details of their
observations are given in
a series of ARL. re-
ports''®. At Teddingion
our staff had been joined

by S. Butterworth'® who became immediately
mtterested in the problem of the E.M. field round
Dr. Drysdale's A.C, cable. He worked on the
theoretical aspect of the problem and carried out
small scale laboratory experiments. In the latier he
used a sheet of lcad lying on a long table with a
wire carrying A.C. along a straight line beneath
the lead sheet. Using small search coils he explored
the E.M. field distribution (vertical and horizontal
lields) above the lead sheet. The resulls of Butter-
worth's theoretical and small scale work appear in
a number of A.R.L. reports 1921-23%"_ A com-
plete record of the full scale investigations of Dr.
Drysdale and the theory and small-scale rescarch
of Butierworth was published in the Phil. Trans.
of the Royal Society®, The whole investigation
provides an excellent example of the value of small
scale laboratory research in providing a solution
io a protracted Full scale investigatton of a very
difficult problem, The investigation provided
valuable data not only in connection with the
visual leader gear problem from which it arose, but
it also derived fundamental data with regard to
the propagation of low-frequency clectro-magnelic

" AR.L. Reports Nos, 17, 18, 19, 21, 23 and 25 (1922).

™ From Manchester University, a shorl time in 1918
at H.M. Signal School. Portsmouth and 1919-21 at the
electrical Standards Laboratory, N.P.L., Teddington,

“ AR.L. Reports Nos, [l (19213, 22, 24 (1922) and 26
(1923),

0 Phil. Trans, Roy. Soe. 224 (1923) 95-184. “ The
Distribution of the magnetic field and return current
round a submarine cable carrying aliernating current.”
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Members of the Physics Board aboard H.M.S. Tarpon w Spithead, 27th Tune, 1921

drawing office and stores—had re-assembled under The author is in the cenire talking 1o Sir William Brage.

% 0 57 241




waves in sea-water. data which have since proved
valuable in their application to other problems.

At the conclusion of this work Dr. Drysdale
turned his attention 10 an cntircly different
problem for which his extensive clectrical engin-
ecring knowledge was eminently suitable. This was
the fire control of naval gunnery. in which great
precision was requircd in the control of elevation
and bearing of large guns on fighting ships, often
under conditions of rolling and pitching in heavy
scas. He was assisted in this work by J. M. Ford
and later by J. Bell, T. N. Whitehcad and T. J.
Tooley. His A.R.L. group was at first designated
the " Fire Control Group.” He designed various
types of step-by-step motors, clutch brake motors
and transmitters. synchronous molors, elc., .all
possessing novel features of particular application
1o the gun control problem. It was soon realised
that these control mechanisms had application
also to scarchlights, gyros and other devices
requiring great accuracy of direction and stability
in spite of ship's pitch and roll in a sea way. Con-
sequently in 1923 the group changed its description
1o ~Low Power Transmission ™ which dealt with
numerous forms of follow-up mechanisms and
indicators for both gunnery and scarchlights. Other
tvpes of electric motors were designed by Dr.
Drysdale, and J. M. Ford provided a valuable
advance in technigue by his imroduction of com-
pressed air follow-up motors. For the aulomatic
telemeter control of searchlights, erc., the remole
control of compressed air power motors was
provided by rotating field clectric motors. Search-
light and gan contro! research led inevitably to the
design of stabilisers for the aulomaltie ncutralisation
of the cffects of pileh and roll. These stabilisers
made use at first of gyro controls, hut as a simple
allermative compound pendulums were used. These
consisted of long-period wheels of large moment of
inertia suitably pivoted and having a small adjus-
able out-of-balance to provide thc necessary
restoring force when slightly displaced. Such a
* pendulum " behaved as a good * indicator of the
vertical.” An early example of such a * flywheel ’
pendulum had a period of 30 seconds, but in later
designs the period was incrcased lo 60 or 120
scconds, and the motion of the *flywhecl’ was
damped by filling the interior with liquid. Details
of all the equipment I have jusl mcntioned can
be found in A.R.L. Quarterly reports for the years
1921-25. In March 1926, I made experiments with
an optical follow-up system‘*** using photo-electric
cells (Sclenium or other tvpes). This system
emploved d semi-cylindrical screen with its cdge
obstructing half of the intermiutent hight passing
through a slit-focus and thence falling on a selenium
or similar photo cell. Any slight ghange of position
of the edge (in practice both edges were used with

two photo cells) resulted in an out-of-balance of
A.C. in the cell which was amplified, rectified
and used to operate a rclay controlling a pilot
air-valve and air-motor drive. With this arrange-
menl it was found possible 1o follow with
an angular accuracy of =10 minutes of arc when
the stabiliser pendulum was swinging through =20
degrees with a period of 10 seconds (lime). This
system was applied successfully in ship trials of
the searchlight stabiliser {(with ‘flywhee!” pendulum)
and was also used for gvro controls. In 1927 J. M.
Ford introduced the oil transmission gear drive
for gun and searchlight control. In this year aiso
Messrs. Vickers completed the large rolling table**?
above the far end of the tank laboratory. The table
is 12 ft. diameter, and has a maximum /ravef of
17 fu. horizontally with a pitcft of =5° and periodic
time 10 scconds, and a rolfl up to =30° with any
periodic time between 9 and 28 seconds, and i1 can

The Admirally Research Lahorarory, Queens Road,
Teddington. Built 1921,

be trained al any specd up to 4 rp.m. in cither
direction. When loaded it weighs nearly 30 tons:
its movements are very smooth and only require
a total of 5 h.p. to drive it. It will carry about 5
tons of gear. The large glass building covering the
rolling lable became the most conspicuous exlernal
feature of A.R.L.

This *table’ which could simulate the large
angular motions of roll and pitch of a ship was
invaluable in the tests of full scale searchlights
controlled by the compound pendulum and
auxiliary devices, oil drives. stabilised platforms.
gyros and cven personnel (for resistance against
sea-sicknesst). It greatly facilitated preliminary

= Gee A R,L, Quarterly Reports 18a 1o 24a. 1926-27.

= For description see AR, Q.R.a. 25 (192_7).

“n gee ALR.LJS/23, "AR.L. system ol Stabilised Search-
Jight Control.” February 1930,
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tests of gun and searchlight control gear and
obviated the necessity for many expensive sea
trials. Consequently the gun and searchlight
control equipment was ready for full scale sea
trials in 1928. The searchlight stabilisation gear,
with compound pendulum control and oil unit
drive was fitted in H.M.S. Champion, where it
remained on test tll 1929, when it was taken
over as * ship’s equipment "%, Similar control gear
was about this time (1928) supplied to H.M. Signal
School for the stabilisation of 20-inch signalling
projectors.

In Gctober 1929, Dr. Drysdale left A.RRL. to
become Director of Scientific Research al the
Admiralty in succession to Dr. F. E. Smith (later

The A.R.L. "Rolling Table’ erected in 1921

Sir Frank Smith) who had aecepted the post of
Secrctary to the Department of Scientific and
Industrial Research (D.S.LR.)). J. M. Ford now
took over the aclive direction of the work of the
low power transmission group, assisted by J. Bell,
S. I. Willis and T. J. Tooley as before. Dial or
fotlow-the-pointer motors were developed, One
of these, known as the Muagslip (magnetic slip-

22 See ALRL/S/29, January 1933,

*9 See ‘Stephen Bullerworth — An appreciation,’
JRNS.S 1, 3 (January 1946).

9 See ALR.L./S/24, ARL.JS/2S, ARL./S/26, 1930,

9 Sec AR.L./S§/12, AR.L./S/5, AR.I/S/10, AR.L/S/1 1,
1924,
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ring indicator motor), a small A.C. repeater motor
2 or 3 inches in diameter, pave very accurate
remote indications of dial recadings or the angular
posilion of any rotating mechanism, The magslip
transmission‘®® was subsequently used in the
services very extensively for fire control, eg. it
was fitted in HM.S. Barham in 1932, it was
tried successfully at Army manoeuvres at Datchet
for transmitting the training and elevation deflec-
tions from an A.A. predictor Lo the guns. The
resulls were very salisfactory and it was decided
10 use magships for firc control operations. Rolling
table tests of searchlight control gear designed for
use in HM.S. Exerer indicated in 1930 an
accuracy of stabilisation of =3 minutes of arc for a
15° roll amplitude, Two sets were fitted in the
ship and were still functioning satisfactorily in
1932, The oil motors. tlorque amplifiers, oil
pumps, efc., designed by Ford and his group
resulted in considerable reduction of weight com-
pared with the corresponding items using air or
electric molors. The oil drive system was incor-
porated in the control of stabilised platforms fitted
in HM.S. fron Duke and other large vesscls
in the Navy., It was also incorporated in the
design of stabilised controls for radio direction-
finders in ships. In 1934 a * Homing Beacon’ was
designed in co-operation with Signal School,
Portsmouth. This was installed in HM. Carricrs
Courageous and Ark Royal in 1936. A power
stabilised * director sight” showed in trials on the
rolling lable an accuracy of =3 minutes of arc for
a 15° roll amplitude and a 10 second periodie time.

Stephen Butterworth's assistance to Dr. Drysdale
in the Leader Cable problem and in the study of the
propagation of E.M. wavcs in the sea has already
been mentioned. He also did valuable theoretical
work and pave helpful advice in connection with
problems arising in the researches of other groups,
more particularly those relating o underwater
acoustics and explosions®® His theoretical work
on the beam shapes (directional characteristics) of
H.F. sound transmittcrs and on the equivalent
electrical circuits of magnetostriction and quartz
transmitlers'*” played an important part in the
development of these devices. Underwater explosion
rescarch was also a subjeel of great interest to
Butterworth. Following the development by the
writer of the piezo-clectric C.R.O. method of
recording cxplosion pressures (sec A E.S. Shandon),
he developed a theory of underwaler explosions
which gave a good representation of the pressure-
time characteristic of an explosion pulse recorded
experimentally. He also made a theoretical estimate
of damage to ship's plates by an underwater
explosion 28,

In addition to applying his knowledge as a
mathemaltician in difficult theoretical problems,
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A “strip’ camera photograph showing the fall of a torpedo released from an dircrafi.

Butterworlh did much experimental work to_test
his theorelical deductions. In this he was assisted
by J. A. Craig and later by M. W. Burgess, He
designed sensilive moving coil relays, of the order
of 2 micro-amps sensitivity, for use in non-contact
mines. and stable galvanometers which could be
used in a rolling ship. Another of his inierests
related to the external ballistics of guns. He
devised and used a solenoid method of measuring
lhe muzzle velocily of shells—using a critically
damped Einthoven oscillograph for rec‘:ordmg‘-’f”.
He also measured the velocity of recoil of guns,
the expansion of the gun barrel, and the dqﬂectlc:n
of 16-inch guns in triple turret firing ( gun-jump’).
His work at Shoeburvness range on the measure-
ment of the recoil velocity and acceleration of a
6-inch gun was carried out in [931. and his
report® gives details of the method. The detection
of enemy submarines, including *midgets,’ by
means of loops of cable laid on the sea-bed across
channels and estuaries, was made_diﬂicult on
account of industrial and terrestrial magnetc
perturbations, Butterworth devised various methods
of reducing or neutralising the perturbations, e.g.
by *3-D. balancing’” of loops. His double-
galvanomeier which acted as a very low-frequency
filler was an ingenious method of discriminating
between perturbations and the submarine’s sig-
nature. His early interest in the problems relating
to the stabilily of torpedoes when running in a
swell led Butterworth to make valuable sugges-
tions 1o improve the depth control of torpedoes.
In aSsociation with J. A. Craig he was concerned
in the development of a very suc_cessfu_l " strip
. camera” for the photography of air trajectones
dropped from aircraft info the sea. This camera
was fitted with a very ingenious shutter which

exposed a photographic plate in a succession of
adjacent strips whilst the telescopic view-finder
was continuously aligned on the aircraft and/or the
following torpedo. The trials of this camera were
carried out off Stokes Bay pier. One of Butler-
worth’s more important contributions lo research
at A.R.L. was his model tank for the experimental
study of ‘entry” and *trajectory’ of underwater
projectiles—in particular. torpedoes, depth charges,
and aircraft-laid mines, In this experimental study,
commenced early in 1936%Y he was assisted by
J. A. Craig and M. W. Burgess (in the early slages).
During the period of which I am writing (i.e. 10
the end of 1936) the investigation was concerned
mainly with measurements of the drag-coefficients
of torpedo-shaped bodies of model size about 1/20
full-scale. These were fired at high speed under
water (at first from a horizontal air-gun muzzle
inserted through the end of the tank) and the
velocity and deceleration were measured by record-
ing the passage of the torpedo through a series of
coils spaced along the trajectory of the torpedo in
the water (on the same principle of the shell
velocily measurements al Shoeburyness to which
reference has been made above). Various shapes
of torpedo head—conical, ogival, hemispherical,
etc., were tried—and conditions of enlry (splash,
up-or-down, turn, efc.} were studied whgn the
airgun was, at a later stage. arranged to fire the
projectile from a point above the level of the water
in the tank. Oscillations of the projectile in the
cavity were observed when the photographic tech-
nique was introduced. As we now know, this tech-
nique has been further developed at A.R.L. by

=0 A R.L/35. See also Jowrn. Sci. Insts. 4, 1, October
1926_ 8. . Buiterworth, A. B. Wood and E. H. Lakey.

A R.L. Repory52, July 1931,

e See A.R.L. Quarterly Reports QR.58a 10 6la, 1936.
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I. A. Craig using high speed photography, and is
now used i many other laboratories elsewhere, Tt
has yielded valuable information on the trajectories
and general behaviour of underwater projectiles.
resulting in a great saving of time and expense in
carrying out full-scale trials, and has indicated
important lines of improvement in the design of
underwater weapons,

Dr. F. B. Young, who at Shandon had been
mainly concerned with development of the electrode
search gear, moved with Dr. C. V. Drysdale carly
in 1921 to an office in our Admiralty headquarters
to deal with reports and rc-organisation, whilst
awaiting the completion of the new laboratories at
Teddinglon. He continued for some time after the
re-assembly of staff at Teddington to assist Dr.
Drysdale with papers, efc., and it was not until
some Lime after the conclusion in 1923 of the A.C.
cable experiments in Gareloch that L. Champney
was free o assist Dr. Young in experimental work.
In 1923 Dr. Young devised methods of recording
the displacenient of ship’s plating and bulkheads
in explosion damage trials, These were first tried
out in the Monarch trials®® in August 1923, in
which many others, including myself, were involved,
but with different objects in view. T shall have to
refer to these trials later. The details of Dr. Young's
methods of measuring the bulkhead movements are
described in his report®®, Briefly his device con-
sisted in principle of a pair of telescopic tubes, the
end of one being attached to (he bulkhead and the
end of the other to a relatively rigid part of the
ship’s structure. Movement of the bulkhead would
cause one lube to slide in the other, the relative
movement of the tubes being recorded either (a)
mechanically by means of a scriber mounted on
a massive low-frequency (200 c¢/s) tuning fork
which scribed the displacement, and incidentally the
time scale, on a copper strip, or (b} electrically,
using a sliding potentiometer contact and recording
by means of an Einthoven oscillograph wilth time
marker. Fifteen of these (ime-recording displace-
ment battens were used in the trials. The records
showed rather complex displacement-time features.
The first maximum of approximalely one foot dis-
placement was reached in about (+1 second followed
by a second maximuni of nearly the same amplitude
after 2 seconds, with further small-amplitude
oscillations to follow. Both mechanical (T.F.) and

"' H.M.S. Monarch was a balileship scheduled for de-
struction under the lerms of the Versailles Treaty alter
the end of the 1914-18 war.

1 See A R.LJS/7, “The deflecton of bulkheads in
Monarch Trials.” 1923,

% See J.LR.INSS. 2, 2, (March 1947) 58. (Illustrations of

_ARL, Course Plotter Mark V),

Y See various A.R.L. Quarterly Reports, between March
1924 and March 1935,
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cleetrical types of * battens” gave much (he same
indications, the latler being considered to be more
reliable.

An important problem in which Dr. Young,
assisted by L. Champney, was engaged from 1924
io 1933 related 1o the automatic plolting of the
course of a ship on a chart. Between 1930 and
1932 he was assisted also by E. H. Lakey in the
deveiopment of the Type B course plotter which
later became standard for all ships®®, In 1924
when the work commenced there were already in
existence several types of course plotters which,
for various reasons. were unreliable. These were
systematically tested in the laboratory for accuracy
and reliability and an instrument constructed which
embodied the best features of all types (e.g. in the
Villiers Odograph and the Booth & Brewerton
Course Plotlers). The new instrument included (a)
resolving gear for bearing (controlled by ship's
gyro) (b) driving gear for range (controlled by the
ship’s log), (c) clock for operating time marker and
controlling (b) when the log was oul of aclion, and
(d) the plotting (able with gear for the eontinuously
variable plotting scale. Subsequent to the construc-
tion of the * composite * course plotter a number of
basic improvements were made in the ARL.
instrument Lo ensure reliability up 10 a range of at
least 1,000 miles. Early in 1925 the course plotters
were ready for sea trials, On account of various
defects the Brewerton plolter was withdrawn from
the trials. The A.R.L. plotter® was fitted in
HM.S. Hood and was thoroughly tested on the
spring cruise. Based on these trials the Commander-
in-Chicf, Atlantic Fleet reported that the plotter
was satisfactory, Soon afterwards a second course
plotter (A.R.L. tvpe) was fitted in H.M.S. Revenge
with very favourable reports. The distance error
was 0°3% and bearing error less than half a degree.
In a later, improved type, Lhe * Spot of Light " type.
fitted in H.M.S. Warspite, the errors were less than
47 in range and 4 degree in bearing. This result
was reporled after a run of 5,000 miles (naut.)
without adjustment or cleaning, with an instrument
having been constructed throughout, to A.R.L.
design, by an ‘outside” Hrm. The course plotler
fitted in Revenge was ultimately (ransferred 1o
H.M.S. Nelson and in 1927, like the one in HM.S.
Warspite, was reported to be very satisfactory.
Five further A.R.L. course plotters were then made
for (rial in the Atlantic and Mediterranean Fleets.
and sent to HM.S's Rodney, Norfolk, Revenge,
Devonshire and Berwick (Q.R. September 1932).
A special type of course plotter (A.R.L. type B}
had already been fitted in A/S vessels but in 1933
this type was recommended at the Admiralty as
* The Standard Service Course Plotter* to be fitted
in A/S and non-A/S vessels. The final specification
for the AR.L. course plotter was supplied to
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D.T.M.. Admiralty who took over the respon-
sibility for supply of plotters for 1934 and subse-
quently. A course plotter (fitted with ‘ view plot
projector ) was sent from A.R.L. to Navigation
School, Portsmouth, in 1935, This satisfactory
outcome of the course plotter research by Young
and Champney marked the conclusion of a very
fine piece of work. I well remember with some
pleasure in the carly days when the plolter was
fitted in a ship bound from Plymouth to Gibraltar
(about 1.000 miles)—the “ plot ” arrived at Gibraltar
at * the same time and place’ as the ship! I am
reliably informed that the essential features of
present day plotters remain the same as those
desiened by Young and his assistants Champney
and Lakey.

In 1927 Dr. Young and Champney, in addition
to their course plolter investigation, took up a
problem designed to save the exchequer much
expense. This was concerned with the occasional
necessity of the electrical re-wiring of battleships.
Large ships, owing to failures of cable insulation
(mainly rubber), had to be re-wired completely after
a period of approximately two-thirds the expected
life of the ship. This involved a serious hold-up
and much expenditure of time and money. It was
considered that if ihe life of the insulation of the
cahles could be prolonged, to be equal to or greater
than the life of the ship, all this expense might be
saved. With this object in view Young and Champ-
ney started a prolonged research into the factors
likely to cause the deterioration of rubber insula-
tion on cables in naval ships. The work was done
in collaboration with Admiralty Engineering
Laboratory, West Drayton, where the reports on
progress were issued. I never actually saw any of
these reports, but T remember seeing some of the
experiments in progress at A.R.L. To the best of
my knowledge the important factors in prolonging
the * life * of the rubber were, as far as was prac-
ticable, to keep down the temperature and the
presence of oxygen to a minimum. T have no
information as to whether or not the ultimate
object of the research was achieved.

In July 1934, F. B. Young became Superinten-
dem of A.R.L., when C. S. Wright became DS.R.
Admiralty on the retirement of C. V. Drysdale.
Dr. Young, in addition to his official duties as
Superintendent, continued the researches to which
I have referred, in collaboration with L. Champney.

A new group joining our staff at AR.L. in 1921
was controlled by Dr. R. T. Beatty assisted at first
bv A. G. Milligan and later (in 1923) by J. A. Hey.
Bealty's main interest at that time was concerned
with the infra-red transmission of dyed films®®,
opaque in the visible spectrum and transparent in
the 1 p region of the infra-red. For the test of
these dyes Beatty designed a monochromator

which covered the whole spectrum range—ultra
violet, visible and infra-red. The screens were
required by R.N. Signal School, Portsmouth, for
use in Dr. H. Smith’s infra-red signalling experi-
ments in which short wave infra-red signals were
rendered visible to the eye by means of a
‘ discrasite screen.’ Milligan made Beatty's LR.
screens in the new chemical laboratory across the
corridor from Beatty’s laboratory. Here he pre-
pared also phosphorescent screens of zinc sulphide,
and various photo-sensitive materials. He made a
study of the photo-electric conductivity changes in
thallium sulphide, and made the important
discovery that when this material was slightly
contaminated with silver sulphide its sensitivity was
much increased. Its sensitivity was now equal to
that of Case Thalofide cells. Milligan provided me
with thalofide cells for some experiments to which
[ shall refer later. Tn 1922 Dr. Beatty set up a
thermostat equipment for growing large crystals
of Rochelle salt which was then only available in
small crystals. It was required by A.R.L. acoustics
group, then under B. S. Smith’s control, and
by the Asdics Group at R.N. Signal School, Poris-
mouth. The temperature of the solution in a large
crystal growing-tank had to be regulated within
0-01°C and allowed to cool extremely slowly over
a period of several days to obtain large crystals.
By the cnd of 1922 Beatty was growing crystals
41 in. X 3in, X lin, and had devised a technique
whereby many crystals could be grown at the same
time between parallel shelves of plate glass, the seed
crystal being so arranged that the resulting slab
of Rochelle salt crystal was of the ‘Asdic”’ type (i.e.
elcetric axis in same direction as applied pressure}.
This resulted in much reduced wastage in cutting
cryslals for use in asdic transmitters—only edges
having to be trimmed. These crystals were grown
in considerable quantities for R.N. Signal School
for various experimental transmitters, and receivers
—a 15-inch long strip receiver (1925) and a 2-ply
5-inch diameter receiver (1926). Further supplies
were made later when the asdic work was trans-
ferred to Portland (1927). Tn the chemical
laboratory Milligan was becoming interested in
the problems arising from impurities in the plates
of lead accumulators, This problem was of
course of considerable importance to D.E.E. in ils

% Transmission of Dyes in the Infra-Red |
region (R.T.B.). Phosphorescent and l
Photo-diclectric sensitivity of Zinc Sul- l
phide. (A.G.M.}.

@ George Bell & Sons—Publishers. 1932,

® See A.R.L,/S/I8 ‘Television, R, T. Beatty and
1. A. Hey. December 1925,

@ See A.R.L. QR (a) Repori No. 10a (March 1923).

“n NOTE: Dr. Rawlings left A.RL. in 1928; then
W. Burnside directed the Gyro group.

A.RL /SN
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application to the large lead batleries used in
submarines. Milligan was ultimately transferred in
1931 to continue this work at the Admiralty
Enginecring Laboralory, West Draylon.

In addition to his infra-red work, Dr. Beatty
was very interested in acoustics and radio (W/T)
problems. He wrote an excellent book on Hearing
in Man arid Animals®” and numerous articles on
" Wireless * for technical journals. He did some
experiments on television®®  assisted by J. A. Hey,
in which he devised interesting methods of scanning
and the use of various photoelectric devices, The
opuical group were also involved in the television
transmission of pholographs—ielephotography®®
—from aircrafl to ships or shore bases. )

In 1925 a new research group arrived at AR.L.,
or perhaps it would be more correct to say that a
group already established at Greenwich Naval
College was transferred to A.R.L. This group
headed by A. L. Rawlings*“® included W. Burn-
side, W. G. Heatley, N. H .A, Warren and S. Ward.
They specialised in gyros for which there were
numerous applications in addilion to their original
purpose for navigation. The work they were doing
on arrival at Teddinglon was first reporied in
A.R.L. Quarterly Report No. 16a for September
1925. At this time they were concerned in (a) Gyro
compass trials in H.M.S. Rapid, (b} Gyro compass
laboratory tests, (¢) Angular torpedo control and
(d) Turret training control. Tests of the Brewerton
gyro compass showed it 1o be unsatisfactory, whilst
the Sperry compass Mk. VI which had a period
of 100 minutes was giving bearing (Skefco)
trouble. In 1926 the optical follow-up which I had
designed for the searchlight compound pendulum
(flywheel) stabiliser in Dr. Drysdale’s group, was
also found to be useful for gyros. Much of the work
of the group was concerned in the design, or
improvement of existing designs. of a ‘master gyro'
compass for gunnery applications, turret training
control, efc. New compasses made by S, G. Brown

and Anschutz were thoroughly tested in the labora-
tory and in H.M. Ships, Sperry and Brown gyro
tests were made at A.R.L., and Anschutz compass
trials were made in HM.S. Nelsonti1,

Another important application of gyros with
which the gyro group were concerned with the
depth and direction keeping control of torpedoes
42 Gyros were also used with the master stabilised
platform 1o which I have already referred in Dr.
Drysdale’s group in conncction with searchlight and
gun control operations"'®. They were also used in
conneclion with stabilised director sights.

:? See AR.L. Q.R.30a to 34a (March 1929-March 1930).
" See A.R.L. Q.R.30a, and A.R.L/S/28, January 1932,
" See AR.L. Q.R.55a, June 1935,
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As my knowledge of gyros is very scanty I have
rcfrained from remarking about the scientific and
technical aspects of the research work of the gyro
group. I should recommend those interested in this
work to consult the original A.R.L. Quarterly and
special reports,

_ This remark applies also in regard to the Optics
Croup under the direction of Inst. Capt. T. Y.
Bak:ir, RN, Gyros and oplical instruments for
Naval usc tend 1o become “highly specialised’ and,
speaking for myself, only those of us who are in
conslant touch with the research work, i.e. Lhose
who are actually doing the research, are in a
position to criticise or make intelligent remarks
on their design and use. 1 shall thereforc confine
my remarks about the Optics group to the ‘head-
lines" and leave discussion of imporlant ‘details’
lo those more competent to do it. Cdr. (later
Capl.) Baker's staff included R. W. Cheshire,
E. T. Hanson, H. S. Young, M. O. Pelion, I. F.
Sutton, P. Laird, Col. Benson, Col. D. C. §. Evans.
Army and Navy representalives were attached
lemporarily. as liaison officers, to the Optics

Photograph of a projeciile in an air cavity, in the water-
eniry rank,

group. This group, as would be assumed. was
concerned mainly with the design and improve-
ment of optical instruments for use by the Navy,
covering the entire field. Their researches included
a large number of items—sometimes more than 20
were on the list although some of these appeared
occasionally in A.R.L. QR’s as * nothing further to
report’. The first Q.R. report in December 1921
mentions:  Prismatic  astrolabe, Binoculars of
various types including ‘Night Glasses’, Range-
finders, Tetragonal prisms, aircraft predicting
instruments and  height-finders. In addition o0
this type of instrument research which could
mostly be done in the laboratory at A.R.L., about
this period the Optics group were cngaged in the
problem of ‘bending of ships in a seaway’. This
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problem of course related lo long range gunnery
for battleships. Trials of the experimenial equip-
mentt  were made in HM.S. Repulse in
1922. A deflection of 60 seconds of arc was
observed on a 190 fi. baseline. In connection with
the problem of height-finding of aircraft, a *gun
laver teacher’ was designed which incorporated a
‘minifying telescope’ I Other interesting  items
which were being investigated in 1923 were: A
photographic triangulation camera for marking
‘fall of shot’. rangefinders and inclinometers,
bubble sextant for use when the horizon is invisible,
filming of glass surfaces in optical instruments,
an A.R.L. anti-aireraft predictor with corrections
for wind effects, and T.V. transmission of photo-
graphs (lelephotography). The prismatic astro-
labe*® (mentioned above) was designed by T. Y.
Baker for the observation of stars at an altitude
above the horizon as low as 45° compared with an
alitude of 60° which was the lowest previously
possible. Experiments were also being made (0
take photographs through the periscope of a
submarine. With suitable eolour filters it was
found possible (in 1925) 1o obtain pictures in
which objects were readily identified, with an
exposure time of 1/50 second at F2. An optical
level was designed for gunlaying during bombard-
ment when heavy smoke obscured visibility. A
mereury pool was used for this purposc. I seem to
recall that this device was unsucecessful in trials on
aecount of vibration and general motions of the
ship. During subsequent years much effort went
into the design of rangefinders and binoculars for
special purposes. Apparatus was designed for
training personnel in the use of specialised optical
equipment. An investigation of the properties of
optical glass was commenced in 1933 in co-
operation with Chance Bros. on a manufacturing
scale. Another interesting research dealt with a
determination of the lack of parallclism in binocu-
lars, particularly night-binoculars for submarine
or aircrafl spotting. An important factor relating
to this problem was that of ‘heterophoria’ in
Obscrvers™® . This is a squint in the relaxed con-
dition of 1he eves, such as would exist for example
on a starlight night over an infinitc sea with no
definite object on which to focus tbe eyes. This
squint amounts to 2 or 3° on the avcrage, scriously
affceting night lookouls’ powers of observation !
Another physiological factor concerning lookouts
which was also studied was that of red illumination
of the bridge at night“®. I have mentioned the
master slabilised platform designed by Dr. Drys-
dale's group. This was used not only by the ‘low
power’ group but also by the gyro and optical
groups in tests of their instruments at sea. Both
Dr. Drvsdale and Capt. Baker wgre concerned in
the design of a power stabilised director sight.

I have mentioned only a few of the problems with
which the Optics group were concerned. Some of
these may scem unimportant and some which I
have omitted more important to those particularly
concerned in naval applications of optics. To those
requiring further enlighienment 1 should advise
them to consult the original A.R.L. reports from
1921 onwards*s.

[ now come to the Acoustics Group which
between the vears 1921 and 1927 was directed by
B. S. Smith on the lines outlined under A.ES.,
Shandon, of this scries. Assisting bim at A.R.L.
in 1924 onwards were G. F. Partridge (from
Parkeston Quay, Shandon). F. D. Smith (from
Parkeston Quay but not at Shandon), E. V. Mack-
intosh (from Malta and Shandon) and H. F. Bellars
(designer, came to A.R.L. in 1921}, later in 1926
joined by J. A. McGeachy. As | have already men-
tioned S. Butterworth provided considerable
theoretical (mathematical) assistance, In 1927 1
took over the work of this group in addition to my
own, when B. S. Smith left A.RL. to take charge
of the Asdics Research and Development Estab-
lishment at H.M.S. Osprey, Portland. During
the six vears, 1921-27, at AR.L., B. S. Smith was
mainly conccrned with developing high frequency
transmitters and receivers as alternatives Lo the
quartz asdic, and from 1923 in developing an audio
frequency echo depth sounder. I referred very
briefly under A.E.S. Shandon to the electro-
magnetic strip oscillator, At A.R.L. this long
strip was modified and became a ‘ring’. in reality a
very short evlinder, diameter about 20 inches and
‘length’ about 3 inches, which vibrated axially.
The axial section of the ring consisted essentially
of a duralumin resonator having ils main mass
concentrated on the inner cdge (in air) and the
smaller mass at the outer edge (radialing into the
water), whilst the elastic ‘leg’ connecting the two
masscs completed the resonant system. A thin
flexible edging around the cylinder served to
locate the resonant ring in the applied magnctic
fields and to make the syslem watcrtight. A
powerful annular magnetic field, D.C. with super-
posed H.F. allernating field, caused the ring to
vibrate axially at its resonant longitudinal
frequency. In prineiple the excitation of the ring is
similar to that emploved in the Fessenden audio
frequency transmitter. but in the high frequency
case no diaphragm is used, the sound emitted to or
received from the water procceds via the edge of

0 See AR.L, Q.R's 2 to 6, 1922,

"5 See ALR.L. Report No, 16,

9 AR.L. Q.RA9, December 1933,

" A R.L.. Q R.57, December 1935,

tm Available in the Library at A.R.L. and a1 NSTIC
as " unclassified * reports.

o See AR, QR.12(a) to 14(a). 1924-25,

= A RLJS2, ARLJS/, 1923
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the ring. These H.F. rings of various frequencies
10, 15 and 20 Kc/s. were made and sent to H.M.
Signal School Asdic Division, Portsmouth for
test***. The efficiency was stated to be about 709
when the magnet poles were laminated, falling to
40% with solid poles. In later sea trials in 1925-
26 difficulties were encountcred due 1o ‘double-
peak’ resonances and trouble with the valve
oscillators driving the ring. When these difficulties
had been surmounted, however, it was still con-
sidered that the H.F. ring transmitter was not a
serious competitor to the quartz asdic, from the
point of view of various mechanical difficultics in
manufacture, erc. S. Butterworth wrole a paper
on ‘The theory of ring and strip transmitters and
the distribution of sound around various trans-
mitters’ which also dealt with beam shapes of
ring, line and disc sources. A description of the
design of *The moving conductor H.F. trans.
mitter’ is also given by B. 5. Smith in A.R.L./S/3
report®’. The ring transmitter to which refercnce
has just been made was essentially a continuous
wave (C.W.) type, the length of the pulse trans-
milted being readily controlled. The second tvpe
of transmitter which B. S. Smith designed used a
resonant steel rod. which was struck a powerful
blow at one end by an EM. operated hammer
(later replaced by one pncumatically operated)
emitting into the water from the other end of the
rod a pulse consisting of a damped train of H.F.
waves. In this case an independent tuned receiver
of HF. sound had to be used. At first the sound
emitted from the end of the sicel rod was dis-
appointing. until it was discovered that eavitation at
the eniitting facc was the cause. When this face
was enclosed in an oil-filled dome under pressure
and free from dissolved air or bubbles, the sound-
oulput was considerably increased. This type of
rod transmiticr was designed for deep sea echo
sounding, and in 1926 was handed over to
H. Hughes & Son to manufacture for this purpose.
Tuned high frequency microphones were designed
for use at asdic frequencies. These were of a
double diaphragm type enclosing carbon pellets
such as were used in audio telephones. Rochelle
salt was also used for reecption of H.F. sounds and
a few transmitiers were also made. The latter
however could only be used for experimental work,
with very low power outputs. For reception,
however, Rochelle sall had many advantages,
particularly that of high p.c. sensivity compared
with quariz. Its main disadvantage was of course
its great solubility in water!

:': AR.L/S21, B. S. Smith. June 1927.

" See for example A R.L. Report 27, * Continuous Depth
Sounding by the telephone method.” B. S. Smith. April
1923, F. E. Smith, Proc. Roy, fnst, 24 (1924). 342,
A. B, Wood, Sound, p. 472 {Ist Edition Bell, 19301,
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A very uscful device designed by B. S. Smith at
A.R.L. was "an instrument for measurement of the
strength of asdic echoes’*", later known as the
signal strength meter, This worked well in the
range of asdic frequencies and proved valuable in
research at H.M. Signal School, Portsmouth and
later at HM.S. Osprey, Poriland. Perhaps the
most important of his achicvements at A.R.L. was
the Echo Decpth Sounder (iclephonic audio-
frequency svstem). He had contemplated designing
a continuous EDS. at Shandon in 1920 but
i was not until we were installed a1 Teddington
that serious work on it was bcgun. The system
employed has often been described*® and the
following brief outline may serve to cxplain the
basic pninciple. The source of sound is a stecl
diaphragm 5 or 6 inches in diameter, which emits
a heavily damped train of audio frequency waves
when struck at regular intervals, about three times
per second, by sudden blows from an E.M.
opcrated hammer. Current through an clectro-
magnet causes the hammer to compress a spring
which, when the current is cut off, drives the
hammer into sudden and violent contact with a
boss on the diaphragm. A small hydrophone
receives the echo from the sea-bed and some of the
direct sound. The transmitter and recciver arc
mounted in watcr-filled tanks on oppositc sides of
the ship, the hull forming a partial sercen to the
direct sound. A constani-speed motor drives two
commutators through suitable gearing. One of these
which consists of a metal disc with an insulated
segment causes the hammer (o sirike the dia-
phragm when this segment passes the brushes.
The sccond commulator on the same shaft as the
first short-circuits the telephones in the receiving
cireutt exeept for a brief period. provided by an
insulated scgntent, during which the "phones can
‘listen’. There is conscquently very little back-
ground ship noisc and onlv the dircct sound or the
echo can be heard at full strength. The position
of the "phone “pick-up’ brushes can be displaced
by hand relative to the ‘zero’ or transmission
instant, so that an interval of ime, proportional to
the angular displacement of the brushes, elapses
between the initial transmission instant and that
at which the echo is heard in the “phones. With a
knowledge of the vclocity of sound in the water.
the angular displacement of the “phone brushes 1o
the ‘echo’™ position can be calibrated in terms of
depth. The first sca trials of this equipment werce
made with an " outboard * experimental set-up in
HM.S. Kellett in Seplember 1923 which gave
promising results. It was found however that
with inboard transmission and reception. through
the hull plating, it was necessary for careful selec-
tion of the positions of the hammer and the hydro-
phone to oblain reasonable listening conditions,
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which varied from ship to ship. This audio
frequency “telephone’ sounding system was eventu-
ally fitted to a considerable number of ships in the
Navy and re-named *Shallow water Echo Sounder’.
The audio frequency E.D.S, was in 1925 handed
over 1o Henry Hughes & Sons for manufacture
and fiing in both Naval and commercial vessels.
In practice it worked fairly well up to depths
around 200 fathoms, bul reports of hammer and
spring failures were frequent. A more powerful
set was made for “oceanic’ soundings but this met
with much trouble in service. In 1927 an audio-
frequency echo sounder was made for installation
in survey motor boats but the acoustic screening
between transmitter and receiver was found to be
an insuperable difficulty, to which T shall refer
later.

On leaving A ES. Shandon in February 1921
myv headquarters were temporarily transferred
to Mining School, HM.S. Verron, Portsmouth,
until the end of June. Here I hoped to resume my
rescarch on underwater explosions, using the
cathode ray oscillograph and piezo-electric (tour-
maline) gauges which 1 had made at Shandon,
but on this occasion this did not materialise,
although 1 made some progress in improving the
technique of recording explosion pressure-lime
characteristics as far as this was possible in the
laboratory on shore. I also analysed for Dr.
G. W. Walker, Chicf Scientist. a considerable num-
ber of 'loop’ records, lo derive magnetic data of
the ships which had passed over the loops.
Notable events, from my point of view, in this
brief period at Mining School, were (a) the visit
of the Physics Board to which I referred earlier,
and (b) the Foundation mceting of the Institute
of Physics in London on 27th April, 1921, which I
attended. At this mceting some of the speakers
were The Rt. Hon. Lord (A. J.) Balfour, Sir J. J.
Thompson, Sir William H. Bragg and Sir Robert
Hatfield. Lord Balfour, a tall and impressive
fipure, was a powerful specaker —a memory not
likely 1o be forgotten by those who heard him.
At the end of June 1921 1 left Mining Sehool and
after a short period of leave returned to AR.L..
Teddinglon. My new ‘lab’ was at the extreme
right-hand end of the block, when facing the
building frontage in Queen’s Road. J. M. Ford
who was working with me at Shandon was now in
Dr. Drysdale’s group, although he continued to
take an interest in the work 1 was doing on
phonic chronometers, shock receivers, efc., which
we had been developing for sound ranging and
other applications. I was now joined in September
1921 hy E. H. Lakey, a new arrival on the staff.
In continuation of my work at Shandon I was
intermittently concerned, sduring the years 1920-
22, in sub-marine sound ranging by various methods

and in making accurate measurements of the
velocity of sound in the sea. This I did in co-
operation with Cdr. H. E. Browne, R N., who was
in charge of the sound-ranging staton at
St. Margaret's Bay near Dover. The velocity
measurements were made by a special multiple
charge technique, using four hydrophones on a
baseline extending over 12 miles long lying N-S
approximately, the length being known to one part
in 10.000. Temperature mcasurements were made
along the base line, at the firing points of the
cxplosive charges and at various points in the
locality, and observations were made during
winter and summer conditions of temperature.
The salinity coefficient of velocity was estimated
by comparing velocitics measured at Shandon and
al St. Margaret's Bay where (he salinites werc 28
and 35 parts per thousand respeetively. The
results of these obscrvalions were published 1n
A_R.L. Reports and later in the Proceedings of the
Royal Sociery®™ . These velocity measurements
provided reliabte data not only for sound-ranging
and survey purposes but also later for echo depth
sounding which was soon to become a standard
method in ships all over the world. The values
ohtained for the velocity of sound in the sea at
different temperatures and salinities have rccently
been shown (o be reliable within one part in 5,000
by accurate laboratory measurements at N.O.L.
and N.R.L., Washington, US.A. In addition to
the velocity measurements a new sysltem of sound
ranging and location of sub-marine explosions was
developed, by a method permissible in peace time
but not during a war. This was known as the
Radio-Acoustic Method ™. A ship firing a small
charge and requiring a position * fix* would radio
the S/R station, e.g. at St. Margaret’s Bay, and
ask by radio for a “fix.” A radio “dot’ was trans-
mitted from the ship on detonation of the charge.
This dot was recorded at the S/R station with the
subsequent arrival of the sound wave at the
various hydrophones on the surveyed base-line. A
knowledge of the velocity of sound in the sea and
the various times of travel of the explosion pulse
gave the range of the explosion from the individual
hydrophones. This method gave very accurate
“tixes” in a few minutes. During the course of
experiments it detected an error of a mile in the
position of a lightship marking a sandbank and
was used to havigate a destroyer along a difficult
channe! between sandbanks off the Dutch coast.

= proe Roy., Soc. 103, (1923) 284. A, B. Wood, H. E.
Browne and C. Cochrane,

) See A.R.L. Reports Nos. 13, 14 and 15, 1921, and
Proc. Phys. Soc. 35, p. 183, 1923, A. B. Wood and
H. E. Browne,

6 Gee AR.L. Q.R.26, March 1928,
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Another investigation of u rclatively subsidiary
nature was to provide a recorder to measure the
speed of torpedoes when running in the range at
Loch Long. At this time in 1922, * markers * (men
with flags) were stationed in huts on rafts in a line
of known positions along the range, they dipped a
flag " bv hand” as they saw Lhe torpedo (or its
hubhle streum) pass the raft and observers using
binoculars noted the times bv stopwaich as they
saw the successive flags *dip.” In conditions of
poor visibility this was unsatisfactory. We had
chatiering coniact hvdrophones at each raft, con-
nected 10 a six-pen recorder at the firing point.
This recorded the insiant of firing and the passage
of the torpedo at each raft. It gave good resulis
for lorpedoes running at speeds 25, 30 or 35 knols
and worked well in dark and stormy weather when
*human ™ markers on the rafts werc uscless. It was
in use at Arrochar torpedo range for several vears
and became particularly valuable when trackless
torpedocs were introduced#® . Whilst these experi-
ments  were in progress preparations were also
being made at A.R.L. for further explosion trials
at Mining School. Portsmouth. [Improvements
were made in the design of the cathode-ray-
oscillograph and the piczo-electric gauges. To lest
the C.R.O. al ARL,, records were made of high-
speed transient electrical phenomena {(condenser
discharges and other forms of impulse) and of
high frequency wave-forms up o about 10° ¢/s.
A proposal was also submitted 10 CSR.D.
Woolwich to use the CR.O. and P.E. method to
record thc pressure in gun barrels on firing a
projectile. A C.R.O. was supplied and it was used
for this purpose, also for rccording the blast
pressure of 16-inch guns at Woolwich proving
ground. J. A, Craig made the blast pressure records
in 1923 using a * stnp * lype p.c. gauge and C.R.O.,
the pressures being measured at ranges around
60 fl. on a bearing about 50° from the muzzle of
the gun®?  Other interesting applications of the
C.R.O. the first of its kind to record a single-
traverse suitable for recording high-speed phenom-
cna. could be mentioned hut this would occupy
oo miuch time and printing space ! To return to
the original purpose of the C.R.O. and p.e. gauge:
E. H. LLakey and I made preparations for an ex-
lended series of explosion trials, (a) damage trials
against H.M.S., Gorgon and H.M.S. Monarch, two

0 See AR.L. Q.R.6a, 7a and 8a. 1923,

™ See ARL. QRs 1922.24 and AR.L/S/12, 1924
(A. B. Wood and E. H. Lakey,) 8121934
" See A.R.L. Report on “The nature of the pressure
impulse produced by the detonation ol explosives
under water. An investigation by the piczo-electric
cathode-ray oscillograph method.™ A.R.L./S$/12, 1924.
A. B, Wood and E. H. Lakey.
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battleships scheduled for destruction under the
terms of the Versailles Treatv, and (b) a series of
trials with special charges from a few pounds to a
ton of explosive (T.N.T.. Amatol, esc.) 1o obiain
pressure, momenturmn and energy values, effect of
varying range and depth of charge. shape and type
of container (e.g. depth charge, bouvant mine, eic.).
The Gorgor trials ook place in September 1922
when T.N.T. charges of various weights (250 Lo
2,000 Ibs.) were fired in proximity to the hull,
pressure gauges of various kinds (Hilliar crusher
gauges, copper diaphragm gauges and piezo-electric
gauges) were used. One record (250 1bs. T.N.T. at
15 ft.) made by the C.R.O. and p.e. gauge (about
2 ft. from the pressure hull and inside the * blister ')
was of particular interest. 1t showed the sudden rise
(<10 scc) of pressure followed by the usual
exponential fall but this was suddenly cut off by
the reflected pulse, reversed in phase, from the air-
hacked hull of the ship. The Monarch trials
{August 1923) werc simular in character to those
for the Gorgon. The resulls of both these interesting
and important trials were fullv reported in Mining
School * Summaries * in 1922 and 1923, and the
C.R.O.-p.e. measurements are also described in
P_t.R.L. reports®”’. With regard (o (b), the explo-
sion pressure measurenicnts using special ‘research’
charges, here again * Hilliar.” copper diaphragm
and piezo-electric gauges were used. A largc
numher of C.R.O. records were made showing
the almost instantancous rise of pressure followed
by the exponential fall in the explosion pulse.
The pe. records supplied the necessary data for
measuring nlaximum pressure, momentum and
energy in the explosion pulse. and the effects of
varving weight of charge, range and deptht~.

-
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C.RO. and piczo-electric record of pressure-time curve of
a TN.T, explosion underwaler
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Records were made showing *bottom™ and
* surface ” reflections following the direct pressure
pulse. The method of explosion pressure pulse
recording established in this period (1922-1923)
has subsequently been in use continuously to the
present day®” ‘both here and in U.S.A. On the
theoretical side, I have already mentioned the con-
tributions of S. Butlerworth refative to the form
of the explosion pulse under water and the
damage to structures, in particular to ships’ plating.
His theorelical conclusions agreed reasonably well
with the results of experimental trials. The explosion
trials at Mining School, Portsmouth. were con-
cluded at the end of 1923 but I was fully occupied
during the first quarter of 1924 in analysing between
400 and 500 C.R.O. records and in preparing a re-
port on the experimenls®. Between February
1924 and February 1925 Lakey left me, (o join a
Mining School party (with Johnson and Colquhoun)
on Southern latitude ~Loop’ trials at Ceylon,
Jervis Bay (Australia) and Singapore.

In 1924 DS.R. (F. E. Smith) asked me to take
up the problem of a ‘ hornet’ aeroplane. a radio-
direcled pilotless plane which would detect and
‘ home ' on an encmy plane al any time of the day
or night. *Some’ physical characteristic of the
encmy plane was lo be used to operate the control
mechanism of the “ hornet.” The first part of this
problem obviously involved the investigation of
the various possible physical characteristics which
might be uscd. Assisted again by E. H. Lakey the
work was done at A.RL. with field tests at the
Royal Aircraft Establishment, Farnborough. Ob-
servations were made of *likely * and *less likely’
properties of the plane which might be used. Some
of the preliminary work served to eliminate a few
of the * less likely * items, e.g. detection of exhaust
gases (CO, CO.). air currents and ionisation in the
wake, electrical capacity effects (at short range
only), optical image of plane effect on a system of
photo cells (selenium and thallium sulphide—
useful in daylight onlv). Some very interesting
observations were made in the course of these
experiments but they were mainly of academic
interest and held out litle hope of solving the
main problem. Acoustic and infra-red methods
seemed more promising for appreciable ranges of
detection. In the course of acoustic observations
of planes in flight over Lafan’s Plain, Farnborough,
in a frequency range from about 100 ¢/s to 20 ke/s.

it was noticed that the attenuation of sounds In
the higher frequency range was much greater than
that anticipated from theoretical data, A plane
flying low .overhead emitted high frequency (order
10Kc.) sound at high intensity but at a distance
of a quarter of a mile or so this was almost unde-

tectable. Subsequent experiments over the N.P.L.

sportstield confirmed these “observations and

Charge fired shalfow at Spithead

showed that the greatly increased attenuation,
not predicted by classical theory, was due to the
prescnce of waler vapour and was a funetion of
humidity®®. (This phenomenon had been dis-
covered independently by V. Knudsen in US.A.
in laboratory experiments). It was concluded that
infra-red measurements of thermal radiation from
aircraft must be made. For this purpose exper-
ments were made to obtain a quick-acting sen-
sitive thermopile. Various commercial types were
examined in the laboratory. but cventually one
made at A.R.L. proved lo be the most suitable.
Bismuth-antimony junctions made by cathodic
sputtering on thin slips of mica had rather high
resistance (mainly due to the antimony film) and
were (00 slow in response {due to the mica base).
An improved method of making consiantan-
manganin or constanlan-bronze junctions resulted
in a successful thermopile. It was found possible
0 unite these pairs of alloys without the use of
solder, using flux only, the junction remaining
mechanically strong and sharply defined even
when rolled to a thickness of 00005 inch.
Attempts to make even thinner junctions by

" Gee * Upnderwater Explosion Research™, 3 Vols.
Published in 1950 by Office of Naval Research,
Washinglon, U.S.A.

" See A.R.L. Report No, 32, 1935, = The altequq_tion _of
high frequency sounds {up to 15 ke/s) in air —with
an appendix on high frequency sounds from acro-
planes.
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‘ beating * (as in the manufacture of gold leaf) were
unsuccessful due to difficulties of annealing, With
these thermojunctions at the focus of a good quality
mirror cight inches diameter and front face silvered,
measurcments were made on aircraft tethered to
the ground and in flight at Farnborough during
1925-26. Infra-red spectrum measurements indi-
cated the maximum energy in the spectrum of the
emitted LR. radiation to be near a wavelength of
5 or 6,/ in agreement with the temperature of
the engine. Exploratory measurements showed that
most of the thermal radiation of wavelength less
than 10x came from exposed parts of the engine,
the exhaust manifolds and flame, if any, at the exits
of the cxhausts. The thermal radiation from the
slip-stream was either too small to measure or was
of long wave-length corresponding 1o exhaust gases
diluted and cooled by a large volume of cold air.
An estimate of thermal energy detectable by infra-
red, up to wavelength 10p was of the order of 1 or
2% of the horsepower of the engine. and depended
critically on the amount of screening used in the
design. Records were made of sky radiation day
and night, using LR, filters of different cut-off
wave-lengths (up to 154), in order to discover what
background interference was likely to be encoun-
tered when ‘ looking by LR.” at a plane in flight.
As a result of this, a differential thermopile was
designed which had a selective effect in distin-
guishing the *point image’ of a hot aeroplane
engine from the ‘cxtended’ image of a small
portion of the sky background, and also improved
angular aecuracy. Atiempts were also made to
obtain a ‘ filter* to cut off all radiation below 4 or
5u, i.e. 10 be selective for the aero-engine radiation.
A detailed report of this work which was handed
in manuscript 1o D.S.R. appeared in May 1927 as
an A.R.L. report'™®. As will be seen the original
“ hornet ” research failed, for in day-time any infra-
red device would ‘ head * for the sun, a much more
potent infra-red source than any aeroplane! This
seemed clear to me at the outset. The investigation,
however, vielded a certain amount of valuable in-
formation about thermal radiation from aircraft
and from the sky and was on that account far from
disappointing, Of course as a means of detecting
aircraft much of this was completely outdated in
1935 with the development of radar— what we
needed in 1925 was a prophet !

Another outcome of the infra-red experiments
in 1926 was due to an accidental discovery in the
laboratory at A.R.L.-—the application being secret
infra-red signalling and station keeping between

" In this connection # is 10+ em., or | micron.

9 *Thermal Radiation from Acroplanes.’ A.R.L./S/20.
May 1927.

*» The ebonite must be good quality free from “loading”
materials.

“' Admiral Burmester, Capi. im Thurm and Cdr. Foote.
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ships at sea. It happened in this way. In October
1926 Lakey and 1 were making some sensitivity
tests of a Thalofide cell which had a maximum
sensitivity around lp (just beyond the dark red
visible part of the spectrum). The cell was being
exposed to a metal filament lamp source a few
yards away and the change of galvanometer deflec-
tion, due to the fall of resistance of the Thalofide
cell, was being observed. To cut off the radiation
from the lamp a sheet of ebonite 1 mm. thick,
which was handy, was interposed in front of the
cell. Much to our surprise there was stll a large
signal indicated by the galvanometer. Following
up this observation and using an infra-red spec-
trometer, we discovered that the ebonite had a
maximum transmission near 1x. Polished ebonite,
as would be expected, was found to Lransmit more
and scatler less than the matt varielv which is
used for electrical insulation. A thalofide cell and
a polished ebonite screen®™® in fron( of the source
was Lherefore an ideal combination for infra-red
signalling. For this purpose we decided Lo use as
I.R. source a wungsten are (pointolite) with cbonite
screen interrupled at an audio-frequencv, whilst
the thalofide receiver current could be amplified
(with 3-stage valves) to operate (clephones or a
loud-speaker. Testing this system across Bushy Park
from Lhe roof of A.R.L. loud signals could be heard
at 14 miles using a 10 in. dia. reeeiving mirror, and
much louder when a 10 in, mirror was used also
at the transmitting end. J. M. Ford designed the
motor-drive, signalling key and mountings for the
revolving slotted shutter, 10 inches diameter , which
obscured the 1. radiation 300 or 400 times per
second. In November 1926 this infra-red signalling
apparatus was tested by H.M. Signal School at
Southsea Castle when Admiral Burmester's com-
mittee were present’®”. Very loud signals were
heard when a destroyer (transmitting to Southsea
Castle) was at 1, 2 and 3 miles range, the visibility
heing degseribed as * moderate * in mist and heavy
rain. The Burmester committee’s report was very
favourable but to the best of my knowledge this
infra-red signalling and station-keeping method was
not used in service.

At the end of 1927, the explosion research and
infra-red investigations having been completed or
handed over to others for development, and B. S.
Smith having left A.R.L. for H.M.S. Osprey,
Poriland. my main responsibility gradually turned
to underwater acouslics again. At first this con-
tinued on the lines previcusly followed by the
Acoustics group, viz. development of the “ring’
and ‘rod’ transmitters and the audio-freguency
echo depth sounder, The reports of the work of the
Acoustics group were, after a short time, divided
into two parts. The part dealing with high frequency
sound transmission, etfe. insofar as it related 1o
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Asdics was incorporated in HM.S. Osprey half-
vearly rcports, whilst others of a less secret
nature appearcd in the ordinary A.R.L. quarterly
reports. In addition to myself, the staff of_ the
Acoustics group now consisted of G, F. Partridge,
F. D. Smith and J. A. McGeachy. Al a later stage
we were joined by N. Shuttleworth. C. A, Luxford
and by J. A. Hey (who left A.R.L. to join HM.S.
Osprey in 1932). We received considerable help on
the mathematical side from S. Butterworth on many
occasions. It would 1ake too long and occupy too
much prinung space for me to deseribe the many
new items of research which were introduced in
the period 1928-36. for delails, reference must be
made to A.R.L. and Osprey periodical (Q.R. and
halfyear) und special reports. In addition to * hard-
ware” for use in Asdics, Echo Sounding, etc., we
initiated more * basic’ (or ° semi-basic ') research
on such fundamental problems as cavitation, sound
propagation as modified by surface rcflection and
temperature gradienis, measurement of sound
intensity under water. velocity of sound in sheet
malterials and so on. As always, cven to-day, we
were asked to decal with *subsidiary® problems
which were outside our normal programme. Before
deuling with the latler, T shall mention briefly two
of such * problems.” One of these relatcd to the
recovery of ‘lost’ torpedoes. As cveryone knows
torpedoes are cxpensive items which frequently run
astray or fail 1o * blow ™ at the end of practice runs.
Al the end of a run a considerable amount of
residual air at a pressure of several hundred pounds
per square inch remains. In our solution of this
problem we proposed to usc this residual air to
operate a small pneumatic tapper which *hammered’
the hull of the torpedo, the sound thus emitted
into the surrounding water being detectable under
good weather conditions at a range of several miles.
A directional hydrophone of the type designed at
Hawkcraig. Aberdour in 1916 was used for locating
the origin of the sound proceeding from the
“bottomed * torpedo. The only specimen of this
hvdrophone which could be found at this time,
1929, was in the Science Muscum at South Kensing-
ton, and a copy was made at AR L. for the purposc
of the experiments. The first trials were made at
the torpedo range at Arrochar where Mr. Devine
was the Superintendent. He was a remarkable
character. a great philosopher with a very practical
outlook who will be affectionately remembered by
all who were privileged 10 know him. He always
gave us 50 much assistance and encouragement
whenever we visited the range. On this occasion a
torpedo was sunk early one morning, in a position
‘unknown’ 10 us and in the afternoon we were
asked to find it. With the portable directional hydro-
phone over the side of a motor baat we could hear
the “tapper’ in the torpedo quite clcarly when we

were at the starting point, and had no diffieulty in
finding it in a bay about two miles down the loch,
the bubbles rising up from the torpedo being then
clearly visible. A diver lowered to the bottom some
distance from the tapper could walk in the correct
dircction towards it, and indicate to the boat above
him in which direction o proceed to tind it. At the
end of this very successful trial of the tapper, Mr.
Devine. after offering his congratulations, tacifully
informed us that he had never vet lost a torpedo on
the range, in fact he was *onc up.” having found
one morc than had been fired ! Mr. Devine told
many tales of divers, some probable and some not.
There was the story of the diver who was lowered
" plumb on top of the torpedo.” His pay depending
on ‘lime” as well as on * depth,” he thereupon sat
on the torpedo, took out his pipe and had a com-
fortable smoke for a spell! Further trials of the
torpedo lapper were made at Porismouth, using an
outboard dircctional hydrophone, when it was
heard and located at ranges of several miles.

[ referred earlier to Dr. Young's work on course
plotters in which an accurate ship’s ‘log® (speed
indicator) was requircd. Existing ‘ logs,” e.g. the
Pitometer log and others depending on the use of
‘pitot and static” tubes were suspected of having
crrors of various kinds, revealed in Haslar and
N.P.L. tank tests. It was therefore decided in 1929
lo carry out careful tests of ‘pitol’ type speed
indicalors in Loch Long at Arrochar, using a motor
launch provided with suitable outboard fittings®.
The trials which were carricd out in May and June
1930, were made in good weather conditions using
the standard Pitometer pitot-static tube, and
various specially designed p-s tubes of AR.L.
design, Runs were madc at carefully measured
speeds. with the tubes at various depths and angles
of *yaw.” The commercial pilot-static (ube showed
peculiar characteristics as the vaw was varied
whereas the A.R.L. tubes followed more nearly a
cosine law which varied only slightly from normal
“ahead ” indication over a considerable angle of
vaw. The results of this investigation®®® were I
understand communicated to the ma nufacturers
and resulted in the adoption of the A.R L. design.

An urgent and very imporlant requirement by
H.M.S. Osprey in 1927 was a shcet material for
use in the design of Asdic *domes.” Tt was more
important that this material should be mechan-
ically strong to withstand the hydrodynamic forces
on the dome when earricd beneath the A/S vessel
at high specd, whilst it should interfere as little as
possible with the transmission and reception of
the H.F. pulses used in the asdic detection of sub-

“" See A.R.L. QR. No, 33, December 1929, and Q.R.
No. 35, Junc 1930. .

" See A.R.L. Report on “ Speed Indicators for Ships
No. 54, December 1931, A, B. Wood and E. H, Lakey.
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marincs.  Consequently an acoustic gonjometer
was designed for the measurement of the reflection
and transmission characteristics of sheet materials
as the angle of incidence was varied continuously.
The experiments were done Lo scale al a frequency
of 275 ke/sce. using a pair of circular quarlz lrans-
ducers (a “modern” expression indicating in this
case transmitler and receiver) of diameter about

1 inches, Thin sheets of a large variety of materials
metallic (steel, aluminium, alloys such as Alpax
etc.) and non-metallic (ebonile, bakelite. lorival,
“dermatine " and various plasties and other insu-
Jating materials) of graded thicknesses were used.
The results were extremely interesting and useful.
They were dcfinitely unforeseen and indicated that
the classical theory of Rayleigh on transmission
through thin sheets immersed in waler was
insufficient to explain many of the obscrvations.
An omission from Rayleigh's theory was the
possibility of transverse waves in the sheet material
as well as the longitudinal (thickness) vibration
assumed. No special report on these observations
was writlen, but the information can be found in
HM.S. Osprey half-yearly reports around 1934.
Great care had to he taken before testing a sheet
of material that all air films and bubbles were
removed from its surfaces. On one occasion when
testing a sheet of A/pax, which had been lowered
into the tank when T was out of the laboratory, 1
found an unbelicvably high reflection and low trans-
mission of the incident sound. On inspecting the
Alpux sheet it was discovered that this abnormal
effect was duc to a large paper label stuck on the
sheet addressed to The Superintendnt, Admiralty
Research Laboratory, Teddington ! The air film was
responsible. Thin metal sheets were found to give
high transmission of sound at angles of incidence
near the grazing angle. whilst non-metallic *plastics’
showed very low transmission at such angles of
incidence. In devcloping a theory of sound trans-
mission through thin sheet materials it was required
to know the velocity of transverse waves in the
sheets and a special technique for measuring this
velocity was developed “». Various methods were
developed for the direct measurement of sound
intensities in water. In one of these methods the
Rayleigh disc principle was used. The conventional
mica disc, as used to measure sound-intensity in
air was shown to be over 2,000 times in error when

€7y .

The Velocity of Sound in Sheet Malerials'. Proc,
Phys. Soc. 47, (1935) 149 and 185. A. B. Wood and
F. D. Smith.

See also ‘Frequency and Velocity of Sound in Small
Dises™. Proc. Phys. Sor. 47, (1935) 794, A, B. Wood.
‘Correction to the theory of the Rayleigh Disc as
applied to the measurement of Sound Intensity in
Water” A. B. Wood. Proc. Phys. Soc. 47, (1935) 779
) See HM.S. Osprey half-yearly reports {934-35.

" As I shall have to use this word frequently, 1 propose

to write M.SL instead of ‘magnetostriction”.

&y
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used in water ! Making allowance for the water load
on the disc and using discs heavy compared with
water, satisfaclory measurements were made in
agreement with theory®®. Discs of tungsten and
platinum were used to measure the sound ouLputs
and dircetional characteristics of quartz and nickel
transmitters. About this time also, i.e., in 193435,
F made some small scale experiments in the labor.
alory lank (80 fL. long, 15 fi. wide and 10 f1, deep)
10 investigate the inlerference ctfects (Lloyd’s fringe
type} between direct and surface-reflected sound
waves. These experiments produced some very
interesting results and indicated also the presence
of refraction phenomena due to temperature
gradients in the water ', The result of this small
scale research finds application in sound trans-
niission in deep (oceanic) walers,

N. Shuttleworth who joined the Acoustics
group in 1931 came from Osprey with considerable
Asdic experience both in research at Portland and
at sea in the Mediterrancan, In 1931-34 he
designed and developed high frequency alternators
as altcrnative to valve oscillators as used for asdic
purposes. resulting in a considerable saving in
weight and cost. These alternators. operaling in the
frequency range 15 10 25 ke/scc., were constructed
in various sizes, from trawler sels having an output
of 100 walls to machines having 75 KW output
for larger A/S vessels and for rescarch purposes.
A sensilive relay and governor system was designed
for the accurate frequency control of these
alternators. Shuttleworth also devised a novel form
of directional sound transmilter in the form of a
rod loaded at regular intervals, equivalent to a line
source transmutting in the direction of the line. It
consisted of a rod of tin about 2 ins. diameter and
2 ft. long, with equispaced grooves turned in it so
as to form a wave-guide in which the velocity of
propagation was equal 1o that of the surrounding
water. To protect the * tin pagoda.” as it was called,
from the side thrust due 1o its motion through the
waler when projecting vertically bencath the ship,
it was cnclosed in an oil-filled strcamlined sheath
of phosphor bronze. It behaved *according 1o
thecory * but was never used *in service.” Never-
theless it demonstrated a very intcresting principle
which may sometime have other applications, e.g.
as a long-time-delay for computers !

I must now reverl back again (o the vear 1928,
and 10 moralise a little on how careful one should
be not to be oo dogmatic in research. It came
aboul in this way. Dr. E. P. Harrison who was at
this time Chief Scientist in Minc Design Depart-
ment, HM.S_ Vernon, Portsmouth, was a frequent
visitor at A.RL. to sec me aboul explosion
pressurc research and allied problems. He had for
some time taken an academic interest in magneto
striction™  (M.St) a phenomenon in  which
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magnetisation of a ferromagnetic material such as
nickel produces a small change (a few parts in a
million) of its linear dimensions, or conversely an
enforced change of length develops a change in its
state of magnetisation. As a result of his expeti-
ments with wires of M.St. materials at audio fre-
quencies, he suggested that we might use this M.St.
effect as an alternative to the piezo-electric (p.e.)
offcct in quartz for use in Asdics. My immediate
reactions to this proposal were (a) if the transmitter
were laminated to make it electrically cfficient it
would be a poor resonator and as a consequcnce
would be mechanically inefficient; (b) on the other
hand, if the transmitter were not laminated to make
it mechanically efficient at high asdic frequencies
(around 20 kc/s) it would be inefficient electrically.
Dr. Drysdale and F. D. Smith both agreed with
this somewhat specious argument, but Harrison
was very persistent and returned repeatedly ‘ to the
charge.” At last it was decided to make a few
fundamental measurements to prove it was no
good ! Wc made up a pile of consolidated
annular ring stampings of annealed nickel. wound
toroidally with a D.C. magnelising winding and an
A.C. excitation winding, to obtain a circle diagram
for the nickel resonator. As we expected it indicated
a low efficiency of conversion and excessive damp-
ing. but not so serious as to suggest it might be
quite useless. Then it dawned upon us that the
circle-diagram test should be made with the nickel
vibrator in water! When this was done it became
clear that it was much more efficient, the internal
damping of the laminated structure being consider-
ably less than the useful water-damping. From that
point, we settled down to a thorough investigation
of the magnetostriction problem in all its aspects:
choice of material which eventually led to annealed
commercial nickel. form of stamping or other forms
of lamination—tubular rolls, annular ring stamp-
ings. and window-type rectangular strip stampings.
A completelv closed magnetic circuit was essential
to all these designs. The insulation of the lamina-
tions from one another involved much research.
but in the end it was found that nickel oxide,
formed when the stampings were annealed in air,
served the purpose nearly if not quite as well as
insulating varnishes which consolidated the pile of
stampings. S. Butterworth and F. D. Smith™
worked out the theory of the equivalent circuit of
the magnetostriction  oscillator’ (now described as
“ transducer %), and I carried out many experiments
in the lank to obtain the best conditions of
excitation, water-damping, etc. As in the case of
piezo-electric quartz the magnetostrictive trans-
mitter functioned also as a receiver. With quariz,
however, high voltages and extremely good insula-
tion conditions are essential, whgreas with nickel
low voltages and large currents with moderately

« e '
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Types of magnetostriction stamping vings and strips used
in transducers around 1930.

good insulation are required. The first M.5¢. trans-
ducers. scroll and ring types, proved to be very
cfficient both as transmitters and receivers. They
were * permanently * magnetised by a ‘flash” D.C,
all that was required in subsequent use being the
A.C. winding. Later designs used D.C. windings,
permanent magnets, and rectified A.C. for polar-
ising the M.St. transducers.

I referred earlier to an attempt by B. S. Smith
in 1927 to use an audio-frequency echo sounder in
a survey motor boat. This failed on account of
lack of screening by the hull between the trans-
mitter and receiver, The only hope of success
appeared to lie in the use of high frequency sound
pulses which could easily be made directional and
hull screening less important. During 1929 a motor-
boat echo depth recorder was designed and tested
in the laboratory tank. At first a small 16 kc/s rod
sounder, operated by an E.M. hammer similar to
that in the audio frequency E.D.S., was used as the
transmitter to give a regular series of H.F. impulses.

The receiver was of the M.St. nickel ‘ scroll* type.

cv A R.L.S/25. June 1930. See also Proc Phys. Soc. 43
(1931) 166. Later F. D. Smith wrofe a series of A.R.L.
papers on the design of magnetostriction ‘oscillators’.
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Strip window 1vpe magnetosiriction transducer of 1930.

used with a 3-valve amplifier. The first recorder was
designed to give a linear record of depths from 0
to 200 feet, using the chemical paper™*' soaked in
potassium iodide and starch solution-—(as used by
Michael Faraday originally over a hundred years
ago !)—but later the depths were increased to the
maximum o be found in the oceans. Soon I
replaced the spring-driven hammer and H.F. rod
by a condenser discharge, at a suitably high vollage,
through the low-impedance winding of a magneto-
striction nickel transniitter-——a good example of the
clectro-mechanical  analogy. This produced a
powerful damped train of oscillations in the trans-
milter in tune with the receiver, the energy in the
pulse being given by 1CV? joules. It should be
unnecessary here to describe the M.St, echo depth
recqrder bevond Lhe remarks [ have already made.
Al its ﬁrs_t sea trials at Sheerness'™ from February
onwards in 1930 it gave excellent records showing
the sea surface and the contour of the sea-bed.
On the first run across the dredged channel, about
100 ft. deep, it started from the boat camber, 4 or
5 ft. deep, across the ‘deep’ channel to the other
side. the record being remarkably clear. On the
far side the record indicated only a few feet beneath
the kecl and I called out to the Coxswain ‘ Look
out, we're nearly aground !’ He replied. * There's
plenty of water Sir.” but the words were hardly out
of his mouth when we were stuck on the mud !
There was plenty of water, but it was mainly in the

@ Chemical recorders. The Fultograph, were in use by
Wircless Pictures (1928) Lid, The principle had also
been adoplc(._l by N. Shuttleworth at HM.S8, Osprey

- 1o record asdic echoes, ’
E;:c‘ A.II:.Li Rczﬁmlls ”\FifChod depth recorder for Survey

otor-boats.” A. B. Wood and J. A. McGeach .

oy 39- December 1930. cachy. No

Sec A.R.L. Report No. 53, A, B. Wood and J. A,
McGeachy. July 1931, '
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horizontal direction ! Luckily we were on a rising
tide. Captain Edgell, Hydrographer of the Navy,
came to Sheerness to see the demonstrations and
expressed great satisfaction with the depth recorder.
He asked on the spot that it should be left at Sheer-
ness with one of his staff for a week or two 10
make a survey of the channel at Sheerness, and this
was done. The M.St. echo depth recorder was next
tested in a motor boal in Moray Firth off Fraser-
burgh in May 1931 and gave good records up to
120 fathoms'™. In these trials a pile of annular
ring stampings of nickel, mounted inside a trun-
cated cpnjcal reflector, was used—the frequency of
transmission being about 16 kc/s. The Hydro-
grapher then asked for a ‘ survey ship set’ to be
fitted in HM.S. Flinders to record 150 fathoms
reliably. Preliminary experiments in the laboratory
tank, transmitting and receiving through steel plates
of various thicknesses up to §-inch indicated a con-
siderable probability of succeeding in this without
having to cut a hole through the §-inch plating of
Flinders. We used again M.St. annular ring stamp-
ings, frequency about 16 kc/s, for both transmission
and reception. These were fitted in air-filled conical
reflectors and mwounted inside water-filled tanks
clamped on the hull close to the buige keel of the
ship. McGeachy, somewhat optimistically [ thought,
designed a new spiral drive recorder which covered
the depth-range 0 to 150 fathoms with zero shifts
to allow the record to be extended in two further
steps, 150-300 and 300450 fathoms. Both
*inboard * and * outboard ’ reeordings were made,
and the condenser discharge damped-impulse
method was compared with short pulse continuous
wave transmission. All recordings were made with
the ship running at its normal cruising speed, off the
west coast of the Lsle of Lewis towards the Flannen
Islands in which range the depth increases from

|

Annular ring naguetostriction transdiecers. The largest
worked on 10 kcjs.
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16 fathoms (near Stornoway) to 000 fathoms.
Exccllent records were oblained by all methods up
to the maximum of 450 fathoms which could be
lackled by the rccorder'"®. So McGeachy was right
and a certain person who predicled, as we wcre
leaving for Stornoway. ‘ Our name’s mud if we
don’t record 150 fathoms’ was not disappointed
We were awarded the Thomas Gray Prize by the
Royal Society of Aris for this the best invention
in Navigation in the ycar 1932-33. (A, B. Wood,
F. D. Smith and J. A. McGeachy). Details of the
magnetostriction echo depth recorder including the
principles of design and the description of the
ARL. tests, the Sheerness, Fraserburgh and
Stornoway Irials was published later™. The
manufacture of the M.St. echo depth recorder was
taken over by Henry Hughes & Son (now Kelvin
Hughes Lid)). The equipment is fitted to most
sizeable ships throughout the world—motor boats,
trawlers, merchantmen. liners, and of course the
Navy. It is used not only for navigation, but also
for hydrographical survey, fishing, geological survey
of the sea bed and for research purposes in ocean-
ography. Before leaving the subject of “the
Admiralty pattern high frequency magnetostriction
echo depth recorder” as il is called, this can be
cited as one of the few examples of an Admiralty
research project having made a large commercial
profit in addition to its direct value to the Navy!
Besides this eeho sounder application much work
was done on magnetostriction transdueers for
researeh and asdic applications. Dr. Drysdale, F.
D. Smith and myvself 100k out a number of secret
(then) patents relating 1o particular designs and
multiple arrays of such transducers. In addition (o
the cylindrical scroll and annular ring Lypes which
1 have mentioned a long strip type having a series
of equispaced legs and windows proved very
effective. F. D. Smith also designed * piston ™ trans-
ducers having a large sieel plate emilting area
excited into vibration by a large number of nickel
tubes. These were constructed to have frequencies
of 5 ke/s and 1 kefs. Another type had a *“flat’
frequeney characteristic intended for use in H.F.
sound research at Osprey, Portland. F. D. Smith
and J. A. Hey also worked on a multiple H.F.
sound transducer” using a series of water-filled
pipes'™ each containing a scroll Lype nickel
vibrator {about 1 in. dia.). With this system the
resultant emitted beam could be swung through any
desired angle by phasing cither (a) mechanically
moving the line of niekel vibrators in the tubes or
. (b} efectrically by phase-scanning circuit. C. A.
Luxford assisted in the acoustics research at a later
stape. Altempts were also made 10 produce a
uniform limited beam (flat-topped directional
characteristic) with a M.S. lran;duccr having
* phased ' sections, the object being’ lo reduce the

DhimaL } o« Manarm  DErmeGrar  Crere
DRIV ‘Nn—'lll-l-hl ChmatuTalon TP Y P

The recorder used in the first Echo Depth Recording Trials
at Sheerness in 1929,

sccondary beams of a *normal * transmitter to a
minimum. S. Butterworth did the theoretical work
on this problem'™. 1t was anticipated that the
removal of secondaries would result in an improve-
ment of signal Lo noise ratio in echo detection of
submarines, Cathode-ray oscillograph records were
made of the beam shapes of various forms of
directional transducers from 5 kc/s to 300 ke/s—
quarlz asdics, echo sounders. the tin pagoda, large
and small M.St. transducers (circular, square. strip
and multiple types). which served to check
theoretical deductions. In the first tests of a large
(12 inch square) magnetostrietion transducer of the
* window * strip-stamping type having a frequency
of 18 kefscc., we were measuring the sound output
in terms of the A.C. electrical input. At first the
output increased uniformly with input, but at higher
inpuls the sound outpui began to * flatten out " and
then to decrease. A defect in the M.St1. transducer
was suspected and it was dismantled and rebuilt.
Further tests contirmed what had been previously
observed. The tests had been done with the rans-
ducer 5 or 6 ft. deep, and on riising it near to the
water surface whilst still transmitting H.F. sound it
was noticed that bubbles were issuing in a stream
from the face of the transmitter. On illumination of
the waler in the tank by a submerged high power

#5 Gee A.R.L. Report *Echo Depth Recorder. High
Frequency Magnetostriction type. Stornoway trials™.
No. 55, December 1931, A. B, Wood and J. A, Mc-
Geachy.

“noA - Mapnetostriction Echo Depth Recorder’. A, B.
Wood, F. D. Smith and 1. A. McGeachy. LIL.EE., 76,
(1935) 550 and British Patemt 375.375.

9 See ALR.L./S/26, “A Multi-spot line source wilh
Magnetostrictive  Elements.” 5. Butterworth and
F. D. Smith.

o See  ALR.L./§/30, “Propagation of H.F. Sound in
water-filled pipes™. F. D. Smith and J, A Hey. 1932

™ See AR.L./S/24, “Production of limited sound-beams
of Uniform Intensity”, S. Butierworth, February
1930,
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The first records nuade with a magnetostriction echo depth recorder.
i the sea off Sheerness in 1929,

lamip, the bubble stream could be followed to the
remote end of the tank about 60 ft. away when the
transmilter was transmilting on full power. The
cavitation effects'*®) which we were observing were
very complex on and near the active face of the
transducer. but a few feet away the bubbles ap-
peared 1o be of a more or less uniform size travelling
at a fairly high speed along the axis of the primary
sound beam. On inserting a disc of thin tin-foil
(mounted on a metal ring} normal to the bubble
stream it was found on withdrawal from
the waler o have been punctured and
indented by the smalil bubbles driven along
the axis of the sound beam of the trans-
ducer. The diameter of the majority of the
indentations and holes in the tin-foil corres-
ponded approximalely to the theoretical
diameter of bubbles having the resonant
frequency of the sound source. This
observation of cavitation with the large
M.St. transducer started a rescarch on H.F.
sound cavitation for prolonged continuous
waves and for short pulses. Passing the
sound beam through a glass container.
filled with air-free water, immersed in the
large tank revealed the cavitation bubble
stream on both sides of the contxiner bui

reduced to a more or less quiescent state) frothed
violently even at the extreme range {(about 70 fect) in
the tank. [ had ideas at the time of using a bottle of
soda walter as a means of measuring sound intensity.,
the effect was so marked ! Talking of cavitation of
the large M.St. transmitter reminds me of a “ tame ’
eel which lived in the large tank, often looping
itself over the lifting eyebolts of the transmitter
and going to sleep. This ecl was presented to us

not within it — indicating that dissolved
air in the water was the source of the
bubbles. Observations were subsequently
made with water containing known
amounts of dissolved air. from none to
supersaturation. A large flask of cther e
(containing much dissolved air) gave spec- ==
tacular cavilation effects when placed in the
underwater sound beam. A bottle of soda

-

waler (with stopper removed and frothing =

YmEs mate

"' See HM.S. Osprey half-yearly reports March
1933 10 March 1934,
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SECTONAL [LEVATEN

The magnetostriction transducer tank as used in the

Stornoway trials.
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by the N.P.L. clectricity department and had been
used, with a number of other eels, lo indicate
equipotential lincs in a shallow water-filled tank
when a high voltage was applied between electrodes
in the water. The eels had a preference for equipo-
tential lines to avoid electrical shocks (they
were, | should explain, not electric eels) ! Our eel,
therefore, came to us with a preliminary Scientific
training of N.P.L. standard. It was very inquisitive
and interested in ultrasonics—more particularly in
cavitation phenomena. When the large M.St. trans-
mitler was cavitaling | remember the eel nosing
up to the bubble stream bui, on reaching i, going
rapidly ~into reverse” without (urning round !
Cathode ray oscillograph records showed that with
the onset of cavitation, the waveform of the sound
emitted from the M.St. transmiller ceased 10 b2
sinusoidal, the harmonic content of the waveform
increasing with increased electricai input. This
effecl no doubt explained 10 some extent the loss
of efficiency at the higher sound outputs. Using this
large transmitier | measured the sound output in
various wavs. One of these was the Rayleigh disc
method 10 which | have referred. In another
method 1 used a bundle of thermo-junctlions one
end of which was enclosed in Plasticene whilst the
cther end was exposed directlv 1o the water, The
H.F. sound. falling on the "bundle” heated the
plasticene end, due to absorption of sound energy.
but left the other “cold” end unaffected. As both
ends were in the tank there was no effect due to
vartations of water temperature. The thermo-
electric effects were easily measurable on a pointer
milli-voltmeter. and gave good results which
showed that the heating cffect in the plasticene was
proportional (o the square of the *input’ current
in the transmitter. In 1936 F. D. Smith devised a
very ingenious method of using magnetostriction
nickel wires and rods for stress measurement, He
devetoped the method later at the Admiralty
Engineering Laboratory at West Drayton. as an
engine ‘ indicator " and stress meter for girders, erc.
I remember Dr. B. N. Wallis from Vickers-Aviation
visiting A.R.L. in April 1936 10 see a demonstra-
tion. He was proposing Lo use the device 10 measure
the stresses in the geodetic structure of the Welling-
ton bomber aeroplane which he had designed.

Cn many occasions during 1935-36 [ visited
Orfordness. and later Bawdscy Manor, Sutfolk, to
keep in touch with the remarkable experimenis
which were being made by Robert A. Watson-Watt
and his staff to locate aircraft in flight at consider-
able ranges. They were starting a new technique
which used H.F..radio pulses to detect echoes from
aircraft whereas | had for a long time been inter-
ested in the use of H.F. sound pulses to delect echoes
from submarines. Previous to visiting the rescarch
station at Orfordness 1 would have prophesied that
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the radio-location of aircraft by echo was unlikely
10 succeed. But of course the asdic detection of sub-
marines also seemed unlikely 1o succeed when it
was first proposed in 1915-16! On my first visit to
Orford in 1935 A, F. Wilkins and E. G. Bowen were
obtaining ranges of detection of 35 kilometres, and
I was verv much impressed by the possibilities of
the method when | saw the echo "pip’ on the
C.R.O. linear time base. The wavelength then in use
for the pulse transmissions (triggered by the 50
cycle/mains) was about 8 metres. During my
frequent visits to Orford I learned the details of the
transmission and reeeption techniques and took
part with the staff there in many discussions. {
remember one morning asking  Watson-Watl
whelher the phase at ground reflection was reversed
(like that of a sound wave at the sea-air surface) or
nol. He gave his opinion, but that afternoon Dr.
R. L. Smith-Rosc arrived from the N.P.L. and ex-
pressed the opposite view. This led 10 an enlighten-
ing theoretical discussion in which Sommerfeld’s
theory. the state of polarisation of the transmitied
beam and - Brewsler’s angle * were often guoted!-"!
| advocated that much shorter wavelengths should
be used, down 1o centimetre wave but these were
not possible until later™®. It is nol my purposc.
however. Lo discuss the early developments of radar.
I mention it mainly to show (a) that A.R.L. ook
a lively interest in its possibilities in detecting and
locating aircraft, ships and particularly submarines,
and (b) to explain how it came about that in
December 1936 | transferred my activities to H.M.
Signal School. Portsmouth where 1 remained unil
October 1937, when [ became Chief Scientist at
Mining School. H.M.S, Vernon on the retirement
of Dr. E. P. Harrison.

So far 1 have only referred to the scientific siaff
al A.R.L. and their work. Many of the workshop,
drawing office, clerical and stores staffs came from
Shandon 10 Teddingion and their numbers were
considerably augmcnted as some of the more im-
portant research items developed. It wouid be in-
vidious to mention a few of these staffs by nzme
whilst omitting others. so | shall refer the reader
to the photograph shown, This shows the whole
of ARL. staff in 1934“%_ 11 was taken when
Dr. C. V. Drysdale retired from the post of Direclor
of Scientific Research, Admiralty. and was suc-
ceeded by C. S. Wright, then Superintendent of
ARL. F. B. Young became Superintendent.
ARL. in July 1934, continuing in that appoint-
men( until his retirement in October 1937. | have

™1 [ wrote a report on this in 1937 when [ was at H.M.
Signal School, Portsmouth.

"3 | pursued this suggestion a1 Signat School in 1937 and
sketched out a multiple split-anode magnetron—which
was never made !

2 The names of all the individuals shown on this pholo-
graph are available.
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said nothing about the socizl activities at the
laboratory nor of our very friendly relations with
our neighbours The National Physical Laboratory.
In the field of sport, cricket. tennis, football etc.
AR.L. was regarded as equivalent to onc of the
N.P.L. departments. Spacc does not permit more
than this bare reference to this important aspect
of stalT activities. The Director of the N.P.L. during
the period of which 1 am writing was Sir Joseph
Petavel who. when Professor of Engineering at
Manchester Universily, was closely connected with
thc work of the B.LLR. during the first world war.
He was always keenly interested in the progress of
research at A.R.L. and invariably placed the facil-
itics of his grcat laboratory and specialist staffs at
our disposal when required. Both N.P.L. and
A.R.L. suffered a great loss when he died on 31st
March, 1936.

In coneluding this part of my narrative. I am
very conscious that my remarks probably include

items which may appear unimportant and have
omitted others which may justifiably bc regarded
as more important, | realise that I have a strong
tendency, not uncommon in thosc who * write,” to
say more about things in which I was personally
concerned 1o the neglect of work done by others.
As an excuse I take refuge in the fact that I write
best about what 1 know best. After all, this is just
* reminiscences,” not a history. For the seven ycars
after the end of 1936 I was not officially on AR.L.
staff, although I was a very frequent visitor, my
work being morc closely conneclted with Signal
School and Mining Sehool. Porismouth, two old
and important Naval Establishments both interest-
ed. amongst other problems in the application of re-
search emanating from A.R.L. Whilst in these
Establishments, however, I was still on the
Admiralty Rescarch staff of the S.R.E. Department,
later 10 become the R.N. Scientifie Service.

THE WAR PERIOD, 1937—1945

[n the previous pages, I have dealt in each case
with my connection with a particular research
establishment. During the period of which I now
write, I was, however, directly involved with several
establishments in various parts of the country. This
has consequently made it necessary lo choose a
simple and yet more comprehensive title. To those
of my readers who were familiar with events in the
two or three years preceding the outbreak of the
second world war on 3rd September, 1939. my title
*The War Period’ commencing 1937 rather than
1939 will be understood, It will be very clear Lo any-
ong who has read Winston Churchill’s The Second
World War, in particular Volume I, The Gathering
Srorm, that these years prior to September 1939
found the whole of Europe, ourselves not excluded,
in a state of acute tension. Hitler's inlensive
rearmament and re-occupation of the Rhineland in
March 1936 followed by the occupation of Austria
and Czechoslovakia in 1938, and his enury into
Poland in September 1939 made war inevitable,

My frequent visits to Orfordness and Bawdsey
during 1935 - 36 where the work on radio location
of aeroplanes and ships (now knpwn as ‘radar’)
was making such remarkable progress, impresscd

me with the possibility of its vilal importance in the
event of a second world war, This impression was
deepened during the subsequent years leading to
the outbreak of war in 1939. I have already ¢x-
plained how interest in this work resulted in my
transfer, in December 1936. from A.R.L. Ted-
dington to H.M. Signal School, Portsmouth, where
‘ radio-location * was to be my primary concern. At
Signal School Captain J. W. 8. Dorling, R.N., was
the Naval Officer in Command, Commander F. J.
Wylie, R.N., Experimental Commander, and
G. Shearing, Superintending Scientist, Others of the
scientific and technical staffs at this time were
F. Brundrett, W. Ure, W. F. Rawlinson, L. §.
Alder, C. E. Horton, A. W. Ross, J. D. §. Rawlin-
son, Ambrose Wilkinson, H. G. Hughes, H. Noble,
H. Smith, E. G. Hill, C. R. Evershed. N. Pember-
ton. R. A. Yeo, W. P. Andcrson, E. M. Gollin,
E. J. Grainger, and others whose names I do not
recall as 1 write, Yeo was at Orfordness and
Bawdsey at the time when I was there from 1935
onwards. He and Anderson and later C. F. Bare-
ford were working on the radio-location problem
from the Naval aspect, on the lines of that at
Orfordness, at a station at Eastney Barracks. My
office desk, sited in Ambrose Wilkinson's frequency
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standardisation laboratory was, however, not well
situated for my type of experimental work, so for
a time | was busy working on the theoretical aspect
of the transmission of eleciromagnetic waves over
a conducting carth and the sea. This was mainly
concerned with the interference between the direct
ray and the surface-reflected ray—a problem
analogous to that of sound propagation in the sea.
In the rudio case. howevcer, polarisation effects had
10 be taken into account and Sommerfeld's theary
of E.M. wave propagation, Brewster's angle. erc.
had to be invoked. I remember discussing this
problem with Watson-Watt at Orford and again
when he visilcd Signal School in July 1937 with
Professor E. V. Appleton. For the dcicction of
rclatively small objects near the surface of the sca,
e.g. a submarine periscope, it scemed 10 me on
theorelical grounds prefcrable 1o use very short
waves. of the order of cms., rathcr than the longer
waves, scveral metres, used for the detection of
high flving aircraft. At this time E. M. Gollin was
experimenting with a split-anode magnctron for
generating cm. waves lo be used at short ranges
for signalling and station-keeping betwcen ships
at sea. The theory of the magnctron at that 1imc
was rather obscure but J. J, Thomson’s clectron
theory and E. C. Megaw's work indieated that
the higher the frequency the smaller must be the
diameter of the cylindrical split-anode surrounding
the hot cathode. Even at a high efficiency this
implied that a single magnctron oscillator for cm.
waves could not handle much power without over-
healing. At tbis time also I was experimenting with
an infra-red method of detecting ships® funnels at
sca. In the [LR. case billions of E.M. oscillators are
involved and it seemcd an obvious step to make a
cm.-wave oscillator, e, a magnetron, into a
multiple svstem also. 1 skeiched out two such
systems. In one of these, two concentric cvlinders
with corrugated walls formed an annular ring of
small intcrconnected ‘split-anode” cylinders each
having its own heated cathode. In another, I
planned a cylindrical annular block having six or
eight smal! cylindrical holes, each with a slit leading
nto the central cylindrical cavity containing a
common central cathode, The whole of the
‘multiple magnetron’ was to be cnclosed of course
Inan evacuated glass container with the usual valve
technique. When [ showed 1hese sketches to Shear-
ing he seemed very dubious and said Hughes's
vitlve transmitter laboratory, which at the time was
making large silica valves for the fleel, was too
busy. At Orford 1 had pointed out to Watson-Watt
that the HF. pulses sent out by the radio-locator
lransmitter were operating at a very high voltage
for only a very small fraction of the total trans-
mission time—about a tenth of a millisecond cvery

fiftieth of a second, i.e. about s th of the total time
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It seemed to me that high voliage sparks could
excite a Hertzian resonator with much the samc
resull but with much smaller ‘installation and run-
ning costs.” In the spark method of course the
sequence of pulses would probably be somewhat
irregular compared with the valve technique, but
that difficulty might possibly be overcomc by
arranging that the transmitting spark should trigger
the C.R.O. time-base and so synchronise the trans-
nitted pulse and the received echo pulsc. With
O. L. Ratsey, who joined me in July 1937, I made
a few experiments with this ‘spark’ schecme. We
succeeded in producing good transmitted pulses of
the desired frequencies, using Hertzian tvpe
resonators excited by sparks and, later, Ratsey
suceceded in obtaining good cchoes from the pylons
on Portsdown Hill —the transmitter, erc. being
installed at Eastney Barracks. 1 could mention here
othcr important work going on in Signal School in
1937, e.g.. Radio D.F. by C. E. Horton and A, W.
Ross, Infra-red signalling by H. Smith and E. G.
Hill, Transmitting Sitica Valve research by H. G.
Hughes, Radio receivers by W. F. Rawlinson and
L. S. Alder, etc. Any detailed discussion of this
work is however best left to those who werc doing
it, if they are still *available’.

Significant events which occurred during the few
months in 1937 whilst | was at Signal School were
(1) in March, the Anti-Gas Course at Tipnor,
attended by Admiralty Swaffs in the Portsmouth
Command, to prepare us for possible surprisc Gas
Attacks, (2) 12th May, the Coronation of King
George VI. (3) 20th May. Nava] Review in Spit-
head, (4) 28th May, resignation of Prime Minister
Baidwin who was succeeded by Neville Chamber-
lain. Apart from the Coronation, of course, these
events could be regarded as a “sign of the times’.

In Oclober 1937, after about 10 months a1 H.M.
Signal School. | was appointed to bc Chief
Scientist at H.M. Mining School (later Mine
Design  Dcpartmenm), HM.S. Vernon on the
retirement of E. P. Harrison. As alrcady mentioncd
in earlier articles of this series I had from 1917
onwards been mwch inlerested in underwatcr
explosions and in the possibilities of Non-contact
Acoustic and Magnetic mines. Loop detection of
submarines, esc., which were the primary concern
of Mining School, Portsmouth. On many occasions
I had worked at Mining School in co-operation wilh
members of the Staff, so I was not a ‘stranger’
when I arrived. At the time of my arrival Com-
mander R. H. F, de Salis, R.N_, was Superintendent
of Mine Design and Captain A. U. Willis, R.N_.
was Captain of Vernon. F. B. Shaw was Chief
Technical Adviser and other members of the Tech.
nical and Scientific Staffs were F. Pickford. W. R,
Steele, H. J. Taylor, J. H. Powell, E. C. Wadlow,
A, C. Main, G. F. Turner, L. C. B. Johnson, F. J.
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Tindall. H. Gollop. J. B. Swann. N. E. Noble.
F. Pcarson. G. L. Turney, H. Rowe, W. F. B. Shaw,
H. W. K. Kellv, G. N. S. Farrand, F. L. Hill.
W. A. Day. A. C. Edwards, J. T. Crennell, T. P.
Rigby who was with the B.L.R. staff in the Aberdour
davs in 1916 was now in charge of the Mining
workshop. It is hardly necessary lo say that the
main concern of Mine Design Department was
mining but there were other closely related activi-
ties which formed a very important part of their
functions, sweeps for dealing with all types of mines
in existence or foreseen at that time, depth-charges
for the destruction of enemy submarines, indicator
and mine loops for the proteetion of harbours
against  enemy submarines,  Anti-non-contact
(AN.C.) protection of ships against magnetic
pistols of non-contaet torpedoes and mines,
researeh on underwater explosions and damage (0
ships. erc. The stall available, aboul two dozen
scientific and technical grades, was Jamentably
small 1o deal effectively with such an extensive and
important programme. The proof of this was
demonstrated after the outbreak of war when the
staff was inereased 1o five or six hundred. When we
came “face 10 face’. so lo speak. with enemy sub-
marines, non-contagl mines and torpedoes in large
numbers. the importance of the situation as it
affected the safety of the country became obvious
10 all. Even with our small staff, however, much
valuable information and hardware was accumu-
lated and when war did begin we were by no means
unpreparcd.

At this stage it seems appropriate (o give a brief
skeich of the state of things from late 1937 up 10
\he outbreak of war in September 1939, First con-
sider mine design. Mines can be divided broadly
into two elasses, coniact and non-eontact. an
alternative elassification eould be buoyant and non-
buovant (ground mines). 1L is not possible in this
brief summary o mention the many varicties of
mines which have been used in war and designed in
peace™’. 1 shall refer at present only to a few of
the more important types in course of development
in 1937, The old contact type buoyant mine with
its lead horn and glass tube eonmaining bichromate
and sulphuric acid, extensively used in the first
world war, was becoming obsoleseent and the horns
were being replaced by spike swilch horns. The
latter, when pushed aside on impact with the hull
of a moving ship. closed an internal switch whieh
fired the mine. Prolonged studies were made, both
on a full scale and on models of the oscillations and

* the *dip’ of bugyant nunes in a tideway, and on
various types of depth-setting mechanisms to ensure
that the mines were not exposed to view at low tide
and were cficient for their primary purpose. i.e.
did not dip too much when the tidg was running
strong. The contaet type miines were used in large
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numbers where wide channels had o be closed to
enemy ships, particularly submarines, in deep
water where ground niines would be ineffective. It
should be noted that all mines of whatever type
were subjected 10 stringent actuation and counter-
mining trials before adoption for service use. Even
a simple type of mine such as the spike switch-horn
lvpe gave a certain amount of trouble in both
actuation and CM. trials before a satisfactory
design was obtained. In 1937 two types of non-
contact magnelic mine were being investigated. One
of these. known as the A.-E. unil, was designed by
E. P. Harrison. assisted by G. L. Turney and
H. Rowe. This operated on change of resistanee of
annealed mmumetal wires due to change of ambient
magnetic field. 1t was known as a ‘total field” unit
and was very sensitive to small changes of magnetic
field whatever the direction. This ingenious deviee,
however. never got into service in a mine but was
sometimes used as a magnetometer in magnetic
survevs around steel ships. The other type of
magnetic mine unit was designed by L. C. B.
Johnson and was known in its early stages of
development as the C.R. unit. later 1o be incorpor-
ated in the C. type J. and M. type E. magnetic
mines. C-R. signifies eoil-rod —a #anetal rod
about two inches in diameter and three or four feet
long (dimensions varied aceording o requirements)
and wound with a coil several thousand turns in
which is developed a considerable e.m.f. for com-
paratively small changes of ambient magnetic field.
This e.m.f. is capable of opcrating a sensitive
moving coil relay and firing the mine. The C.-R.
unit was tried out in both buoyant and ground
mines. Buovant mines. however, oscillate trans-
verse 1o the direction of tidal flow and the pertur-
bations due to this motion in the earth’s magnetie
field sometimes cause the C.-R. unit to operate the
relay. As a ground mine which, after laying,
remains at rest on the sea-bed, the C.-R_ unit was
very successful. 1t could be laid in any steady
earths magnetie field whilst retaining its full
sensitivity (o a change of field such as that pro-
duced by a submarine or a sicel surface ship
passing over the mine. Ground mines of all types.
including the C.-R. unit, were of course designed
(o be laid either from ships or from aircraft. In the
latter case dropping trials were necessary. as well as
the usual actuation and eountermining trials, 10
ensure that the components were not damaged on
impact with the sea. In addition to the C.-R. unit.
Johnson also devised an ingenious and simple
device in which a small mumetal rod was pneu-
matieally fired into. or out of. a coil generating an

o Fer a comprehensive descriplion of mines, elc., s¢¢
Capt. J. 5. Cowies book on * Mines, Minclayers and
Minelaying. Oxford University Press. 1949,
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e.m.f. proportional to the ambicnt magnetic field.
This * pisto]l magnetometer ™ as it was called was
uscd extensively in the magnetic survey of ships.
providing valuable information which was used in
the design of magnetic mines and. during the war,
on the pljoblem of demagnetising ships to protect
them against encmy magnetic mines.

As mentioned carlier, T had designed an acoustic
non-contact mine unit (the Shunt-relay unit, with
chattering contact and anti-countermining device).
This N.C. unit was available at the time of which
1 am writing, but was nol being considered then as
a likely “runner. Reference will be made to this
later., however. when enemy acoustic mines
appeared !

Another mine being developed by M.D.D. al
this time was the antenna minc which was first
devised in US.A. dunng the first world war, This
mine although clectrically operated shouid be re-
garded us a contact minc having a much increased
radius of action as compared with the *horn ™ con-
tact mine. In principle it depends on a sca-waler
cell formed by the negative steel hull of a ship and
the positive copper electrode of the mine. The
buoyant mine carries above it a long antenna wire
(50 ft. long) having a small float which s sub-
merged about 10 ft. below the sea surface. The wire
passes through an insulated gland into the mine
where 1t is connected 10 a relay conirolling the
firing contaets of the mine. A steel ship, making
a good contact with the float or the antenna wire
causes a curren! to flow through the relay 1o the
copper plate and fires the mine. In some cases an
additional antenna about 80 ft. long was filted be-
low the mine also, forming part of the mooring.
This was of use against submarines in deeper water.
The chemical section under H. Gollop were mainly
responsible for the research and development of the

antenna mine which had many teething troubles of
an electrochemical nature. They also developed a
Staybrite jumping wire as a net indicator for sub-
marines. Contact of the Siavbrire steel wire with
the mild steel mesh of the net giving a change ot
clectrical potential which was indicated in various
ways—pointer. red light and/or bell—inside the
submarine. H. Gollop, F. L. Hill and later V. Flint,
J.T. Crennell, G. N. S. Farrand and A. C. Edwards
developed many ingenious vital " aceessories ™ for
m.res—soluble plugs of various kinds. electrolytic
(crpper) time delays to replace cxpensive and com-
plicated elockwork mechanisms. Thev also de-
vcloped.an improved electrode method of detecting
submarines as an alternative to the * loop ™ method.
under the new description of U.E.P. (Underwater
ilcclr:c potential). H. M. Kelly and I designed a
ery small and simple magnetic unit (M. unit)
which could be used in buoyant mines as an
aliernative 1o contact horns. 1t would operale at a
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The microphone from a German acoustic mine.

distance of 3 or 4 fi. from the steet hull of a sub-
marine and was immune to the normal movements
of a buoyant mine in the sea. A portable magnet-
ometer was designed on the same principle, proving
useful and convenient in exploring magnetie ficlds
around ships in dry dock.

Either just before or just afler the outbreak of
war | provided D.T.M. (Director of Torpedoes and
Mines, Admiraity) with a list of possible mines, with
suggested sweeps. which the enemy might use. This
list was based on the physical characteristics of
ships—magnetism. noise. water displacement, erc.
—which eould be utlised in designing a mine. It is
of intercst to note that one of the mines on the list
was Lhe pressure mine which was later used by the
enemy and known as the ovster mine. We had in
November, 1940 (at W. Leigh) prepared designs for
such a ntine but it had not been laid as there was at
the time no satisfactory method of sweeping it.
~ Up to the outbreak of war the only depth charge
in service was the one designed by H. J. Tavlor and
used extensively in the first world war. This depth
charge in its cylindrical ease, known as the *ash-
can.” carried a 300 Ib. eharge of amatol (T.N.T.
and ammonium nitrate) and could be set to
dctonate at any of six depths between 50 and 500
ft. Iis rate of descent was about 10 ft. per second.
It was dropped or thrown in patterns of five or tlen
in one or kwo more-or-less superposed lavers, ae-
cording to the depth of water. The efliciency of this
method of destroving a submarine or compelling it
to surface was known io be rather low. Con-

sequently much thought and discussion was con-
eentrated in an effort 10 improve il. Assumptions.
based on explosion damage trials of the radii of
lethal and serious damage to a submarine of
average dimensions, speed of submarine, rate of
entry and of sinking of depth charge, erc. were
made in attempts to caleulate probabilities of
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‘ destruction under various circumstances. Consider-

ation was given to the best use of the explosive.

whether to usc it in one large non-contact charge

or in numerous small contact charges. As depth

' charges of whatever kind were to be used primarily

by A./S. vessels whose duty was to detect and locale

the enemy submarine, it seemed only common sense

that the planning of the techniques of depth charge

attacks should be made by the co-operation of

both explosives and A./S. experts. Consequently

periodical monthly meetings were arranged Lo be

held aliernatively at M.D.D., Portsmouth, and

H.M.S. Osprey, Portland, (o discuss these matters.
F. B. Shaw, myself, F. Pickford, H. M. Kelly from

MDD, and B. S. Smith, W. E. Dawson from
Osprey. as well as naval AJS. officers, were usually
present. These meetings served a very useful pur-
pose and provided a basis which was used later
{during the war) for thc design of depth charges and
methods of attack. e.g. a large number of small—
or a small number of larger fast-sinking depth
charges. Osprey made a multiple small-charge
experimental thrower and M.D.D. experimented
with patterns of larger chargcs, but it was not until
the war Lhat the < hardware " aspect of the problem
was pursued energetically. The possibility of a
magnetic non-contact depth charge pistol on the
lines of the mine C.-R. unit had been considered.
but so far as | know very little was done about
it. In the early days of the war Professor P. M. S.
Blackett and Dr. Williams made some experiments
with an electro-magnetic rotaling non-contact
depth charge pistol, but I do not remember it
reaching service use.

in the first world war buoyant contact mines of
the horn and antenna types and non-contact
ground magnetic mines had been laid, whilst
acoustic non-contact mines were ready to lay when
the war ended. Paravane sweeps with mooring-
rope cutters were in general use for all types of
buoyant moored mines, and cable sweeps of the
A. and L. types were used at the end of the war 10
clear our own magnetic minefields. This was the
minesweeping position just before the second war.
The A. sweep, for magnelic mines, was a loop of
cable towed astern of two ships. carrying sufficient
current 10 sweep M. mines as it passed over them.
The " return® current was carried by “earths ™ at
each ship. The " Single L." (longitudinal) sweep was
a straight cable with earth return towed by one
ship. The main objection to the A. sweep was the
difficulty of sweeping a buoyed channcl without
- sweeping the buoys and fouling the moorings of
ships. Experiments were made al M.D.D. with the
L. sweep carrying direct currents of the order of
10 amps. in experiments 10 sweep M. Lype E. mines
(C. 1ype J. magnelic units). but the ranges with
currents of this magnitude were. not surprisingly.
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rather small. Other alternative magnetic mine
sweeps which were tried were towed permanent bar
magnets (&) arranged al intervals along a loop of
cable like an A. sweep and (b} larger and morc
powerful magnets on towed lines like the L. sweep
astcrn of a single ship. Therc was of course a risk
of losing the magnets when towed in this manner
over a rough botiom. In january 1939 at a mcet-
ing at the Admiralty consideration was given (0
the design of a large electromagnet built into a ship
to sweep M. type E. mines at a range of 300 ft.
ahead of the ship. The weight of this magnet
estimated by myself at M.D.D. and S. Butterworth
at A.RL. seemed prohibitive at 200 to 300 tons,
but in the sequel afier the war started it was built
and was suceessful in sweeping encmy magnetic
niines in the manner envisaged.
Soon after my joining M.D.D. staff in Vernon
in October 1937 I attended an AN.C. meeting at
which Captain John Carslake was Chairman,
ANC. indicating *Anti-Non-Contact’ and relating
10 the protection of ships from non-contact tor-
pedoes with magnetic pistols and possibly also non-
contact magnctic mines. The method of protection
1o be used was to magnetise the ship very strongly
by a current-carrying cable in a horizontal plane
surrounding the steel hull. To deal with magnetic
ficlds of both "red” and 'blue’ polarity alternating
current of 1 c¢fs was employed. The cable
current used was 1500 amips. and 45000 ampere
wrns. When I witnessed the trials of this system on
H.MS. Curagoa al Weymouth in April and
May 1938 it was quite successful in touching off the
magnetic pistol of an approaching torpedo at a
fairly safc range. The effect of the large magnelic
lield developed in the ship was wonderful to behold!
Pendulous ferrous objects such as hanging stcel
chains and the like were set into forced oscillation
al 1 ¢fs.. making a weird speciacle! At the first
A.N.C. mecting which I had attended in 1937 [ was
shocked at the idea of magnerising a ship to prolect
it against magnetic pistols. I said it was playing into
the hands of the enemy. as it was much easicr t0
muke a very insensitive magnetic pistol than a very
sensitive one. Why not try Lo de-iagrielise the ship
instead ? Captain Carslake and G. L. Turney dis-
agreed and the Curacoa was magnetised. to
followed later by similar treaiment of H.M.S. Iron
Duke. In the event, after the war started. it was
our job to take out of these ships the magnetism put
into them by AN.C.! It will be inferred from mY
remarks that 1 thought magnetising a ship to pro-
tect it was a bad thing; 1 thought so thenand 1 think
SO NOw.

One of the M.D.D's duties was to provide pro-
tection of our harbours and approaches against the
cntry of ecnemy submarines, exeluding harbm!l;r
defence asdics which was the coneern of HM.S
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Osprey, Portiand. The method ultimatel sed i
O oo T ( y used various ways, For example, in January | -
indicator Icl;)ops‘ on l]):csggf\ﬁffsl }}’dﬂs the use of  bers of the staffs of Naval csmblishnle'nlsgi?lich‘l:iw-
o (e hacmeare o T}r] si dq and ‘mine Signal School and M.D.D. Vernon, were '1l[cndin&
e 2 warning of (e a. rog ;]n 1fcai110r loops Anti-Gas Courses at Tipnor in ahlicipa{ion of f
DT narring of the : p‘pconﬁ ' of the enemy  possible gas attack. Again in September 1938 sea-
subagins and the min destrr) Nlaining ns‘.shore- men were digging trenches in the grounds of th
s 1o b e i e?;{l'”. Thei design of Gunwharf, H.M.S. Vernon, and gas masks we e
cable on the sea-bca was no[t)\vﬁl;g%tlilzsbgif;”?c%q:iezf llzjzg(r:ﬂa[o lllgagi;ilian s of M'D.[-)" f“)llo;ved lrs
o Nobio 1 , ' s s. ke ry v tests in a tear-gas chambe
ersmn ot ‘I:VI l-]Ij _lé)?“_‘]: agccl) ICSR:;::(md?rsO J‘amcs and after the coronation of King G%E)brg: l\n’]lbarﬁ SI%?II:
o O 1 Atlstbu n ?A Fiprey and  May 1937, Prime Minister Baldwin retired and was
S ot the problc}n A ry_g R.L.made succeeded by Neville Chamberlain. and a s cc-
s e e and, provi ed solutions to  tacular Naval Review was held in Spilhc';d ‘l'i"h
urbations. to such :;n cxlenﬁiul:lr[d]lhgl?c:%cl)l;:l(z:gl?lz gzll'[;]aﬁf N(c:lvil}:C U e I—iill.er iﬁ
] ] : s I y and the ‘piece of ' epis : ;
SZ:]Z% lm]fjngoeits S‘Ub?(:s;;l]e []oc;[? sighaturcs above the history and rcqur'{:: lfO cg?]!)lf];n? Ihgtgl en‘:ir:enox
generml  noi La[iludc Lolgvc '|‘rc‘felr-r8d carlier matter of more personal intcrest o me in 'thi*;
tions for similar trials werep bcinr:';l ;‘rrarrjl;;ccl()lnr?l; ll);{lllo (é)c\:\{g}l;elhclg??llhl c;f clf o]:d Rutbertord on ihe
] ] ¢ r. . I had known hi S
:])ijﬁb;; rsgs?ef(;rf l\lll?crllgili-;:naclul.gjfc:& )I(Ice]and)_ The 1909 and in various ways had bcc:: ill]llgio\svedclo:\lllzﬁ?
main purposc of the exisl me of | .D.D. was of with him up to the time of his death, It was through
o encm_\T i [i)n \:varlin::zn \ gug‘["hgrfw:ﬁg zllll.:'c:;llljg%eén)o:} lhiagtlg jc;)inccl the Admiralty servi!éc
. _ time. A \ LR} in . During st we :
lcjt:“;ﬁts iﬁ]fpgﬂ);gz?nﬁl ur:g‘e;:: w Ltncr was therefore of he was closely concerned, as a [\I*]eer h;::ti\tzolﬂgn:)gr
prime importance. ]oqli)o ous parts ofkthls serics I of the B.LR.. with the research fgr the Nav nc;
e oetoic cl?u[l-\odn pressure measurement hy retaned a lively interest in it for the rest of‘ hi); laif
the piezo electric d'lmaae :ay.l?bm‘lh‘)graph mclho_d As is well known his work on alomic‘phwic:; anil-
and its relation 1o j{m m(; c:hh ;ips- structures, This  his theory of the nuclear atom form the Ba;§§ of ou
sork, com Con[inued- b‘ t rH ep r.sl]war ended. was  present-day knowledge of nuclear physicsl Hc \?'a:
now beii contin DNyC '(D-jrc(?:v“atlg—d'DD' In alwavs an advocate of the possibilities ;:;f alomi;:
co-operat cxperimcniq C ( Jir clor odf aval Con-  power for peaceful industrial and research purposes
struction) expe char-gcq re Smg made on damage He would, without doubt. have been slr%nﬂl”
by unc T e s f z%nou_clls sizes and at opposcd to its use for atomic bombs, exccpt‘ crhz;)‘{:
vario rcpreseniing ‘qeg'im{’- (}5 'an" _fu_ll-s:zc struc- as a deterrent. The first of four volumcs‘pof h[?s
e epresenting sectio 510 (Sd gnp.ls' hull. The collected papers has just been published under the
Chatham Fle J ubmarine section), editorship of Sir Yames Chadwick ™"
were mples of lh_ls type of full scale damage S ) I
me _rc;ceg]rzw.or[;a Jsaé;]w ll:c war, m January 1943, bc'rl'hfgan;w [ahblc crisis came on the 3rd of Septen-
1o such an extent lhrat r explgslons had grown German fw er; vasion of Poned. o Fhiter s
o uch an extent qe" r”[ was agreed by the ¢ mclc[i);] a 1c:: the invasion of Poland. On the 17th
dealing stk o .lpﬂ ate establishment** for Admimal g was called very early am. at the
namrec ge scalc engincering work of this ‘ mrrz! ty to dl:,cug;s_ immediate steps 1o be taken
: as a result of the mining of The City of Paris. Non-
conlact mines. magnclic mine sweeps. huovant
mine sweep delectors were among other items
urgqn(ly discussed. Darwin's, Turtons and Swift
Levick’s of Sheflicld were urged to supply large
quantities of permanent magnel steel for M. éwcteﬁs
F._ B. Young (who on 20th Seplenbcr returned
from retirement*), S. Bullerworth and myself
ey E;t;rcq&lggpr::}nﬂg ;}:ﬁ:estl'gn of current carrving cables
. S ¢ 1%
0..\1_,C orl_fc;:lgd P@;(:;rs cI)f Lord Rutherford of Nelson, Which was still u:‘fé‘(:crtlginnj::{cisvllllhe exmm—lcc o
Londan, 1962) . (Publisher George Unwin, The day following thi iscussion e e know,
., Lon 3 e y following this discusston the First Lord
O-Cm‘;c:’%g% ailapc::inlcndent ARL. retired on 10 ?’e:.v]:?»:qdn(]:llra“y' Mr. Winston Churchill, came to
e, 199 an Ju‘::'s ?ggceeded by's' Chaffer. The (oo and a week later Professor Lindemann was
b died on 27 § 5. F. B, Young joincd my re also. High speed (20 knots) M. sweeps were
dectanTy. . in September, 1939 after war was designed and comstructed using large cobalt steel
bar magnets mounted like an A. 1ype cable sweep
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Young, Buiterworth and 1 also discussed, both at
M.D.D. and A.R.L., the possibilities of demagnet-
ising steel ships by cables wound in a horizontal
plane round the hull, and on 10th November, 1939,
S. Butterworth and N. F, Barber came to0 M.D.D.
to plan, with Young, Lakey and myself, the possi-
bilities of demagnetising a destroyer, in contrast
with the Curacoa A.N.C. method of mwgnerising
it much more strongly, a method to which refer-
ence has already been made. On the morning of
Thursday, 23rd November, 1939, I was attending
a meeting on M. sweeps with D.S.R. (C. S. Wright)
and Sir Frank E. Smith at Westminster when I was
requested bv ‘phone to go 1o Southend where a
German parachute aircraft mine was exposed on
the beach al low tide. Rear Admiral Minelaying
arranged for a car to take me to Southend and
thenee to Shoeburyness where I met Commander
Maton. Lt. Commander Quvry, L1 Commander
Lewis, Warrant Officer Baldwin and (A.B.) Vearn-
combe. | was equipped with waders and a bull-
lerrier followed me out to the mine around which
Ouvry, Baldwin and Vearncombe were stunding.
I met Lewis on my way oul and he held a small
aluminium object in his hand which he thought was
the magnetic mechanism of the mine and proposed
opening it o see. 1 advised him to wrap it in cotton
wool and send it by car to Woolwich Arsenal Lo
be X-rayed—it turned out to be a bomb fuse! On
arrival at the mine the bull-terrier began ‘ ratting’
under the horned (anti-roll) nose of the mine which
had a diaphragm about four inches diameter fitted
in it. This dinphragm made me suspect the possi-
hility of an acoustic firing unit. although the
aluminium body of the mine suggested a magnetic
pistol. 1 sent the bull-terrier home ! The process of
recovery of this mine, and another one like it about
200 yards awayv. and the subsequent examination
of s contents in M.D.D._ Vernon, is descrihed in
a report which T dictated on my return to Ports-
mouth®* . Tn the conelusion of this report it was
stated: ‘I is clear now that the German Mine is
of the pivoled magnct type operating on changes
of vertical magnetie fieild . . . in the direction of
N.-pole downwards —a feature common to all
steel ships in N.-latitudes. Assuming all the
German mines possess this characteristic (although
it certainly does not apply to British M. mines),
then a simple method of making ships immune at
once presents itself, i.e. to magnetise the ships so as
1o have no north pole downwards, or if any polarily
is shown it should be south downwards—a method

. obviously simpler than that of de-magnetising . . .’

The recovery of the magnetic mine had of course a
very important influence on methods of sweeping
as well as indicating how o make steel ships safe
lo pass over them, Copies of the M. upil were made
and used on ranges to test ships which had de- or

re-magnetising coils fitted. Subsequently magnet-
omelers, loops, etc. were used, instead of mine
replicas, to measure the residual fields beneath
ships fitted with demagnetising coils. In course of
time enemy magnelic mines were made bipolar,
operating on either N.- or S.-poles, and more
sensilive, This made demagnelising more diffieult
and mine-sweeping easier. The first N.-pole mine
required about 50 milli-gauss to fire it; about a vear
later the M. mines were N.- or S.-pole operaling on
=20 milli-gauss. Later mines were fitted with
automatie latitude adjusiment to compensate for
amhient magnetic field, and sensitivities were in-
creased for actuation by only a few, 4 or 5 milli-
gauss N. or S. change of field. Soon after the
outbreak of war Captain R. F. de Salis, Super-
intendent of Mine Design (S.M.D.) left for active
service on Minelayers and Captain G, B. Riley
hecame Naval head of M.D.D. [ was made Super-
intendent Scientist in June 1940. Immediately after
the recovery of the German magnetic mine on 23rd
September, 1939, we had a constant stream of
visitors, some * jusl curious.” others anxious 1o be
helpful, On 19th December, HM, King George VI
came to M.D.D. and Quvry and I showed him the
German mine and demonstrated the mode of opera-
tion. Admiral Darlan (C.-in-C. French Navy, and
later during the German occupation of France,
head of the French Republic, eventually assassin-
atecd in N. Africa) came lo see the enemy magnetic
mines at M.D.D, on 22nd December. On 13th
January, 1940, The Right Hon. Winston Churchill
with Mrs. Churchill and their daughier Mary came
1o see the German magnetic mine. Mr. Churchill
took a very kecen interest in the operation of the
mine, firing a detonator by waving the N.-pole of
a magnet near it and explaining to Mrs. Churchill
how it worked, He was obviously very delighted
and could see the imporlant implications, in respect
to protection of our ships. Lord Chatfield and
Admiral Wake-Walker, Admiral James, Sir Charles
Darwin, Professor Blacketl. were other visitors al
this time. Some time later, in April 1940, Admiral
Fenard who later suceeeded Admiral Darlan (in
high office in France) afier his assassination, also
came 1o see our collection of German mines and
spent some time in M.D.D. to assimilate the deails
and counter-measures. Just before his return to
Franee he invited Commander Oliver Bellairs,
E. C. Bullard and me Lo lunch at the Queen’s Hotel,
Southsea. The historical events which followed in
France madc these visits of Admirals Darlan and
Fenard one of our outstanding occasions ! Com-
mander Gelix visited me frequently about this

™ German Aircrall Minc dropped near Shoeburyness
on 22 November, 1939, Summary No. M.S, 684/Nov.,
1939, Sce also Summary No. M.S. 688/Jan., 1940 for
[urther details.
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time. He was a French liaison officer who took a
very keen interest in all the happenings at M.D.D.
at this time. On 6th December, 1939, | gave a
demonstration of the German M. mine al A.R.L.
and discussed also various methods we proposed
to protect ships against it and methads of sweeping
it. Present at this demonstration were Sir W. H.
Bragg, Professor W. L. Brage. Professor G. P.
Thomson, Dr. A. O. Rankine_ Sir Henry Tizzard,
Sir Charles G. Darwin and members of A.R.L.
staff. Experiments we were making with small scale
L. and LL. sweeps were described.

In January 1940 Commander G. B. Sayers, who
had succeeded Commander J. S. Cowie. left M.D.D.
for other Naval duties and was replaced by Com-
mander G. Thistleton-Smith as Commander M.
We were in very close collaboration throughout the
war mainiy in regard to the recovery, examination
and countermeasures relaling to enemy mines. He
became responsihle for a group of very gailant
Naval officers whose primary duty was the recovery
of enemy mines. They were subsequently known as
“The Suicide Squad’. One of my staff, L. Walden.
worked with them and was present at the ‘making
safe’” and recovery of many of these mines. Walden,
and Lt.-Commander Armitage. received the George
Cross for this work, Licutenant Glenny the D.S.C..
and others were also ‘decorated’. H. M. Kelly who
received the M.B.E. decoration, and N. Thompson
on my staff became responsible for the inspection
of enemy mines which had been brought in by the
Suicide Squad and for issuing detailed instructions
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The first German magnetic
mine recovered ar
Shochuryness,

lo the Suicide Squad regarding the methods of
handling enemy mines, i.e. what to do and what not
to do. On 8th August, 1940, when a German mine
(lype C) was opened in the Mining Shed on the
Gunwharf an explosion took place and several
men were killed or wounded. This mine was about
the 9th or 10th mine hitherto examined. Kelly and
| had been present at the opening of the carlier ones
but fortunately. for us, we were away on duty else-
where on this occasion. Recovery of fragments of
the exploded mine showed that the main charge had
nol delonated. The fragments revealed certain

0l

View of the magnetic firing wnit and A.CM. pendulim
of the first German magnetic mine at Shocburyness.
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unusual features which indicated that a small booby
trap charge (a few pounds of T.N.T.) had been fired
by a swilch which closed when the rear door of the
mine was removed. A portable X-ray van from
Woolwich Arsenal was requested for the inspection
of the next mine before opening—Messrs. A. R.
Greatbatch, W. J. Wilishire and D. E. Barnes
operating the X-ray apparatus. It was then found
as we had suspected that a booby trap switch was
located just insidc the mineshell near the flange of
the rear door. It then became the rule that all enemy
mines must be X-rayed before opening and a 400
kV. Viclor X-ray outfit was ordered, the Woolwich
cquipment and staff being employed until the new
outfit arrived and was installed in a chalk-pit at
Buriton (near Petersfield) on the South Downs. For
official purposes this place was known as Mirtle
Range’. Here L. Walden was in charge of the
routine X-ray inspection of mines before opening
them: for examination. The X-ray apparatus was
remotc controlied so that the worst that could
huppen, if a mine under test were to detonate, would
he the loss of the apparatus. A second X-ray outfit
was ordered in case of such an eventuality but it was
never required. Mines which could not be brought
to Buriton and were not easily accessible were
examined on the spot by means of gamma rays from
a | gram radium (ube speecially purchased for this
purpose. This tube of Ra was left in the custody
and for the use of a London hospital when not
required for mine examination. It would take too
long to describe even briefly the various types®
of magnetic mines used by the enemy. They con-
tained some beautiful examples of good mechanical
and electrical design which, fortunately for us, were
rather complicated and must have been expensive
1o produce. Clockwork devices were used some-
what lavishly—{a) for switching on the firing circuit
after a sufficient time delay after laying the
mine, (b} counter or ‘clicker’ (Zahl kontact) clocks
1o prevent firing until the mine had been actuated
‘n" times (up 1o 12 usualiy} lo make sweeping
operalions difficult, (¢} 1o scuttle the mine after a
certain predetermined time had elapsed after laying
() clocks for automatie latitude adjusiment, efc.
Mincs were not only laid from aircraft, but also by
ejection from the torpedo tubes of submarines.
Samiples of these were oblained from a captured
German lrawler masqucrading as a Dutch fisher-
man near Scapa. The B.M. 1000 was an interesting
magnetic mine, the first news of which came to us
from a German prisoner — B.M. meaning Bomb
Mineg, a bomb if it hits a ship or the ground, a mine
if it falls in the sea., When we recavered a badly
damaged one which had fallen on land it was found
to be shaped like a bomb with an ogival nose, and
was dropped from aireraft without parachute. On
removal of the rear steel cover of this mine a seeond

cover, like a top-hat in shape, which had two
broken platc-glass windows about 3 inches
diameter, was revealed. The mine had only partiaily
detonated and on examining the debris under the
second cover Kelly and T discovered broken bat-
teries and relays and the bent scnsitive plates of two
small photo-electric (selenium) cells. The latter
could only ‘make sense’ if light actuation was
intendcd via the two plate glass windows, which
were normally in the dark under the outer rear
cover of the mine. This could only be an optical
booby trap —to prevent inspection of the mine,
Notices of this were iinmediately issued to the
‘Suicide Squad’ instructing them to open B.M.
1000's only in the dark or in very subdued light.
Soon afterwards a more perfect specimen was
recovercd—confirming our conclusions about the
optical booby trap. Laler we received a signal from
Suez notifying us Lhat ‘the Germans are using a new
mine, the B.M.1000, which is fitted with two plate
glass windows bchind which can be seen, with the
aid of a torch, two carbon granule microphones but
there is no booby trap * ! Someene in Suez had been
very lucky ! One night in August 1940 low flying
aircraft were seen to drop parachute mines deliber-
ately. one in a field at Southwick {Boarhunt) near
Portsmouth and another, also in a field at Puddle-
hinton (ncar Dorchester). Both were typc C German
minesheils. The one near Portsmouth was badly
smashed due (o the explosion of a small auxiliary
charge and contained an ineresting and mis-
cellaneous collection of booby traps but no main
charge. Commander Thistleton-Smith and some of
his Suicide Squad assisted by Walden went to
Puddichinton armed with a trepanning tool with
remote control (designed by Oliver Thornycroft),
to cut an inspection hole in the ntine shell. But the
trepan eutter jammed and Commander Thistleton-
Smith decided 10 open the mine a quicker way by
atlaching a small charge to the shell and firing it
electrically from a safety point behind a wall
surrounding the field. This charge having been
fired, the party proceeded towards the mine across
the field. They were well on their way towards it
when a second cxplosion occurred ! This was no
doubt due to the booby trap charge in the mine
having operated via a time-delay. This mine also
contained a collection of booby traps. The infer-
cnce which we drew was that M.D.D. (Portsmouth
and A.S.E.E. (Portland) scientific and technical
staffs were not popular in Germany and these two
mines were speeially sent from Germany to creale
vicancies !

With our rapidly growing staff—recruited from

*n etailed descriptions of the German magnelic and
other types of mines arc to be found in various
M.D.D. reports (M.S. Summaries and $.5. Reporis)
from November, 1939 onwards.
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N.P.L., BE AILR.A., Greenwich Observatory, the
Univcrsities and Technical Colleges, erc.—it became
increasingly necessary to find additional accommo-
dation. Early in 1940 we expanded into the
evacualed Old Grammar School (for laboratories
for the scientifie section), Commercial Buildings
(for main offices), The Washington Hotel (for
Dr. H. R. Hulme’s D.G. analysis section) and the
Clarence Pier Hotel (for Dr. Bullard and Com-
mander Hext Lewis’s D.G. Section). Many heavy
air-raids during June, July and August 1940 which
did much damage in Portsmouth seriously hindered
work and caused us to evacuate on st September,
1940, to West Leigh and Leigh Park, Havant, five
or six miles out of Portsmouth, Here we had much
more commodious accommodation and wasted
much less time in shelters during air raids. The
D.G. and Commander M.’s sections came out to
Wesl Leigh soon afterwards for the same reason.
In September 1940 Dr. Hulme's D.G. ranging and
record analysis section moved to Ardencaple Castle,
Helensburgh, Dunbartonshire. Rumours of im-
minent German invasion resulted in many of us at
Woest Leigh and Leigh Park doing a spell of rifie
practice at the Tipnor range !

To introduce a little light relief into what may
seem a rather dull narrative 1 propose at this point
to refer to an episode which oceurred in March
1940 and, to me, was rather unusual.

In the afiernoon of 7th March Captain
G. Middleton “phoned from the Admiralty 1o say
that | was required at the Admiralty immediately
with my passport as I should probably be going
“abroad’ by air. No explanation could be given on
the ’phone but the matier was very urgent. I
guessed it was to fly to Cherbourg re d - g, but it
wasn’t. J. T. Crennell drove me in my car to
Havant station 1o catch the Portsmouth-Waterloo
train—but there I discovered it wasn't due to stop
at Havant. However I persuaded the slationmaster
at Havant to stop the train by putting the signals
against it ! So [ reached the Admiralty without loss
of time. There I mel Captain A. G. Talbot
(D.A_/S.W.—Director of Anti-Submarine Warfare)
and Lt. Commander E. C. Bayldon, who explained
that we were 10 go to Spain (possibly Bareelona)
to meet a German who had secrets to sell for a
large sum of money in cash. He, the German. was
said to carry a revolver so Caplain Talbot was to
do the same. Treasury officials brought us the
money in Bank of England notes in a diplomatic
bag, which we later referred to as *Adolf’, and
amply sufficient money for travel, Discussions with
various people, N.LD., Treasury officials, erc. went
on unti] late, and that night I spent in Captain
Talbot’s flat. The next day we had more discussions
and instructions at the Admiralty when we were
told to ‘proceed by night train to Plymouth and
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Mount Batten, where after breakfast we were to
fly in a Sunderland scaplane to Gibraltar, There we
should be bricfed by somcone in the office of the
Admiral Superinlendent, Admiral Sir Dudley
North, C.-in-C. Gibraltar. On arrival at Gibraltar
in the late afternoon we were informed of the sort
of secrets the Germans had to sell and that arrange-
ments had been made for us to meet him next day
in Jerez (pronounced Hercth). At the desk at the
Rock Hotel we were informicd by a Spanish clerk
that the hotel was full bul Captain Talbot
demanded to see the manager and two rooms were
forthcoming without delay! T. and B. (Captain
Talbot and Li. Commander Bayldon) shared a
double room on this occasion and always after-
wards, as they had charge of *Adolf’. The next day,
Sunday. after lunch, Captain Hilgarth (Capt. H.).
Naval Attaché from Madrid. met us in his car and
took us across the Spanish Frontier without inspec-
tion or ‘dating entry’ of our passports. Al Jerez we
went to Williams and Humboldl’s Sherry Bodega
and, eseorted by Mr. Williams, duly sampled the
best sherries in Spain. Then we were laken to meel
Mr. *Wainwright™ (Dorfer) in a summerhousc in the
grounds. He wanted the money before disclosing
his ‘secrets’ bul of course we didn't fall for that.
He was a good-locking young fellow—Ilooked a
Naval officer type. He said he knew all about the
defences of Singapore, which was interesting but
seemed a bit irrelevant to the purpose of the
meeting. After more fruitless talk we decided to
conclude our first meeting and meet again in Sevilla
the next day. He said he was being followed and
daren’t risk staying long in one place. Gomez Beare
{(G.B.) took Mr. W. in his car that evening (0
Sevilla and we followed in Captain H.s car. On
reaching our hotel {Andalusia Palace) Captain H.
left us and returned to Madrid. Next day Captain
T. met Mr. W_ in a restaurant and gave him a few
pounds for his travelling and hotel expenses in ex-
change for the formula of a new German explosive
which Mr. W, said was much better than anything
we had. Captain T. brought this formula. which
Mr. W. had writien on the edge of a newspaper, to
show us in the hotel. 1t was the formula for nitro-
glycerine with a slight error ! In the hotel later that
day we met the two British agents RM. and A.D.
who told us the earlier history of ‘ Dorfer* who
had three secrets to sell:

fa} a new explosive,

(b} a pround n.c. mine which could leave the
sea-bed on the approach of a ship and
behave like a torpedo to sink the ship, and

{c) a harbour defence A.S. scheme (alternative
to and much more effective than loops).

That evening we left Sevilla in G.B.”s car on the

way to Madrid where a further meeting with Mr.
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W. was 10 take place. We spent the night at Merida
in a queer little hotel {more like a prison—with
thick walls and bars across slits of bedroom
windows). We had been instructed not to recognise
R.M. and A.D. when they arrived later in their
own car and we were 10 leave early about 4 a.m. the
next morning for Madrid. As usual T. and B.
shared the same room with ‘Adolf® and the ‘gun’.
On the road to Madrid we had breakfast in a rather
primitive wayside inn where the only choice on the
menu was tortillas (omelettes fried in plenty of oil).
In Toledo, where we stopped for lunch, Gomez
Beare took us to a restaurant where the special dish
was a sort of winkles (like snails) which he said was
a favourite dish of Lord Beaverbrook. After lunch
we inspected the very interesting ruins of the
Alcazar in Toledo which had been bombed and
shelled by the Reds. There we saw some strange
and gruesome sights, including the swimming bath
{below ground) and cubicles which were used as a
temporary burial place by the besieged parrison.
We also saw the room where José Moscardo the
Alcazar general talked on the phone to the
attacking Red General. The latter said he had cap-
tured Luis the son of Moscardo but would release
him if Moscardo would surrender, otherwise the
boy would be shot. José spoke to the 19-year-old
boy on the *phone and asked him if he was prepared
to dic for the cause. The boy replied ‘yes’, there was
no surrender and he was duly shot by the Reds.
The walls and furniture of the small room slill con-
taining the telephone were pock-marked by
hundreds of bullet holes fired through the window
from the roof of an adjoining building, Moscardo
resisted the besicgers for 72 days before being
relieved by the troops of General Franco. In
Madrid we had several meetings with the Embassy
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officials and with R.M. and A.D. in their ‘com-
mercial’ office. The majority. against me, were in
favour of giving Mr. W. the money, based on the
argument that the country was spending over a
million pounds a day on the war so what was
n-leen thousand pounds! After the nitro-glycerine
episode in Sevilla and having heard what the
harbour defence system was likely to be, I wouldn’t
agree to pay! However, we waited two or three
days in Madrid for Mr. W. 10 come but he didn’t
lurn up. We had one afternoon ‘off’ to see the
world-famous Valasquez painting in the Prado Art
Gallery and Museum, Then a message came (o say
that Mr. X, would meet us in Valladolid, Whilst in
Madrid my temperature was around [04°¢ F.—I
was on a milk diet just before leaving England and
my digestion didn’t improve on Spanish food !
Captain H. tock us the next day in his Buick from
Madrid to Valladolid. On the outskirts of Madrid
there were many signs of the revolution—devasta-
tion due to shells and bombs. We zig-zagged up a
snow-covered pass on the Guadarramas and on
reaching the cutling at the summit a rope was
stretched as a barrier across the road. H. said ‘1
am going, rope or no rope’, but, on reflection, *per-
haps I'd better see what is going on’. On inspection,
he returned with the information that the road on
the other side had disappeared in a landslide ! So
we zigzagged down again and tried another route,
this time with more success, and soon we were in
Valiadolid. There we proceeded to the 15th cen-
tury English Monastery (Monseigneur Henson)(@®
where Roman Catholic priests were tmined for the

®* I had the pleasure of meeting M. Henson again in
1951 during a holiday tour in Spain with my wife. He
recalled all the details of Dorfer’s visit,
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ministry. Nuns brought us tea and M. Henson told
us that Mr. W. was in another room waiting for us.
But Mr. W. continued to insist on ‘money first” and
he cventually departed without ii. M. Henson
thought it might be a trap and that we might be
wavlaid and rebbed on our way northwards. So he
got in the car with us and piloted us first south-
wards towards Madrid, and then turned off the
main road on to very secondary roads round
Valladolid to rejoin the main road to the north,
where he left us. The Buick was running well at
about 70 m.p.h. until we reached the outskirts of
Burgos when it quietly came to rest, for no
apparent reason, the engine still running. Another
car following us pushed us, bumper 10 bumper,
into a garage where we left the Buick for inspec-
tion whilst we had lunch. On returning to the
garage we were told that the main driving shaft
had parted. so that was that ! We had been travel-
ling in an Embassy car which was to take us across
the Spanish Frontier into France—but not now.
Captain H. cbtained a laxi to take us on 1o San
Sebastian but of course we could not cross the
Frontier as our passports were out of order. not
having been inspected and stamped when we
cntered Spain from Gibralar. So Captain H.
‘phoned the British Consul at San Sebastian and
asked him to escort us, after our arrival at his office,
across the frontier into France at Hendaye. We
arrived at the Consul's office about 10.30 p.m. and
explained the situation. He didn’t seem over-
pleased with his job and appeared to have some
difficulty when he left us in the car for a while at
the Spanish side of the frontier. However. the
barrier was opened at last and the Consul dumped
us about 100 yards beyond the French frontier.
After a coffee in the local inn we managed to hire
a taxi which took us to the Carlton Hotel at
Biarritz, arriving about midnight. No food was
obtainable and the water was cut off from the taps
in our bathrooms. But Captain T. fetched out the
Manager and we were transferred to the next floor
above—the three of us walking up the grand stair-
case in pyjamas, carrying our clothes and suitcases!
The plane which should have met us the next day
to bring us back to London did not arrive owing
to bad flying conditions, and we were advised to
travel to Paris by train, where we arrived, via Bor-
deaux and Angouleme, at 11 p.m. The next morn-
ing, in Paris, we visited the Naval Attaché’s office
leaving *Adolf’ (intact) with him for safe custody
and transmission to London, With some difficulty,
owing to the rush of English people in Paris trying
to get back home—the German invasion of Paris
being considered imminent‘*—the N.A managed
to get us three seats on a commercial plane from

" The Germans entered Paris on l4th June, 1940,
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Le Bourget. To do this I had 1o be described, like
T. and B, as a Naval Officer on urgent Govern-
ment business. We reached Heston aerodrome late
afternoon, Saturday. 16th March and after calling
at the Admiralty, I arrived home in Portsmouth late
that evening. The following Monday (18th March)
we gave a talk at the Admiralty, with Admiral
Fraser the Controller in the Chair, describing our
meelings with Mr, W, (Dorfer) and the results of
our mission. and our opinions on the explosive, the
submarine detector and the ‘approach mine’. Not
long afterwards I was shown a paper with a draw-
ing by Dorfer, which someone at the Embassy in
Madrid had bought from him, describing the won-
derful mine-torpedo (the ‘approach™ mine), which
was pure rubbish and didn’t contain a suggestion
of anything useful, so that all three of Dorfer's
secrels were just bunkum, and I was glad we had
brought back the money. The sequel to all this [
discovered when I unexpectedly met A.D. at the
office of Dr. E. T. Paris at Millbank in September
1941, Both R.M. and A.D. had then left the service.
Dorfer had said on several occasions that he was
being followed. Now A.D. told me that he had
been ‘found shot’ after we had returned to
England.

As I explained earlier, the first ships to be made
‘safe’ against the magnetic mine were re-magnetised
to make them S.-pole downwards (in N, latitudes).
It was realised that this could only be an interim
system to be replaced as soon as possible by one
which neutralised the ships® magnetism. Denagnet-
isation was later re-named ‘de-gaussing’. D.G. In
this connection the coil system was first applied
lo the Trawler Sawfly and to the light cruiser
H.M.S. Manchester. The latter was successfully de-
magnetised by 13th December, 1939, against the
iype of German M. mine recovered from Shoe-
buryness on 23rd November. It was soon dis-
covered that D.G. coils at first wrapped outside
the steel hull, would operate well if simply laid
on the deck and eventually they were found 1o
work all right if laid conveniently in sieel tubes
ncar the steel hull inside the ship. S. Butterworth
and his assistants N. F. Barber and M, W, Burgess
at A.R.L. made scale model ships for de-gaussing
experiments and improved the techniques by using
main-, fore- and quarter-deck coils (M.F. & O.
coils), this more elaborate system being used only
for the larger and more valuable ships in the Navy
and Merchant Marine, With the acute shorlage of
cable required for an enormous number of ships
other methods of de-gaussing were devised, e.g.
‘flashing’ a large current through a ‘temporary’ coil
left a degree of permanent magnetisation in the ship
which after sufficient trial cxperience could
neutralise, and not under- or over-compensate its
natural magnetism; another method suggesied by

273



Dr. C. F. Goodeve and used exiensively on smaller
ships was known as “wiping’ — a long horizontal
cable carrying a suitable heavy currcnt, heing
hauled repeatedly by a line of sailors on the deck,
close to and up and down the sides of the ship.
Many names could be mentioned as outstanding in
developing D.G. systems. besides those [ have
mentioned, F. B. Young and S. Butlerworth, E. C.
Bullard. C. F. Goodeve (Lt. Cdr.. R.N.V.R_ then),
Commander J. Hext-Lewis, Commander Oliver
Bellasis, Dr. H. R. Hulme, R. E. d'Atkinson.
R. Gossage and many others. The D.G. organisa-
tion grew rapidly and magnctometer ranges were
established all around the coasts and in other parts
of the world. Special treatment was of course
required for ships in southern latitudes and for
ships crossing the equalor N.-S. or S.-N, Obviously
volumes could be writlen to give details of the
countermeasures to encmy mines—minesweeping,
degaussing. erc. and it is difficult in a short article
such as this even 10 mention the many important
features involved. The D.G. svstem grew so rapidly
in extent that a separale D.G. department was
formed by the Admirally under the direction of
Admiral Lane-Pool, R.N. The Director of Elec-
trical Engineering (D.E.E.) Admiraliy J. 8. Pringle
and his staff, and the cable manufacturers had an
exceptionally busy time providing the machinery,
cables and ‘coiling’ the ships. Very large numbers
of ships had to be treated in this way before going
to sea. and the degaussing organisation plaved a
major part in keeping our ships afloat throughout
the war. Steel minesweeping vessels of course
reccived exceplionally careful degaussing trealment
for they had to pass over live minefields in their
routine operations,

Demagnetising our ships was of course only part
of the problem of countering enemy magnetic
mines. Apother important allernative was to
‘sweep’ them. i.e. to detonate them without damage
to the “sweeper’, As already mentioned the electric
cable A. and L. sweeps and the towed magnet
sweep (A. type) were already in existence before
the war, The ‘Borde’ magnet (300 ton) sweep had
alrcady been planned and Mr. Churchill gave
orders that it must be ready and in action by 1s
January. 1940. Tt was ready by that date and was
successful in detonating enemy magnetic mines at
a range of aboul 100 feet ahead of the ship. The
shock felt on the bridee of the ship when a mine
detonated was sometimes rather more than un-
pleasant! The Germans later used these large
magnéls for minesweeping and described the
sweepers as  ‘Sperrbrechers’ (boom  breakers).
Reference will be made to these later. Another
carly type of M. sweep way known as the D.W.1.
{Directional Wireless Installation!) This consisted
of a pair of rather large and heavy coils mounted
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on the wings of an aircraft (Wellington bombers)
and supplied with as large a [.C. current as weight
of batteries or machines would permit. The planc
had to fly very necar the water surface to creale
sufficient magnetic ficld on the sea bed to delonate
a mine, and thereby ran the risk of being caught
by the plumes sent up by the explosion. The D.W.1.
sweep was very successful in clearing the Suez
Canal of M. mines. The most satisfactorv method
of sweeping magnetic mines was known as the
‘double L.” sweep which was a magnified-modifica-
tion of the old A. and L. sweeps, It consisted of
two buoyant L. cables towed in parallel from two
small wooden sweepers, and carrying a very large
curremt, of the order of 2600 amps. The current,
wilh earth return, was pulsed first posilive then
negative and the magnetic field produced in the
rectangle about 600 vards long by 100 yards wide,
formed by the floating cables was sufficient 10
detonate all M. mines 4+ ve or — ve inside it. The
next pulse of current was passed through the cables
when the ships had covered a distance a little less
than the cable length und so on. There was of
course a great deal of efforl involved in urgently
designing and producing the equipment—the
buoyant cables about 3 ins. diameter containing a
half-inch flexible copper rope Lo carry the heavy
current, the copper ‘carth’ electrodes and the
machinery to supply the eurrent. The introduction
by the enemy of S.-pole as well as N.-pole mines
was fortunate in respect of the design of suitable
copper-earth electrodes. With a D.C. current of two
or threc thousand amps.. these dissolved ‘like
sugar in the sea, but the enclosure of the elecirodes
in a suitably padded ‘sacking” bag resulted in the
retention of this dissolved copper 'in the bag™ at the
first pulse ready for use in replating it on the clec-
trode on the reverse pulse ! Some of those princi-
pally involved in the design and first trials of the
L.L. sweep were Profcssor B. P, Haig, C. F. Good-
eve, Q. Thornycroft and H. Gollop, as well. of
course, as Admiralty elecirical engineers involved
in the design of the necessary machinery and fittings
to ships. The rapid growth of the minesweeping
section of M.D.D. resulted in the formalion of the
M.S. Section at Fettes College, Edinburgh, J. K.
Roberts (later succeeded by A. F. Pickles) and
F. Pearson were Chief Scientist and Engineer in
charge of this Scottish minesweeping branch.

Between August and October 1940 various
reports were received of enemy ‘mine’ explosions
which had been observed, sometimes sinking small
ships and sometimes exploding at a considerable
safe distance from larger ships. A meeting was
called on 16th October at the Admiralty with the
First Lord of the Admiralty, Mr. A, V. Alexander.
in the Chair, 1o discuss the probable nature of these
enemy mines. Statements had been made that these
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may be unexploded bombs, thal they could not
possibly be magnetic mines, and that acoustic mincs
were ‘impossible”, It became necessary to point out
that acoustic mines were designed, tesled and were
ready for use by our Navy in the first world war,
and moreover the characteristics of behaviour of
the unknown enemy mines were essentially
‘acoustic’. On 2nd November, Walden X-rayed at
Mirtle an unusual C-type M. mineshell (magnetic
normally} recovered from Ogmore River near
Cardiff. On opening this mine it was found to con-
1ain a carbon granule microphone mounted on a
mechanised amplifying lever, with circuits. CuQ
rectifier, two moving coil relays and a 6-day clock.
Therc was no diaphragm on the mineshell, Other
similar mines were recovered on 8th to 10th
November from Birchinglon and Fowev. The
amplifying lever on which the carbon granule
microphone was mounted served to tune the micro-
phone to a frequency near 250 ¢/s. Following the
receipt of these and other gratuitous samples from
the enemy we rapidly instituted countermeasures,
One of the first of these was lo use as an acoustic
sweep a hammer-box which consisted of an elec-
trically driven road drill which struck a rapid
succession of heavy blows on a steel plate forming
part of the casing. The noise this emitted when
immersed in the sea would explode acoustic mines
at distances up to a mile. Another method was to
use modified Fessenden oscillators. These were
normally designed for underwater signalling pur-
poses 1o have a resonant frequency of 506 ¢/s.. but
as the enemy mines resonated at 250 c/s. the
‘Fessendens’” were modified to suit this frequency.
H. Margary was in charge of this work at Allen
West’s factory near Brighton. Tt is interesting to
note that some time after these were in use we
recovered a German acoustic mine which had an
electrical filter incorporated to reject signals of
500 ¢/s.—evidence of the efficiency of the enemy’s
spv activities in wartime—but of course this had
no effect in preventing the 250 ¢/s. Fessendens
from sweeping the mines! At a later stage of the
war Lhe enemy were using acoustically controlled
torpedoes which could automatically ™ home * on
ships’ propellers. Towed noise sources, hammer-
boxes and pairs of steel rods, which made more
noise than the ship, were used as ‘foxers’, the
torpedo circling round the noisy foxer in preference
lo the ship’s propeller. A sound-recording rangc
was set up at Innellan (Clyde) with hydrophones
laid out in channels frequented by our own ships.
Records were made of their characteristic noises
over a wide frequency range, for a wide variety of
ships and speeds. This station was manned by
E. H. Lakey and P. H. Parkin. Miss (Dr.) Ross of
M.D.D. minesweeping division, Edinburgh, was
mainly responsible for the analysis, the results being
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of considerable value for the design of acoustic
mines and minesweeping equipment,

By June 1941 the encmy were laying mines, both
from submarincs and aircrafl, which contained
combined acoustic and magnetic firing devices.
These AM. type mines, referred to as ‘Samimies’,
usually contained anti-sweep Zahl Kontact (clicker-
counter) mechanisms and occasionally booby traps.
But the minesweepers were suitably equipped with
appropriale sweeps, and their crews showed great
courage and endurance in their dangerous but very
valuable occupation. Of course the arrival of the
German acoustic mine raised the question “ Why
don’t we have an acoustic mine ?” The answer
being that we had had one since the 1514 - 18 war
but it was nol used because of its variability ! Tt
was quickly resurrected and laid in buoyant mines,
resulting 1n considerable destruction of enemy
shipping. We had in service a considerable reper-
loire of mines, horned contact, antenna. magnetic.
acoustic, etc. laid in large numbers from mine-
laying surface craft, submarines and aeroplancs.
Designs had been prepared for a pressure mine but
this was never laid. in accordance with Admiralty
policy, as we had at that time no satisfactory sweep
for it. The German Navy. howcver, took a different
view and towards the end of the war, at the time
of the Normandy landings. they laid a consider-
able number of pressure mines, which were often
called ‘ovster’ mines. These mines operated on the
principle that every moving ship in shallow water
(say up to 20 fathoms or so) produces a small
reduction of hydrostatic pressure on the sea-bed,
depending on its displacement and speed. This
suction effect, of the order of a few inches head
of water, persists for a short time only, a few
seconds, whilst the ship passes over a mine on the
sea-bed, Tts magnitude was estimated theoretically
by Sir G. L. Tavlor for various classes of ship, speed
and depth of water. The German ‘ovster’ unit was
very simple. Tt consisted essentially of a cylindrical
metai container divided inlo two compariments by
a diaphragm, a small leak-hole round the edge of
the diaphragm connecting them. The outer end of
one of the compartments was closed by a flexible
rubber bag exposed to the sea. When the mine is
laid the pressure on the opposite sides of the
diaphragm is equalised via the lcak-hole and slow
varialions due to tide and swell are equalised in
the same way, If. however, a ship passes over the
mine there is a more rapid variation of pressure
which the leak-hole cannot equalise and the flexible
partition diaphragm is displaced and closes the
firing cireuit of the minc. This type of mine is diffi-
cult 1o sweep and the requisite suction on the sea-
bed to actuate it can gencrally only be produced by
an actual ship or a submerged body approximately
the size of a ship. Two such towed bodies met with
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some success, (4) the egg-crate sweep—the flooded
framework of a ship with loose plating which was
kept just afloat by buoyancy chambers at the ends,
on sweeping an oysler mine the pressure pulse and
bubble passed more or less freely through the “ege-
crate” framework without causing mueh damage.
and (b) the ‘water-blimp’ — a water-filled bag of
large volume towed astern of the sweeper — the
suction produced by this would operate an oyster
mine and the pressure pulse passed freely through
ir. Other types of sweeps for this mine were sug-
gested but the most satisfactory one was the sea
itself ! When designing our own variety of pressure
mine however we had instituted at the same time
wave tcording slations on the South and North
coasts of Cornwall., These stations obtained data
relative to wave-periods, wave heights and suction
pressures on the sea-bed. Consequenlly our own
design of ‘ovster” was made 10 cope with probabili-
ties in sea states. The German oysters, however,
had no such protection and when they were laid in
Seine Bay at the time of the Normandy landings
they were *touched off ' in considerable numbers
by the swell coming up the Channel from the
Atlantic. Combining the pressure unit with a
magnetic or acoustic unit to prevent such prema-
ture operation made little differcnce. for our M.
and A. sweepers had only to sweep when the
Channel swell was suitable to operate the mines.
There is, I believe, still scope for a reliable and
efficient sweep to deal with the pressure mine.

In pre-war days much time and effort at M.D.D.
went into the sea trials of each type of mine and its
modifications. both by the 1echnical and the naval
staffs, before it could be accepted for Service use.
As a consequence il might be a matier of a year or
more before a new type of mine could possibly be
useful, In peacetime this principle had much to
recommend it but in wartime when the scientific
and technical staffs were so much increased, many
new ideas and suggestions for new types of mine fir-
ing units were forthcoming bul, under the old con-
ditions. could never reach fruition. As most of the
components of the Service mines—batteries, relays,
C.R.s. microphones, challering contacts. circuitry,
eic., efc—had been tested and relested adnauseam
it appeared that small changes in eircuits, using
standard components could be made Lo produce
valuable resuils without further sea-trials. When 1
suggested this early in 1940 it was considered
heretical and against all the basic principles of

“mining! It was not until over wo years later. in
November 1942, that serious consideration was
given to the suggestion. It was mainly through the
efforts of Professor H. S. W. Massey and his team.
R. A. Buckingham, F. H. C, Crick, D, R. Bates and
J. C. Gunn, who joined us in November 1941, that
the formation of the M.X. group in M.D.D. took

place in November 1942, Early in 1943 it began 10
be appreciated at the Admiralty that more rapid
methods of utilising new ideas in the design of mine
firing units were required so that immediate use
could be made of any fresh information of enemy
mingsweeping methods. We were already aware
that it would require a period of two or more
months before the enemy could adapt his sweeping
techniques 10 a new type of mine-firing unit—this
estimate was based on our own reaclions to enemy
mines dropped on land or otherwise recovered.
Consequently the M.X. department was sct up for
the purpose of designing and fitting out new
actuating circuits—small balches of mines, having
special circuits for special destinations, being pre-
pared by trained Wrens supervised by designers
and Naval officers. The designs could be changed as
frequently as required and made to suit prescribed
requirements. About 50 mines a week were made
up in this way, and shipped to appropriate aero-
dromes for ‘air mail” delivery 1o the sirategic
points. Altogether about 5000 of such mines were
constructed and delivered. As examples of M.X.
outpul special insensitive magnetic mines, operating
on * gauss " rather than * milli-gauss.” were prepared
to deal with large German Sperrbrechers carrving
sweep magnets wcighing 1000 tons. In another
variety. designed as a result of aerial reconnaissance
photography, it was known that Sperrbrechers
sometimes escorted U-boats and important surface
craft from certain harbours to ensure safety against
our magnetic mines: The special M.X. mine for this
purpose was designed 1o ignore the intense magnetic
field of the minesweeper and operate on the
relatively small magnetic field produced by the
submarine which followed—.e. the mine unil
operated if the sequence of the magnetic fields was
correct. In another system, the sweeper simply
switched on the magnetic firing system to be “ready’
for the next ship of whatever type. It was found
thal the enemy's reaction lo some of these mines
was 1o use two and sometimes three Sperrbrechers
to precede the U-boats ! Variations on similar lines
were made with acoustic firing units and combina-
tions of A. & M. units. The M.X. department of
M.D.D. certainly provided serious problems for the
enemy and did much damage to enemy submarines
and shipping.

In Novembcr 1942, Dr. C. F. Goodeve was made
Assistant Controller (Research & Development)
and visited Leigh Park and West Leigh where he
addressed the staff on general policy and inspected
the research laboratories, efc. The following month
Captain F. H. M, Vaughan was appointed as suc-
cessor to Captain G. B. Riley, as Superintendent of
Mine Design (S.M.D.). Captain Riley, who died in
September 1943. had been Naval head of Mine
Design Department from the early days of the war
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to the end of 1942, three very strenuous years of
greal responsibility which had seen many important
developments in mine warfare, Much credit 15 due
to Captain Riley for his leadership during these
early and difficult days of the war. After the re-
moval of M.D.D. from H.M.S. Vernon Gunwharf,
Portsmouth, to West Leigh and Leigh Park.
Havanl, our establishment was gradually dispersed
to numerous other places. The workshop moved to
Fareham, Horsea Lake and Lhe open-air swimming
pools at Hilsea were used for explosion research
and testing of hydrophones, erc. Minesweeping
division was moved to Fettes College. Edinburgh,
Acoustic measurements of ships to Innellan (Clyde),
Loch Long and Greenock (R.IN.TF.), and so on.
For some of us this resulted in much night travelling
to and from Scotland. UJ.D.E. Portland had also
moved to Fairlie (Ayr), so that the Anti-submarine
depth charge and loop liaison meetings were held
alternately in Portsmouth and Fairlie at monthly
intervals, We had D.G. ranges, coiling and wiping
stations all round the coasts and indeed all over the
world, The organisation of this D.G. work became
so great that, as I have said already, it became a
distinct Admiralty department with Admiral Lane-
Poole as Superintendent of degaussing. In Septem-
ber 1943 [ spent three weeks in hospital for an
abdominal operation and soon after my return to
West Leigh I was transferred to A.R.L. Teddington
again in November 1943, Professor H. S. W.
Massey was 1o take my place as Superintendent
Scientist at West Leigh but before he could com-
mence duties he was whisked off to U.S.A. at very
short (2 or 3 days’) notice, T guessed at the time,
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The new huilding at the
Admiralty Research Laboratory
Teddingion, 1943,

and later confirmed, that he had gone there to work
on atomic fission problems, i.e. atom bombs.

Al ARL. in November 1943 the former * Fire
Control * or ‘Low Power Transmission® group
initiated by Dr. C. V. Drysdale and later taken
over in 1929 by J. M. Ford. had developed into a
much larger group than that T had known in 1936
when [ had gone to Portsmouth. It had now, in
]943,' split off from A.R.L. 10 become the
‘Admiralty Gunnery Establishment ™ under Colonel
A. V. Kerrison as Superintendent who was also
functioning as Superiniendent of A.R.L. It was
intended that as soon as suitable accommodation
could be found A.G.E. should break away from
A.R.L. ieaving the lalter in its original form minus
the gun aund searchlight control section including
that part of Optics required for gunnery purposes.
During the interim period before Gunnery departed
1o its own establishment—ultimately this proved 10
be Portland—I was to superintend the A.R L. side.
This I did from 1943 10 1946 when 1 transferred to
the Admiralty as Deputy D.P.R. During my absence
in Portsmouth, 1937-43, the new A.R.L. building
had been erected. in 1939. This building is described
even Lo the present day as the Fire Control Building,
On my return to A.R.L. in November 1943 some of
the old groups were still aclively funclioning:
one or two had disappeared. and new groups
had been formed. The large 80-foot-long tank,
formerly used for underwater acoustics, was
dry and was being used as an infra-red dark
tunnel underground, the large acoustics labor-
atory above it having been absorbed by the work-
shop stores. I shall not attempt to describe the
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work of the Gunnery department, A.G.E. This part
of A.RL—A.G.E. was Colonel Kerrison's special
concern, assisted by J. M. Ford. J. Bell, L. Champ-
nev, T. J. Tooley. *. *. Field, R. F. Stewart,
N. H. A. Warren, W. Burnside. They were con-
cerned with gun and searchlight problems such as
those I have mentioned carlier — Stabilisation,
follow-up mechanisms, magslips and hydraulic gear,
predictors, etc. The Optical Section under R. W.
Cheshire also worked in close co-operation with
A.G.E., Commander Leighton and Major French
were respectively Naval and Military Liaison officers
in A.G.E., R. W. Dilchburn (from Dublin Univer-
sity) in the Optics Group of A.R.L. was mainly
concerned with visual problems — night  vision
testing of ‘look-outs’, visual problems in director
conlrol towers and the use of red lighting in the
Navy. Other research work in the Optics section
dealt with optical rangefinders for various special
purposes, e.g. A.A. gunnery, instrument lighting.
prism devices for use in marking results of *20°
Throw-off’, H.A. practice anti-aircraft firings, efc.
Other members of the Oplics Group at this time
were C. T. Wright, J. F. Sutton, P. A, Laird and
J. Tunstead, The Acoustics group at A.R.L. in
1943 had changed in character compared with the
group T left in 1936, Then it was mainly anfi-
submarine, now it was inclined to be pro-submarine,
The group was in charge of F. R. Carling assisted
by W. Burns, R. S. Hogben, B. Hensel. One of their
main problems was that in which R. T. Beatty had
been working before the war. i.e. reduction of the
noise of auxiliary machinery in submarines. Ranges
at which these machines, ballast pumps, efc. could
be heard were measured in Loch Long—followed
subsequently by the installation of the Acoustic
Range in Loch Goil. Underwater transmitters
having a flat characteristic over the audio frequency
range were designed for use in testing acoustic
equipment. Resilient mountings for auxiliary
machinery in surface eraft and submarines were
designed, resulting in a marked reduction of noise
emanating from ballast pumps, niono-trimming
pumps and sea-waler circulating pumps. X craft,

from the point of view of silence, the diesel engine
main motor and gear-box being mounted as one
unit on a common frame on special neoprene
flexible mountings. In this casc the range of detec-
tion was thereby reduced from 10,000 yards to less
than 200 yards. The acoustics group also_designed
an expendable noise maker, known as ‘Publlca_n',
for use against the enemy acoustically homing
torpedo known as the Grat. The ‘Publican” was of
the “hammer-box’ type which had a very large
sound output. Another interesting device produced
by the acoustics section was known as ‘Chickweed’,
This was a flexible line hydrophdne intended to

midget submarines, received particular attention ez vess F’—“”—
oo ™

hang vertically from a drifting vessel but this
proved impracticable in service. The hydrophone
consisted of a long flexible cable threaded through
a large number of short magnetostrictive nickel
tubes designed to operate at ultrasonic frequency.

A new and flourishing section at A.R.L. in 1943
was concerned with the transmission and reception
of invisible infra-red radiation in regard to service
applications—(«} for carrying out security opera-
tions at night when visible light must not be used,
(b} for location of invisible targets for fire control
purposes. and (c) for control of directive mech-
anism in homing missiles. The Infra Red Group at
A.R.L.in 1943 were a strong team under E. G. Hill
who, soon after my arrival in November 1943, left
1o become Chicf Scientist at the Admiralty Under-
water Explosion Research Establishment at Rosyth
{Undex). A. Elliott took his place in control of the
I-R. Section at A.R.L., other members of the team
being E. Lece, L. E. Mayes. T. H, Pratt, G. G.
McNeice, B. W. Soole, J. Starkiewicz, F, Kicinsky,
E. W. Jackson and B. Horwood. Their investiga-
tions covered the whole range of I-R detectors,
photo-emissive and pholo-conductive cells, thermo-
piles. bolometers, etc. but their principal achicve-
ment was the development of a small photo-
emissive image converter {about 4-5 cms. diameter
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and 4 cms. long), known as the R.G. wbe, in co-
operation with E.M.L. at Hayes, Middlesex!"®,
This small tube converted invisible short-wave 1-R.
into visible radiation. The high voltage required to
operate the lube was provided by a simple Zam-
bont ‘drv’ pile of coated paper discs'**. Dyed
plastic infra-red filters were also produced in co-
operation with the *Ernoid’ plastics factory at
Stroud. These I-R. filters were used to render
powerful light sources invisible. A great variety of
transmitters and R.G. receivers were designed
during the war 1o meet service requirements—Navy,
Army and Air Force. Large numbers were used
operationally in combined operations in Europe and
in the Far East, and in night driving operations with
armoured formations. The R.A.F. used I-R. equip-
ment on a large scale for identification and recog-
nition. The German armed forces also used infra-
red equipment for night driving, target location and
fire control. L. E, Mayes went over 10 Cherbourg
several times in 1944 to inspect such enemy equip-
ment, and with A. Elliott he tourcd Germany
immediately after the end of the European war
(May 1945) to recover I-R. matcrial used by the
enemy. One type of German image converler
known as the ‘Seehund” was supplied to submarines
for signalling purposes. Of course Radar superseded
the use of infra-red as a possible method of long-
range detection of aircraft,

One of the older researeh groups at A.R.L. which
might be described as the Underwater Ballistics and
Electromagnetics Group was still under the direc-
tion of S. Butterworth. This group which also

2 Prof. Trueman and Dr. McGee were in charge of
R.G. image converter tube manufacture at EM.I at

Hayes.
 paper discs coated on one side with tinfoil and on
the other side with manganese dioxide,

nea The developntent of infra-red
4y photocells from [936 onwards.
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included J. A. Craig and M. W. Burgess was con-
cerned with a wide variety of problems. One of these
dealt with the photography of the water eniry
of projectiles such as torpedoes, depth charges, and
other bodies projected or dropped from aircraft. A
studv was made of the air cavities carried down
into the water and the consequent effect on the
underwater trajectory of the projectiles. One
improvement was known as the “Kopfring’ which
reduced the air cavity considerably. At this time
also the large Glen Fruin (Helensburgh) water entry
tank was constructed and used for testing pro-
fectiles on a much larger scale than was possible in
the A.R.L. tank. Reference has already been made
to Butterworh’s interest in German magnetic mines,
degaussing, erc. Assisted by N, F. Barberand M. W.
Burgess a ‘model” shipyard was developed at
A.R.L. where ships were built magnetically to scale
and used Lo test coiling methods of de-magnetising
ships. H. F. Willis (with Mrs. Willis} after working
at AS.E.E. Portland and Fairlie, joined AR.L.
staff in May 1945 and ultimately took over the E.M.
work of Butterworth’s Group when he retired (on
lth August, 1945).

Reference was made earlier to our designing a
‘pressure’ mine (X or ‘oyster” mine) which would
fire when a ship passing over it produced a small
change of pressure (a suction of a few inches head
of water) on the sea bed. It was realised that waves
and swell might produce such a pressure change,
but experimental information on this point was
lacking. Consequently wave recording stations were
set up on the south and north Cornish coasts to
observe the period and height of waves and swell
coming up the Channel from the Atlantic. Apart
from its immediate objective, this work raised the
guestion as to the advisability of forming an
oceanographical section of Admiralty research to
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obtain data on the fundamental characleristics of
the sea, In April 1944, Dr. G. E. R. Deacon, who
was then on the staff of A.S.E.E. at Fairlie (Ayr-
shire), came 10 see me at A.R.L. to discuss the
possibility of forming a ‘wave-group’ or ‘ocean-
ographic group® at A.R.L, and i was decided to
do so as soon as possiblc. Dr. Deacon ‘reported
for duty' to control the Oceanography Group at
A.R.L. on 5th June, 1944, when he was joined by
Messrs. N. F. Barber, C. H. Mortimer, W. Cots-
worth, *. *. Alexander, M. J. Tucker, J. Darby-
shire, Gi. Collins and F. Ursell. Ursell had joined
A.R.L. at the end of December 1943 and worked
with S. Butterworth to gain experience in applying
his excellent. but more academic, mathematicai
ability. He demonstrated the wisdom of this course
after he joined Dr, Deacon’s wave group and in his
subsequent career®"'. The Oceanographic Group
commenced research on the improvement of tech-
niques for measuring sea waves and methods of
predicting waves, swell and surf from meteoro-
logical observations. Analysers of wave height and
period were designed for the study of complex wave-
records and these led to a method of prediction of
the time of arrival of storms and the location of
the areas where the storms originated, Representa-
tives from many countries, U.S., India, Australia,
New Zealand, Mauritius. efc.. visited the laboratory.
and the wave-recording station at Perranporth and
many other oceanographic research stations have
originated as a result. The A.R.L. group discovered
as a result of the examination of the Kew seismo-
graphic records that microseisms could be explained
as being due to the action of sea waves and swell
coming from distant storm areas. the pressure effects
being transmitted along the sca bed. Another branch
of oceanographic study relates to the physical state
of the sea—temperalure, salinity and density, which
influnce the effeclive range of transmission of
sound in the sea and have considerable importance
of course in the detection of submerged submarines.
Electric currents in the sea due to its motion in the
earth’s magnetic field, and internal waves in the sea
were other important subjeets studied by the ocean-
ography group. Much more could be said about the
work of this group but space does not permit. Tt
grew from strength to strength until in April 1953
it became the ‘National Institute of Oceanography®
which transferred from A.R L. to its present head-
quarters at Wormley (Surrey) —an organisation
which possesses ils own rescurch shins and is well
known internationally all over the world.

Flying bombs (V1 1ype) were a source of annoy-
ance in the Teddinglon area for several months
from June 1944. Many passed over but a few fell
in the district and caused some casualties, One fell
in the High Street, another in the N.P.L. grounds
and another in Hampton Court grounds. Afsolitary
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(V2) stratospheric flying bomb fell near the gas-
works in Teddington. ‘Samples’ of VI and V2
bombs'**'(V1 in July and V2 in November 1944)
were on view at R.AE. Farnborough. where
Butterworth, Ford and mysclf went to see them.
They werc very ingenious in design, but the
impression we took away was that they were a very
expensive kind of bomb which had every sign of
‘desperalion’ inscribed on it ! As we know now the
antidotes to V1 were soon found and the V2's were
hardly ‘under way’ beforc D-day and the end of
the European war. I suppose these flying bombs
were " a little before their time ’ and may now be
regarded as the precursors of recent space rockets !

My very brief outline of the ‘war period’ requires
some apology ! It is clearly impossible in a short
paper lo deal adequately with the war years in
which imporlant events inevitahly crowd one upon
another. Under such conditions it is often minor
occurrences which arc retained by the memory to
the exclusion of others which in perspective were
far more important. This is the impression I get on
looking through what | have written. T have just
referred almost haphazardly o some of the out-
standing features of the period as they concerned
me personally. 1 have now arrived at the point
where the Royal Naval Scientific Service—R.N.S.S.
-——was formed. This important event occurred on or
about 81h September, 1944, During the war the con-
tribution of civilian scientists and engineers in
research, technical design and development of new
devices had been so important and the numbers of
personnel had so greatly increased that a complete
re-crganisatlion hecame necessary, All the scientists
and engineers hitherto employed in the Admiralty
scientific, lechnical and chemical pools were now to
be embodied in a new organisation—the R.N.S.S.
The head of this organisation was Mr. C. S. Wright
(later Sir Charles Wright) who had from 1934 to
1944 been Director of Scientific Research, Ad-
miralty. Before the 1914-18 war there was no
civilian scientific organisalion—in 1915 I was one
of the first two civilians employed by the Board of
Invention & Research (Admiraliy): T was the
physicist and H. Gerrard was the electrical engineer.
As a result of the developments in the 1914—18 war
a considerable number of scientists from universities
and industry joined the Admiralty civilian scientific
service. At the outbreak of the 1939-45 war these

i F, Ursell after working on the theory of ocean waves
and swell in Dr. Deacon's group later became a
Fellow of Trinity College, Cambridge University and
is now Professor of Applied Mathematics at Man-
chester University.

“ The V2 flying bomb was 46 fr. long, 5 ft. 6 in.
diameter, weighed ncarly 15 tons (at take off). Carried
9 tons of liquid oxygen and alcohol as fuel, and | ton
of explosive. Radio-controlled from ground. A very
fine achievement mecbanically and electrically,
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numbered about 600. By the end of 1944 they were
increased by about 3,000 temporary personnel. I
suppose the larger proportion of these were ab-
sorhed by the radiolocation, * Radar,” Service which
worked in close collaboration with the Air Force
and the Army. Great advances in asdics, mining,
minesweeping, torpedoes, degaussing, erc., 1o which
| have referred also required spectacular increases
in scientific staffs. In September 1945, almost im-
mediately after the conclusion of the war in Europe
and the Far East, the Chancellor of the Exchequer
presented to Parliament a white paper dealing with
the administration of the Scientific Civil Service'®»
which was concerned with * Reorganisation and
Recruitment during the Reconstruction Period.” Tt
dealt with the complete reorganisation of the
Scientific Civil Service with * substantial improve-
ment of salaries and careers.” It created a Scientific
Officers  Class recruited from  highly qualified
scientific graduates on salaries “aligned at certain
points with those of the administrative class.” There
was also created an * Experimental Officer Class ™ to
replace the ' Scientific Assistant Class’ recruited
partly from youths and girls about 18 or 19 who
had specialised in scientific subjects and partly from
university graduates and persons with experience in
industry and engineering, Recruitment to the
Scientific Civil Service was centralised in the Civil

Service Commissioners and Dr. C. P. Snow was
appointed 1o assist them. The Institution of Pro-
fessional Civil Servants which in 1945 comprised
somc 35,000 civil servants, remarked °that the
proposals represented some improvement long over-
due.” The scientists in question, it said, were * the
back-room boys who, with their colleagues in
industry and the universities had been responsible
for such fundamental scientific and technical
developmenls as Radar, jet propulsion, the answer
to the magnetic mine. Mulberry, Pluto, etc., and
played a part in the development of the atomic
bomh.’

Looking back over the period from 1915 when
the Admiralty Board of I[nvention and Research
was formed (o 1944 when it became transformed
into the Royal Naval Scientific Service, the civilian
scientilic and technical staffs have good reason to
be proud of their achievements in two wars and the
intervening period. There has been no lack of
achievement from 1944 to the present day and I
have no doubl the future holds much more in store.
All those of us who have lived through the two war
periods must hope that the call for war science will
never come again, and the process of converting
*swords into pioughshares * will long continue,

™ Cmd. 6679, September 1945,
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Volatility of Thorium D. Phil. Mag. 28 (December 1914) 808-818.
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Volatilisation of Extremely Thin Radio-Active Deposits. Proc. Phys. Soc., 91 (Ist September
1915) 543-560.
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375-386.
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. On *Light Body™ Hydrophones and the Directional Properties of Microphones. (With F. B.

Young). Proc. Roy. Soc., 100 (1921) 252-260.

On the Acoustic Disturbances Produced by Small Bodies in Plane Waves Transmitted Through
Walcr, with Special Reference 1o the Single-Plate Dircction Finder. (With F. B. Young). Proc.
Roy. Soc., 100 (1921) 261-288.

The Cathode-Ray Oscillograph. Proc. Phys. Soe., 35 (1923} 109-123.

Determination of Vclocity of Waves of Small Amplitude in Sea Walter, and its Varialion with
Temperature, (With H. E. Browne and C. Cockravne). Proc, Roy. Soc., 103 (1923) 284-303,
Radio-Acoustic Marine Direction Finding. (With H. E. Browne). Proc. Phys. Soc., 35 (1923) 183-
189.

Electrically Maintained Tuning Forks: Somec Factors Affecting Frequency. J. Sci. Instr., 1(1924)
33p-339.

The Phonic Chronometer. {With J. M. Ford). J. Sei. Insir,, 1 (1924) 161-173.

The Cathode-Ray Oscillograph. J. Sei. fnstr., 63 (1925) 1046-1055.

Piczoclectric Oscillographs. Phil, Mag., 50 (1925) 631-637.

Use of a Resonant Shunt with an Einthoven String Galvanometer. (With S. Butterworth and E. H.
Lakey). J. Sci. Insir., 4 (1926) 8-18.

Reccnt Developments in Cathode-Ray Oscillographs. J./.E.E., T1 (1932) 71-82.

Velocity of Sound in Sheet Materials. (With F. D, Smith). Proc. Phys. Soc., 47 (15934} 149-151.
Theory of a Ravleigh Disc. Proc. Phys. Soc., 47 (1935) 779-793.

Experimenual Determination of Frequencics of Free Circular Plates. Proc. Phys. Soc., 47 (1935)
794-769,

Magnelostriction Depth Recorder. (With F. D. Smith and J. A. McGeachy). J.L.E.E., 76 (1935)
550-563.

Effect of the Fitzgerald-Lorentz Contraction on the Frequency of Longitudinal Vibration of a
Rod. (With J. A. Tomlinson and L. Essen), Proc. Roy. Soc., 158A (1937) 606-633.

Nature of the Pressure Impulse Produced by the Detonation of Explosives Underwater. An
Investigation by the Piezoelectric Cathode-Ray Oscillograph Method, 1924. Reprinted in part in
Underwater Explosion Research. 1 (1950) 497, ONR Washington D.C.

A Textbook of Sound. Bell, London. (1930) 3rd Revised edition 1955.

Model Experiments in Sound Propagation in Shallow Seus. 7.4.5.4., 31 (1959} 1213-1235.
From Board of Invention and Research to the Royal Naval Scienlific Service.

Part 1. Hawkcraig, Aberdour, 1915-1917, J RIN.S.S., 16 (1961) 123-133.

Part 2. Admirally Experimental Station, Parkeston Quay (Harwich) 1917-1919. ibid. 205-219.
Part 3. Admirally Experimental Station, Shandon (Garcloch), Dunbartonshire. ibid. 298-310.
Part 4. Admiralty Research Laboralory, Teddington. 1921-1936. ihid. 17 (1962) 256-278.

Part 5. The War Period, 1937-1945. ibid. 18 (1963) 9-28: Sound—Iis Uses and Control, 1 (May-
June 1962) 8-17,

. Scale Model Study of Sound Propagation 4n Shallow Seas. J.R.N.S.5., 17 (1962) 19-39.
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Research Vessel A, B, Wood | added in 1964, 10 the fleer
of Marine Acoustical Services Inc., Miami, Florida.
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OFFICE OF THE COMMANDER
BRITISH NAVY STAFF
Main Navy Building, P.O. Box 165
Benjamin Franklin Station, WASHINGTON, D.C.

Letters from UK. fo be

addressed:
H.M.S. SAKER
“¢fo G.P.O. London .
_ ‘ AP :
Refs SCAD,.L,915 /127,001 27th September 1965

Mr. George Wood.
2813 Woodley Road N.W.
Washington D.C.

Dear W,

As dié‘cﬁ:saed, I am sending you two copies of the
Jowrnal of the Royal Naval Scientific Service.

I think it is an excellent idea to get the money
.to be taken over by either the Acoustical Society-of America
.or ths Physical Society. I am sure this will help to swell
the flm:iﬂ. N . . | . .

Yours sincerely,

A. C. LAW
Sclentific Adviser



THE A. B. WOOD MEMORIAL FUND
An Invitation from the Appeal Committee

This July 1965 issue of the Journal of the Royal Naval Scientific
Service which appears on the first anniversary of his death is
dedicated o the memory of Dr. Albert B. Wood, who was the
archetype of the Naval Scientist of today. In this Memorial are
recorded many aspects of his distinguished career in Naval Science
over a period of nearly 50 years.

Many of his colleagues. on both sides of the Atlantic, con-
sider that some further memorial o Dr. Wood should now be
established, It has therefore been decided to open a special fund
for this purpose. and an Appeal Committee under the Chairmanship
of the Chief of the Royal Naval Scientific Service, Dr. R, H. Purcell,
has been set up with members from Canada and the US.A.

It is envisaged that the Memorial might 1ake the form, for
example, of a Memorial Lecture to be delivered, alternately, in the
UK. and North America; but the final choice will, of course, be
determined by the response to the Appeal Fund.

The purpose of this present leaflet is to invile contributions
to the A, B, WOOD MEMORIAL FUND, The appeal is addressed
to all former colleagues of A. B. Wood. to the younger scientists
whose work today may 1o some extent have derived from the
pioneer work of Wood and his contemporaries, and indeed 1o all
scientists and engineers who are concerned with Naval Science.

Contributions should be sent as follows;—

CANADA to—

D. A. Keys, D.5c., Ph.D.. F.RS.C,
Scientific Adviser to the President.
Atomic Energy of Canada Ltd..
Chalk River, Ontario.

UK. to—

R. H. Purcell, C.B., Ph.D,,
Chief of the Royal Naval Scientific Service,
Ministry of Defence, Main Building, Whitehall, S.W.1.

US.A. to—

George W. Wood, M.S.,
Associate Editor of the Journal of the Acoustical Scciety of America,
2813 Woodley Road, N.W., Washington, D.C.

Cheques shouid be made payable to the A. B. Wood Memorial
Fund.
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