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sj,ecia/ issue 

r:Scienliftc r:Service commemorates the /;f., and toJork of !JJlbert 

cfl3eaumonl (Jj}ood, @.§.3.6., C!J.r:Sc. 

9f'is career in 01avaf science covered a J,eriod of near/JI fiftp 
pears, en1brac;ing two major 1vars, tn both of which the survival 

of his counfry depended crucially upon the mobi/i;zalion of the 

physical sciences to the many problems sp~cial to Chaval operations. 

rvas 01avaf science, nol only over a long 

pe.-iod of lime, hut also over a variety of disciphnes, frecjuendp 

as an originator of concepts, 1-vhich he and his cofleafiues carried 

forward to the point where the value 

could be clearly seen. !Jn brief, 

Chaval scienlisl of todap. 

G5ome idea of 1he nature of 1he man, 

broad experience of 1he many processes 

1ha1 
. . applied effectively to Chaval science is 

from this CYnemorial. 

widespread application 

the archetype of the 

and of h,s long and 

involved '" 
ensuring 

affairs, can be gained 

Chief. Ro}Y1l Naval Scientific Service 
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APPRECIATIONS 

BY FORMER COLLEAGUES 

w. L. BORROWS 
B.Sc., D.I.C., R.N.S.S. 

SUPERINTENDENT. ADMIRALTY RESEARCH LABORATORY 

-_ -.. -~R. ALBERT BEAUMONT WOOD died suddenly on 19th July, 1964, 
r • - • whilst on holiday and with his passing. an era in Naval Scientific Resmrch 

'i ' ' • .. .'- came to an end. B~rn al Uppermill in the West Riding of Yorkshire 
~ 1 

• • • • " in I 890, A. B. Wood received his education al Huddersfield Technical 
, •~ ~ College and at Manchester University where he graduated with 1st 
class honours in Physics in 1912. Staying on al the University he joined Sir Ernest 
(later Lord) Rutherford's team of exceptionally brilliant scientists carrying out 
research in atomic physics. Amongst his colleagues were H. G. J. Mose!ey. 
C. G. Darwin, Hans Geiger. Niels Bohr, Ernest Marsden. J. Chadwick. 
E. N. da C. Andrade, Fritz Panclh, 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, 
seriously concerned about the German Naval threat. was forming the "Boa!d of 
Invention and Research " under the presidency of Adm1Tal of the Fleet Lord Fisher. 
Rutherford, whose laboratory was already carrying out experiments on underwater 
sound. suggested to A. B. Wood that his 1alems might more usefully be employed 
in this field than in the air and shortlv afterwards "A.B." became one of the first 
two physicists to receive an official appointment lo the Admiralty under the B.l.R. 
This event may properly be regarded as the birth of the R.N.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.S. 
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. It is interesting lo reflect that when _A. B. Wood 
joined the Admiralty, knowledge of underwater sound propagation consisted of little 
more than one series of velocitv measurements in a Swiss lake and one on the 
propagation of explosion waves In the sea. whereas in the last few years of his_li~e 
his shallow wat~r ~~u~d propa~ation experi~1ents---:-ahhough marked by c~aracter1st1c 
elegance and s1mphc1ty-requ1red the services of an advanced electronic computer 
lo 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 magnetos1ric1ion echo depth 
recorder. The original model of the latter is still in good working order lo-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 al least another 200 yards lo go before 
there was any need lo worry-and at that moment the boat gently ran aground 1 

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 al 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 researches 
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 manv publications lo 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 Fellow of the Inslilule of Phvsics. In 1952 he was awarded 
the Duddell Medal of the Physical Society and in I 961 received the " Pioneer 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. patien~e a~d inspiration. 
This did not mean that he could not be severe when he felt the S1luat1on demanded 
it. The story is told that on one occasion after reasoned argument had failed lo 
convince a young 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 it 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 
10 have completed SO years in Naval Service. 

His work was his life and he was sus1ained in it by the devoted suppon 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, U.S.A. 

To have known Dr. Wood even briefly is a privilege. My own associat_ion with 
him was particularly happy because of the glad circumstance thal brought 1t about. 
In November 1961 he was awarded the Pioneer 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. 1 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 lo 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 trip. 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 to Lhe d1scuss1ons 
of many current problems of underwater acoustics. As a climax, his delightful and 
gracious speech of acceptance of his award was a pleasure never to be forgotten. 

Before flying back to England, the Woods made a series of visits in the 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 pleasant visit to 
Chamfer. I 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, much to the good fortune of the U.S.A. This happy and beneficial year 
was an ideal culmination of his creative and inspiring life. 

Our last meeting was in London in J unc l 964. 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 to 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 watched them step out briskly, 
almost running, into the traffic and a drenching summer shower. Once safely across 
Oxford 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, I did not actually mecl him until I came 
up to the Admiralty lo join S.R.E. Department in 1937. From then until I went 
to the Ministry of Defence in 1950, I saw a lot of him. 

In his special field of unde1v.,ater 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 Learn 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 secretary, but Lhis 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 perso□al 
courage as was evidenced by the part he played in dealing wilh the first Gertnan 
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 I joined H.M.S. Verl!Oll in November 1939 at 
the start of the work on degaussing and on the sweeping of magnetic and acoustic 
mines. During the eighteen months that I worked on these things I did not see a 
great deal of Wood since he was mainly concerned with Lhc 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 many things and done so much during and since the 1914-1918 war. 
He had devised an acoustic mine. was largely responsible for the design of our 
magnetic mine anti had played a large part in the work on the magnetic field of ships 
during the 'thirties. 

He and Butterworth seemed to me among the best physicists I had met and it 
surprised me to find that they were both so doubtful about their.powers of influencing 
policy and getting their ideas effectively used. It is a real tragedy that the Navy made 
relativelv ineffective use of their talents when they were at their most productive. It 
seemed "to me that it was not only that money for the Navy was short between the 
wars, but that there was a real lack of appreciation of how to run an effective research 
and development organisation and how to keep scientists happy. I am sure that we 
really do know better now. 
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GEORGE E. R. DEACON 
C.B.E., D.Sc., F.R.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 Admiralty 
Research Laboratory in 1944. There was some urgency about the work which 
sought more precise understanding of variations in wave characteristics in relalion 
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 into the already over-extended facilities 
and crowded accommodauon of a war-time laboratory working at full stretch. Nor 
could quick results be promised. The groups of high and low waves and other 
readily observed variations in a complex wave pallern had long been attributed to 
interference between underlying component wave trains travelling with different 
velocities, but in devising rules for forecasting. the complex pattern had to 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 al the 
time. 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 analyses of 
ship motion were made at the same time to see if ships could be used as 
wave-recorders. and they did much 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 
eanh. One of the 24-hour records from Kew showed 125 signatures of flying 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 Joumal. He kept in touch with the subsequent work 
and was a frequent visitor at the National Institute of Oceanography. The last time 
J saw him was at the meetings of the International Association of Physical Ocean
ography held at Berkeley 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 panicularly 
kind to beginners and for this will be specially remembered. 
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SIR CHARLES F. GOODEVE 
O.B.E., D.Sc., F.R.S. 

DIRECTOR. BRITISH IRON AND STEEL RESEARCH ASSOCIATION 

The first few weeks of September, 1939, were rather an anti-climax alter the 
" Munich " weeks a 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 
c.are over the vcars of peace would not be used until we had our counter-measures 
ready, except i'n dire necessity, for fear it fell in 10 the enemy's hands. This. of course. 
was because we as a sea power were much more vulnerable to mining than were the 
Germans. Sweep the unsweepablc or at least develop counter-measures was the order. 

The outbreak of war found the Navy's scientists with no answer. The years of 
frustration experienced by the small team engaged on counter-measures \\'as 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 out. by the Naval personnel and the setting up by the latter 
of their own organisations. This. together \\'ith the move of Mine Design Department 
;rn:ay from H.M.S. Vernon, could have led to a difficult situation in those trying first 
weeks. but fortunately 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 the Mine Design Department. I will long remember the 
excitement of thal night. when two of us from Vernon after waiting until past mid
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 years before! 

Wood had measured precisely the critic.al firing magnetism. the time constants 
and the anti-sweeping characteristics. He had missed nothing. Gone was all the 
uncertainty about counter-measures. No longer had we to 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 written report was completed. Then followed 
an act of generosity, which l was to learn was typical of him. and one which led me 
into the thick of this technical battle. Wood invited me to 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 technical 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 technical developments which followed. For example, 
he pointed out that a floating cable carrying a current gave zero vertical magnetism 
on the sea bollom 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 working in close association with him. my 
move to other spheres meant that I saw less and less of A B. Wood. I shall always 
remember him as a gentle person. unless provoked to anger, and one who was always 
ready to help the many people who came into association with him. 
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CU RT IS R. HAUPT 
M.A., Ph.D. 

UNITED STATES NAVY ELECTRONICS LABORATORY 

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 Diego, California, as 
a consultant in underwater acoustics. 

His activities 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 use. 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 to 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 contributions 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. Measurements on pairs of simple targets 
rotated about the centrepoint of a connecting supporting rod were examined with care
ful interpretation of the echo patterns generated, as when one 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 case. Dr. Wood tock an interest in the detection of the multiple 
echoes, such as those from an extended 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 types of observa
tions. In the field of ASW. much experimental work is necessary to investigate the 
acoustic properties of submarines and it is always difficult lo schedule as much test 
time as needed with actual operating submarines. This is particularly true for the 
newest types. The decision of the Laboratory lo build a model submarine was made 
during Dr. Wood's stay at the Laboratory and he provided invaluable 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 series 
of experiments Lo be carried out with the model. together with the necessary instru
mentation and looked forward with keen anticipation to participating in early 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 Society. Because of Dr. Wood's pre-eminence in the field 
of acoustics. these lectures drew very large attendances. The presentations which were 
to a considerable degree autobiographical were divided into two principal periods. the 
first covering his earliest experiments and experiences in acoustics and extending 
through and beyond World War II. This lecture was in the more popular vein arranged 
to appeal to both technical and non-technical listeners. The second lecture, designed 
primarily for undenvater acousticians. dealt with Dr. Wood's experiments in more 
recent years. 
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Both lectures _proved to be highly stimulating. The generous use of anecdotes, 
many coloured with humorous episodes, and the intrOOuction of his listeners lO 

various personali1ics of world renown in science whom Dr. Wood had known 
intimately made these talks outstanding in their appeal and value to his audiences. 

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

DAVID A. KEYS 
D.Sc., Ph.D., F.R.S.C. 

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

. It is a pleasure to be able 10 take part in a tribute to my old friend and one
lime colleague, Dr. Albert B. Wood. I first met Wood when he came to Shandon 
in 1919 following the close of the antisubmarine work at Hanvich. I was one of the 
~nadians whom Professor (late Sir John) McLennan gathered together when he 
1orned the Board of Invention and Research of the Admiralty. I went up to Shandon 
on the Gareloch when that station was opened in late Mav. 1918 to test out a method 
of. measuring time-pressure curves of explosions suggeSted by Sir J. J. Thomson. 
~sing a cathode ray to record on a photographic plate in a vacuum. the variation 
rn charge produced by_ pressure on a piezoelectric crystal. By August 1919 preliminary 
results had been obtarncd usrng small charges of a few pounds of explosives. I had 
been offered a fcllowshrp by Harvard and had to leave rn early September and Albert 
Wood agre~ to take over the experiment and carry it on to larger charges. the 
apparatus berng 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 need to be broken every time an exposure was 
made. He earned on the work to obtain records of a thousand pound explosion and 
sent me one or two photographs a few years later when he had fulfilled his promise 
and had developed the method to a successful conclusion. 

Al~rt "".ood was a devoted experimental scientist. modest and painstaking in 
al! he did during the many years he remained with the Admirallv Research Division. 
Hrs book. A Textbook of Sound,_ is a _vcritahle source of theory and useful applica
tions of sound to many problems 111 which he lmnself made outstanding contributions. 
In the few months at Shandon when we both worked there. he was occupied like Dr. 
Drysdale, Joseph Ford a_nd others. on underwater type of detectors and acoustical 
methods of locaung movrng objects. He and Mrs. Wood Jived in Hclcnsburgh, if I 
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. 

During rccen~ years we have seen mor.e .of Albert an~ Ethel Wood. due in part 
to both_ of us having passed th~ normal rctmng age but still being occupied with our 
respccl!ve spheres of work. which took us to London for several months and brought 
them to v1s1~ us m Canada .. • le~rned much about the various problems he had worked 
?TT and th~ important contnbuuons he had made. His work has been recognized both 
rn the Umted States and in the United Kingdom~perhaps more appreciated bv his 
admirers in the former than by his colleagues in the latter. Both scientists and GoVern
ment in the United St.ates have paid him \\'ell deserved honours which his friends 
have greatly appreciated. 

. Both Albert Wood and the wri_ter knew the late Lord Rutherford very well 
which often resulted 111 many rem1rnsccnccs being discussed in our evening chats. 
Albert Wood had a good memory and both he and his devoted wife amused us with 
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many interesting accounts of their early experiences befor_e and during the First 
World War. We shall miss their congenial company and hosp11ah1y as I am sure those 
who knew him at the Admiralty Research Laboratory in Tedd1Dglon will also .. We 
retain many happy memories of this modest, able and dev~led sc1en11st who lived 
for his science. never seeking 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, U.S.A. 

The high point in Dr. A. B. Wood's association with acoustics in the United 
States was probably the occasion of the a_ward to h1D1 of the Pioneers of Underwat~r 
Acoustics Medal at the sixty-second meel1Dg of the Acousllcal Soc1~1~_of America ID 

Cincinnati, Ohio on November IO, 1961. This award of the Society 1s r,resented not 
oftener than once every two years to any individual, irrespective of nauonahty, age. 
or society affiliations. who has made an o~tst~ndmg contnbullon to _the seten~e of 
underwater acoustics. as evidenced by pubhcauon of research results ID r,rofess1onal 
journals or by other accomplishments in the field. The award was named ID 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 presemmg 
Dr. Wood for the award. The following account_ 1s taken largely from what --:as said 
at that time. Those present at the banquet at which the_award was made had ID their 
hands a rather substantial biographical sketch of the rec1p1ent by Dr. G. E. R: Deacon 
of the British National Institute of Oceanography. On th_at I felt I could not improve. 
Hence I concentrated attention on the impressions which Dr. Wood and his work 
had made on me personally over the years. One of these was his great contnb~t1on 
to education in acoustics through his book. A Textbook of Sound, first pub(1sh~d 
in J 930. Many physicists had come to_ bel_ieve that there was no more physics ID 

acoustics and that in fact Lord Rayleigh ID I 878 had more or less exha~sted th_e 
subject, ; 0 far as fundamentals were concerned. D~. Wood helped to dispel this 
illusion and showed clearly in his book that acoustics was and 1s _a lively ,sub1ect 
indeed. It is worth noting that the book has gone through three ed1t1ons, 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 unf_?rtunate and unrcasonabl_e attitude. 
When all is said textbooks still have a vital role to play m the education of the 
young wh~ cann'at be expected lo 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 A Textbook of Sound. It is adear and_elegant presentation of the physical 
significance of acoustical concepts without leltmg the reader get lost ID 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 ongmahty. This 1s particularly evident ID those mvolv
ing the design and development of acoustic instruments of high prec1son. Here Dr. 
Wood showed an uncanny ability to squeez~ high acc_uracy out of methods ll)at 
ordinary practitioners would be mchned to give up as 1mpra_cllca,ble. Take for ID· 

stance his development of the humble tuning fork as a prec1s_1on time standard and 
his pioneer work on magnetostriction oscillators for depth find,~g. Another a_nd more 
striking example is to be found ID the celebrated acousuc version of the M1chelson
Morley experiment. in which the altempt was made to detect the change ID frequency 
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of a vibrating quartz rod, when rotating in a horizontal plane. According to pre
relativity physics. one would have expected a change as large as 5 parts in 10'. which 
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 gelling 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 A.R.L. in Teddington. It was a 
delight to note the infectious enthusiasm with which he was taking up again studies 
in sound propagation. Unless my memory fails completely, the most conspicuous 
object in his laboratory then was a barrel of mud. Most people would hardly consider 
this as a promising prop for acoustics research, but if anvone could get good acoustics 
out of a barrel of mud. it would be A. B. Wood ! • 

Dr. Wood was a delightful raconteur. and much enjoyed reminiscing about his 
experiences in the early days of underwater sound. II was a great source of satisfaction 
10 me that I succeeded in persuading him to allow some of these recollections to 
appear in·· Sound-Its Uses and Control." I (May-June, 1962) where they met with 
appreciative attention. 

Dr. Wood's many friends in acoustical circles in the United Stales are happv lo 
salule his memory. • 

SIR FRANK E. SMITH 
G.C.B., G.B.E., D.Sc. F.R.S. 

I first met Dr. Wood about fifty years ago when he was working with Professor 
William Bragg (later Sir 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 
I 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 altempting to produce a magnetic mine depending on 
the change of direction of the earth's horizontal magnetic field; one which would work 
irrespective of any countermeasures produced by a ship such as were effective with 
the German " Vertical 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 contained many higher hydrocarbons which deposited on the 
electrical contact pieces and needed a culling force lo pierce them. However a number 
of German submarines were sunk and I received an award of £2.000 from the 
Admiralty. Wood and Bragg were interested but Wood was acouslicaUy 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 personnel 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 mistake and I recommended the closure of Shandon and the transfer of 
all staff to a new research station 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 - belier 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 to be measured lo 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, H.M. King George V 
wished to attend 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.O., 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, H.M.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 to provide plenty of problems of this son, and we were 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 Shoeburyness 
when we were stripping the weapon of its external fittings. After it had been conveyed 
to H.M.S. Vernon the following day a personal message was received from the First 
Lord 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 reception of the mine in 
H.M.S. Vernon. 

We, in H.M.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., 0.8.E., M.C., M.A. 

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 nigbt, as1usual) to receive the report by Ouvry and Wood on the recovery and 
opening of the first magnetic mine we recovered. 

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

By A. B. Wood, O.H.E., D.Sc. 

HA JYKCRAIG, ABERDOUR, 1915-1917 

Introduction 

Having been invited by the Editor of J.R.N.S.S. 
to write an account, from personal recollections, of 
the growth of scientific research and development 
in the Navy, I have encountered considerable 
difficulty in deciding not only • where to begin' 
but 'how to proceed' and ·whereto 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 altempted. 
would require several volumes to complete, 
covering as it does a period of 46 years, i.e., from 
19 I 5 onwards. 

In what I have to write I 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 
is 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 l 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 conveniently 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:JI9: (3) Shan
don, Gareloch, 1919-21: and (4) A.K.L., Tedding
ton, 1921 to date. At the outbreak of war in 1914 
there already existed such establishments as 

H.M.S. Ver11011, A. E. W. Haslar • Signal School,' 
primarily concerned with instruction of Nava] 
officers. and with trials and modifications of Service 
equipment-mainly of an engineering character. 
Soon after the war began their staffs were aug
mented by civilian engineers converted into 
R.N.V.R. onicers. 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 R.N.S.S. can he 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, I should like to explain briefly the 
situation so far as I was personaJly 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) I 
graduated in honours physics and was doing re
search in Prof. Sir Ernest Rutherford's laboratory 
at Manchester University. 1 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. Bollwood. Fritz Paneth. G. van Hevesv, 
H. Robinson, J. M. Nuttall, H. Stansfield, 
E. J. 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, 
either before or since, working together in the 
same physics laboratory at the same time. Much 
could be written about all these men who reached 
eminence m the scientific world in later life. 
Moseley, one of the best research physicists of his 
day, joined the army and was shot by a sniper 
in the Dardencllcs campaign. Hans Geiger, who 
taught me glass-blowing, some physics and a little 
Gemian, died a few years ago, but his name will 
long survive him as the inventor of the Geiger 
tube (so well known now as to be spelt with a 
little' g ')-1 saw it being' developed' as the almost 
incvitab]e consequence of a course of lectures he 
gave us on 'Ionisation by Collision.' Ernest 
Marsden worked with Geiger in counting the 
large-angle scattering of n 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 spectra of the elements 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 r-rays and his later 
discovery of the neutron: Niels Bohr's theoretical 
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 to the origin of the earth's 
magnetism-due possibly, in Schuster's opinion. 
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to the earth's rotation. I was also working on a 
determination of the range of recoil atoms from 
radio-active substances (in the Ra, Th and Ac 
serie:-, emitting a particles (helium/atoms) - the 
heavy atom (at wt. of order 230) on emis.sion of a 
light helium atom (at wt. 4), recoiling like a gun 
when it fires a shell. At this lime Ernest Marsden 
and I conjointly made a detem1ination of the 
atomic weight of actinium emanation hy a diffu
sion method suggested to us by Niels Bohr. It 
was an inspiration, albeit a chastening one, to be 
working alongside so many brilliant scientists, 
and such an experience can never be forgotten. 
I could write much about their personalities and 
the work thev were doing and have since done. 
but this would be outside the scope of my present 
purpose. After leaving Manchester University. 
I continued my research in atomic physics at 
Liverpool University. where I was Oliver Lodge 
Fellow and Lecturer in Physics (L. R. Wilberforce 
was Professor and J. Rice Senior Lecturer), whilst 
still co-operating in research and discussions with 
members 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. l had similar 
ideas and approached Rutherford with the object 
of signing the necessary papers. It was then the 
unexpected occurred. The Admiralty Board of 
Invention and Research (B.I.R.) was hcing formed, 
and Rutherford suggested that research for 
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the Navy (in particular, detection and location of 
submarines) might be more in my line than learn
ing to fly. I didn't require much persuasion and 
from then on I paid frequent visits to Ruther• 
ford"s laboratory to do experiments on under
water sound. Harold Gerrard. lecturer in electrical 
engineering in the adjoining laboratory, was 
also appointed with me to work with Rutherford. 
In the preliminary stage.,;,; we were experimenting 
in a small water-filled tank with various possible 
sound-receivers lor use under water, e.g., Broca 
tubes (aneroid barometer capsules. single and 
multiple) with stethoscope tube attached, carbon 
granule microphones (A.T.M. and S. G. Brown 
types), single-contact microphones, and magneto
phones (telephone earpieces). We used a bell
type buzzer and a C.W. diaphragm sounder as 
sound sources in these tank experiments. At this 
time. too. Rutherford was hopefully, if not very 
optimistically, scratching small pieces of quartz 
crystal (with a telephone headpiece connected), to 
discover if Lhc piezo-electric cllcct of quartz was 
likely to prove useful. The result of this was 
inevitably disappointing as no means of amplifi
cation was available at that time. This prelim
inary work went on until Gerrard and I received 
our •official' appointments as physicists to 
the 13.1.R. in October. 1915. at the then remark
able salary of £1 per day I We continued work in 
the Manchester laboratory with Rutherford until 
17th November, when Gerrard and I, with F. W. 
Pye (a mechanic from Liverpool University), left 
for 'Hawkcraie.' Abcrdour. Fife, N.B., a naval 
cxpcrimcnlal eStablishment under the command 
of Cdr. C. P. Ryan. R.N. 

The Board of Invention and Research (B.LR.) 
At this juncture it seems opportune to refer to 

the formation of this organisation in 1915. It 
consisted of a Central Committee whose function 
was ' to initiate. investigate. and advise generally 
upon proposals in respect to the application of 
science and engineering to naval warfare'; a con
sulting panel of scientific and engineering experts: 
and an advisory and secretarial staff • to deal with 
the preliminary sifting of proposals from inventors 
and others. and such other secretarial and 
recording work as may be found necessary.' 

In May. 1916, the Central Committee consisted 
of: President. Admiral of the Fleet Lord Fisher; 
Professor Sir Joseph J. Thomson, O.M., F.R.S.; 
The Hon. Sir Charles A. Parsons, K.C.B., F.R.S.; 
Dr. G. T. Beilby, F.R.S. (The name of Vice
Admiral Sir Richard H. Picrsc was added at a 
later date). I 

The Panel: Prof. H. B. Baker, F.R.S.; l'rof. 
W. H. Bragg, F.R.S.; Prof. H. C. H. Carpenter; 
Prof. Sir Wm. Crookes, O.M., F.R.S.; Mr. W. 
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Duddell, F.R.S.; Prof. Percy F. Frankland, F.R.S.; 
Prof. Bertram Hopkinson. F.R.S.; 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 later date the name 
of Mr. (later Sir) Richard Threlfall, F.R.S., was 
added to the Panel. 

Secretariat: Capt. T. E. Crease, R.N., Secretary. 
Assistant Secretaries: Cdr. Cyprian D. C. Bridge, 
R.N.; Flt. Cdr. Lord Ed. Grosvenor, R.N.; Engr. 
Lt. Cdr. C. J. Hawkes. R.N.; Mr. T. H. Hoste; 
Lt. the Hon. Walter J. James, R.N.V.R.; Sir 
Richard A. S. Paget, Bart.; Mr. J. F. Phillips. 

The work of the Panel was divided into Sec· 
lions I to Vl and their respective sub-committees, 
which dealt with all aspects of science and engin
eering likely to be applicable to Naval Service 
problems at that time. The full list of members 
of these six sections contains manv famous names 
in .'-lcicncc and engineering. It m"ay be sufficient 
to quote here the names of those particularly con• 
ccrncd with Section n~· Submarines, mines, 
searchlights, wireless telegraphy and general elec
lrical, electro-magnetic, optical and acoustic sub
jects.' 

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

Secretaries: Sir Richard A S. Paget. Bart., and 
Lt. the Hon. Walter J. James, R.N.V.R. 

(Members of the Panel and the committees of 
other scclions were sometimes involved in the 
work of Section II. Associated with the Central 
Committee and/or the sub-Committee were also 
certain officials of the various Admiralty depart· 
mcnts concerned). Prior to the formation of the 
B.I.R.. the Navy had not been very successful in 
their efforts to counter enemy submarines, and il 
became one of the primary objects of Section 11 
Sub-Committee to deal with the anti-submarine 
problem. i.e., the detection. location and destruc
tion of enemv submarines. 

It is important to note that the formation of 
the 13.1.R. represents a landmark in the history 
of the Navy (and of the R.N.S.S.) in that it 
officially encouraged co-operation between the 
Navy and civilian scientists and engineers. 

The Admiralty Experimental Station at 
'Hawkcraig.' Aberdour. Fife 

In the introduction to these notes I concluded 
by remarking that H. Gerrard and I, with F. W. 
Pye (as mechanical assistant), left Manchester on 
17th November, 1915. for Abcrdour. A drifter 
met 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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the little sea-side village of Abcrdour (Fifeshire). 
about five miles cast of Rosyth. Here we met 
Cdr. C. P. Ryan, R.N., his secretary, Lt. Cdr. 
Ashley A Froude. R.N.V.R., and other R.N.Y.R. 
oflkers of his staff, to whom I will refer later. A 
few days later Sir Ernest Rutherford visited 
Hawkcraig and just before his arrival, in conver
sation with Cdr. Ryan, I was amazed to discover 
that he had never heard of Rutherford ! Such was 
the state of • science in the Navy· in 1915 ! When 
Rutherford arrived we talked with Ryan, who 
demonstrated his hydrophones (underwater micro
phone receivers). and we went oul in H.M. Orifler 
Hie<lra. This vessel was nominally allocated for 
Gerrard and myself to use for 13.1.R. experimcms. 
a I though still under the command of Ryan, who 
was Naval Ofliccr-in-Charge at Hawkcraig. Soon 
afterwards. Sir Ernest Rutherford came up again, 
this time with Sir Richard Paget and a Mr. Gordon. 
who was totally blind but had developed a sense 
of • absolute pitch.' He listened to moving ships, 
using Ryan's moored hydrophones and some 
portable ones lowered over the gunwhale of Hiedra. 

At the time of our arrival at Hawkcraig the 
state of our knowledge of underwater sound 
propagation in the sea was very primitive indeed. 
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 Lake Geneva in 1827. and the velocity of explo
sion waves in the sea by Threlfall and Adair in 
I 889. Any information likely to be useful in 
detecting submarines seemed to be lacking. I was 
impressed by Ryan's achievements in designing 
and making successful moored hydrophones. port
able hydrophones. Figs. l(a) and l(b), and hull
fitted hydrophones on ships. These were already 
in existence when we were first 'initiated.' Large 
ships of Bcatty's Rosyth Battle Squadron could be 
heard. under favourable weather conditions, at 
distances up to 10 or 12 miles in the Firth of Forth 
when proceeding out to sea. Most of his work was 
empirical but he had made valuable initial progress 
in the art of listening underwater. He knew little 
or nothing about the theory of sound or the possi
bilities of designing equipment which would 
indic.ite direction of sound. He had, however, gone 
so far as to fit submarines with pairs of hydro
phones-one • port ' and the other • starboard ·
which would indicate to a reasonably intelligent 
operator the approximate bearing of another ship 
-utilising the sound-screening property of the 
hull of the submarine. In selecting hydrophone
pairs for this purpose he made use of the musical 
ability of one of the most famous musicians in 
the country-Lt. Hamilton-Harty, R.N.V.R. (later 
Sir Hamilton Harty and conductor of the Halle 
Orchestra). It seems a little bizarre to recall Lt. 



Hamilton Harty sitting amongst a pile of hydro
phones 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 with reciprocating engines 
had a characteristic 'beat' due to the engines. 
whilst destroyers and larger ships filled 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 characteristic of the hydrophone diaphragm 
(and/or microphone) rather than of the vessel 
emitting the sound. As I 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 
sea.men. I have mentioned his secretary, Lt. Cdr. 
Ashlev A. Froude. He was an elderly man, the 
son of J. A. Froude (1818-94) the celebrated 
historian. author of Froude's History of Englund 
and biographer of Thomas Carlyle. Lt. Hamilton
Hartv I have alreadv mentioned: there were also 
LL. Bretl. a famous v'iolinist, and Lt. Rose. a Lon
don theatre manager. and one or two more whose 
names I forget. (Lts. Hamilton-Harty, Brett and 
Rose. with Mrs. Hamilton-Harty (Agnes Nicholls), 
gave a concert in the village hall in Aberdour to 
entertain 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 me a letter received by him at Hawkcraig 
from one of his native servants. which included 
the strik,ing 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. Ryan·s two dogs, which were great favour
ites of evervone. These were a. white cairn terrier 
and a red Water spaniel. The terrier 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 I 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 
quartet during a lecture on • speech synthesis' 
which he gave 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 artificial 
speech. to the delight of his audiences. 

There were several experimental ships atrnched 
to the station at Hawkcraig: H.M. Submarine B3, 
H.M.D. Tur/air. H.M.D. Hiedru. and Nyker. 
The last named was a sma II steam yacht used by 
Cdr. Ryan 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, etc.) of the navigation of a ship. 

The early experiments which Gerrard and I 
made at Hawkcraig were concerned with various 
forms of sound-receivers for use in the sea. e.J;., 

• Broca • tubes. 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-. 
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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 
hydrophone diaphragms and microphones, sug
gested listening direct with the two ears under 
water. 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 
note· 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 
days, 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 th~ 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 exJX>nential horns, we were 
supplied by S. G. Brown, for the B.l.R., with 
severa I long. solid horns made of wood or of 
paraffin wax, tapering from a diameter of 12 or 
15 inches at the base to about ½ inch at the tip 
in a length of several feet. These were tested at 
sea but for various reasons were unsatisfactory. 
Similarlv, two 'sound insulated' tanks were fitted 
on the port and starboard sides of Hiedru. Holes 
were cut in the hull and the tanks, exposed to the 
sea. were insulated from it 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 the water 
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-nlarine
signal company's bell some dislance away. The 
observations were somewhat 4ualitative 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 attemot was made to 
determine the principal frequencies when charging 
batteries. 

Experiments were made to devise a portable 
directional hydrophone. The first promising at
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 
water 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 properties. It was eventually replaced 
by a heavy metal ring and the diaphragm had a 
symmetrical boss turned at 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, after 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 
microphone. the whole being mounted in a massive 
metal ring. (Fig. 4). This was designed and brought 
to 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 sensitivity and directional 
accuracy (within I or 2°). but the single-diaphragn1 
type was much lighter and more portable and, as 
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Fig. 2. Single diaphragm type bi- or w1i-dircc1io11al 
hydrophone. 

and Oc10bcr, 1916, respectively. Dr. 
A. 0. Rankine now became a frequent 
visilor and introduced the ·photophone' 
to our programme of investigations. The 
dav after the arrival of Prof. Bra!!e as 
R.b.R., Prof. le Due de Broglie visited 
Hawkcraig. He came later (in August. 
1916) with M. Perrin. and again in 
December. 1916. 

We had often watched and listened 10 
Admiral Beatty's Battle Squadron as 
thev went out to the North Sea from 
Rosyth, but our feelings on 1st and 2nd 
June, I 916, were very different from 
normal when the stragglers returned to 
Rosvth after the Battle of Jutland. Only 
two ·weeks earlier both Admiral Jellicoe 
and Admiral Beattv were at Hawk
craig and now we· were hearing the 
reports of some of their fine ships sunk 
and large numbers of men lost. Shortly 
afterwards. on 17th June, 1916. His 
Majesty King George V was at Aber
dour visiting Admiral Beatty, and the 
day previously Mr. Asquith was at 
Rosylh. These events impressed us all 
more tlian ever before of the very 
serious issued involved in war. 

After the arrival of Prof. W. H. 
Bragg and the increased scientific 
staff at Hawkcraig in May, 1916, re• 
search was concentrated on further im

will be seen later. was easily converted from a provements of the single-diaphragm bi-directional 
bi-directional to a uni-directional hydrophone. hydrophone and methods of making it uni-direc-

ln addition to the frequent visits of Sir Ernest tional. Baffle-plates of slightly smaller diameter 
Rutherford and Sir Richard Paget during this than the hydrophone were mounted facing one 
early period, Admiral Sir David Beatty and Lady side of the diaphragm (see Figs. 2 and 3). These 
Beatty (who lived at Aberdour House) and their baffle-plates were of various kinds, lead-covered 
son David were fairly regular visitors, always cones of wood or lead-covered flat discs of wood, 
showing a lively interest in the hydrophones and and later F. L. Hopwood used hollow discs of 
in any attractive laboratory experiments. On one Xylonite partly filled with lead shot. The baffle 
occasion. in Februarv. 1916. Prince Louis of was only effective at a certain critical distance 
Batlenberg came with them. The Duke of Bue- of separation (about two inches) from the hydro
clcuch, who was chairman of B.I.R. Section II, phone diaphragm. The effect of the baffle was to 
also visited us frequently. In May, 1916, Prof. convert the bi-directional 'figure of eight' polar 
William H. Bragg, who had previously visited diaphragm into a uni-<lirectional figure having a 
Hawkcraig with Sir Ernest Rutherford and Sir broad maximum and a not-so-good minimum. 
Richard Paget, came as Resident Director of I have a note on some experiments in August. 

, Research, bringing additional scientific staff- l 916, using this hydrophone that we located the 
• T. C. Sutton (from Australia), and Prof. F. Ll. submarine G.4 at a range of four miles (weather 

Hopwood (from St. Bartholomew's Hospital, conditions not stated). Considerable numbers of 
London). and Prof. Bragg's secretary, Miss Wini- uni-directional single-diaphragm portable direc
fred Callis. He also brought additional mechanics, lion-finders were used, mainly by drifters and 
C. Menkens (from Australia) and J. Elliott (from other small craft, and a few on submarines (see 
Leeds). followed soon afterwards by T. P. Rigby Fig. 3) in their search for enemy submarines during 
and G. B. Burnside, F. B. Young (Bristol) and the war. 
R. S. H. Boulding (W. Duddell's assistant) joined A. 0. Rankine's photophone" 1 was fitted up 
the scientific staff at Hawkcraig in August, 1916, with the transmitting mirror at Hawkcraig and the 
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receiving mirror on the island of lnchcolmc:n, lf 
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 
earpiece. The light diverges and passes through a 
similar lens which projects the beam to the distant 
station. Two similar grids are mounted - one in 
from. of each lens. An image of the first grid is 
supcnmposcd 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-cleclric cell (actually one of 
Fourricr d'Albe's selenium cells) in circuit wilh a 
battery a~d telephones. The resistance changes of 
the selenium result in the reproduction of the 
original sounds in the telephones. (Note: There was 
then no ampl_ifier at the receiving end.) If, and 
when, the light-beam was picked up by a 
large scarchhght mirror at the receiving end 
on Inchcolm (I} miles away) the speech was 
easily audible and of good quality. But it was very 
cxaspcralmg lo the operators at both ends when 
the beam was not accurately directed and there 
was no alternative means of communication be· 
tween Hawkcraig and Inchcolm. Eventually, Prof. 
Bragg persuaded Cdr. Ryan 10 lay a spare length 
of hydrophone cable to be used as a telephone line 
between the two photophone stations, and this re· 
suited in a marked improvement. But, alas, about 
two \~eeks after:,vard_-;, when Prof. Bragg was 
attending a meeting in London. the cable was 
picked up again without apology or explanation, 
JUSI ·orders.· bv one of Cdr. Rvan's officers. On 
another occasiorl. when Prof. Bragg was out on 
H.M.D. Hiedra, he asked the skipper of the ship 
10 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 
asked the man lo do what Ryan had previouslv 
told him not to do and accepted all the blame, 
but the C.B. sentence had lo stand. I mention 

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

1
') On which stand lhe remains of an ancient monastery 

an~ a hermits' cell. At this time the monastery was 
bein~ used by a company of submarine miners (in 
command of Brigadier Dose). Some of us were made 
members of the Officers' Mess on Inchcolm. 
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these incidents in illustration of a 'state of strain' 
which was beginning lo develop al Hawkcraig al 
this penod, and shall have to refer lo this later. I 
could tell of a number of amusing incidents which 
occurred during the pholophone experiments, but 
one must suffice ! On one occasion when I was out 
in a small boat, maybe 50 or l 00 yards. from the 
transmitting end of the photophone on Hawkcraig, 
I could clearly hear the operator saying " I am 
speaking softly now," and I wondered what was 
the advantage of using the pholophone I The 
photophone was desi1.med for use as a short-ranoe 
station-keeping devic;;- between ships of a fleet, b~t 
so far as I know it wns never used for that purpose. 

Bi-direccional 
hydrophone 

L'ni-directional 
hydrophone 

L 

Fig. 3. Bi- and uni-dircclimwl J,ydropho11es fi//('d to 
submarines. 
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Vit,:. 4. D011hfe diaphra,:m rype 
bi-direcrio11al hydrophone. 

The photophone method of modulating a beam of 
lii!ht bv speech was. hO\vevcr, used after the war 
b~ Raiikinc for recording speech on film in con
nection with the development of 'talking' films. 
a process then in ils infancy. 

After his arrival at Hawkcraig in August, 1916. 
F B. Young and I 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 \.Vas mounted 
a carbon granule ·button· microphone might serve 
as a directional receiver in water. Such 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 
bodv 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 tests with a hollow glass 
ellipsoid indicated a direction ratio of 20 or 40/ I. 
whereas the theory (developed by Prof. H. Lamb) 
indicated only 2/1. By cleans 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 mainlv due to the microphone 
i1self( 3 ). Hence it appe"ared that there was little 
to be gained by adhering to the ellipsoidal form, 
a microphone being mounled in a small. light 
sphere being equally effective and possessing the 
advantages of greater compactness and rigidity. 
Although this type of hydrophone was not used 
under Service conditions. it proved very valuable 
as a research tool. We used such a hydrophone 
(one inch in diameler) in exploring the sound 
dislribution. direction and amplitude. around 
various bodies submerged in waler. It was in 
these experiments we discovered that the baffle 
etfecl in the uni-directional hydrophone described 
above was due primarily to the air film enclosed 
in it and nm to the solid materials which en
closed the air film! The 'displacement· or • vel
ocity· hydrophone as il was called is less sensitive 
than a' pressure· (diaphragm) hydrophone of com
parable dimensions. but it serves not only as a 
detector but also as a direction indicator. We 
also used these small ·velocity· and • pressure· 
hydrophones to explore the sound distribution in 
shallow water. and observed Lloyd's mirror inter
ference effects due to interference bet\veen "direct' 
sound and sound reflected from the water surface 
and the bouom. 

In connection with the above-mentioned ex
periments. F. B. Young and I devised a system 
of intensity-loudness calibration, usiog a resist
ance shunt in the microphone circuit calibrated 
to an intensity scale by means of a vibration 
galvanometer at frequencies between 500 and 
1.600 c/s. Sounds in the • unknown • region of the 
:,;ound field were adjusted by means of the resist
ance shunt to equal loudness with the sound in 
the ·free· undisturbed sound field. We found also. 
in conformitv with the Weber Fechner law. that 
•• the increaSe of stimulus SE to produce the 
minimum perceptible increase of sensation is pro
JX)rtional to the pre-existing stimulus E." In the 
case of our measurements of sound intensitv under 
water it was found that SE/E \Vas appro;imately 
O· l in the absence of extraneous noises. This 
observation has often been confim1ed since by 
other experimenters in this country and the 
U.S.A. We had no means, at that time of course, 
of measuring sound pressures in dynes/cm\ or in 
decibels-the db had yet to be' invented.' Measure
menb were also made of the frequency sensitivity 
of the ear, at various frequencies. 

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

(~ 1 See Proc. Roy. Soc., l00 (1921), 252 and 261. See also 
·• Sound,'' A. B. Wood, G. Bell and Sons Ltd .. 1930. 
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to excessive water 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 prcxluced 
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 tesls were abo made of a depth
sounding bomb sent up to Hawkcraig by Sir 
Richard Paget. The depth was to be detem1ined 
from the time of fall of the bomb from the water 
suriace to the bottom, the impact on the bottom 
being indicated by an explosion of a small charge. 
A recorder designed by W. Du<l<lell indicated the 
instants of release and impact, and by calibration 
in known depths of water its depth as a function 
of time \Vas found. The sugg'esled alternative 
acoustic method of wking soundings by means 
of echoes from the bottom was then considered 
impracticable owing to the short time intervals 
involved and to the faintness of the echoes which 
a Fessenden oscillator had been found to produce 
from a hard sandv lx>ttom. The trials of the 
bomb were a history of failures(~). It was hoped 
that this D.S. bomb could he used Lo take sound
ings at speed and D. of N. attached the highest 
importance Lo the work. The price quoted in 1916 
fer its manufacture in quantitv was 30s. each. We 
know now lhat echoes are rnuCh cheaper! 

During the early tests of the D.S. bomb and 
recorder. William Du<ldell 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 wrote a B.I.R. reoort on 'The 
general question of detecting subma'i-ines by elec
trical and electromagnetic means·_ an excellent 
summary of the subject with the facilities avail
able at that time. It was. however. not until the 
experimental station moved to Harwich (Parkes
ton Quav) that investigations of electrical. electro
magnetiC. and magnCLic methods of submarine 
detection were taken un seriouslv. Other visitors 
to Hawkcraig late in 1916 were Vice-Admiral Sir 
Richard H. Pierse (who was a member of the 
B.l.R. Central Committee). Admiral Comman<ler
in-Chief, Rosvth. and Ladv Hamilton and their 
<laughter: Prof. J. E. Peta val (Professor of En
gineering at Manchester University. and later Sir 
Joseph. Director of the National Physical Labora
tory. Te<l<lington): and Mr. Richard Threl-

,,i A Report on the history and demise of Lhe Depth 
Sounding Bomb was writ1cn by F. B. Young and 
A. B. Wood in a Shandon A.E.S. Report dated 22nd 
January. 1919. 

fall. who later invented the 'sticky' (phosphorous) 
bullets which spelt the fate of the hydrogen-lilied 
Zeppelins: he was later knighted for this, and it 
required some effort on the part of Lady Bragg 
to diss~ade him from appearing at Buckingham 
Palace for the ceremony in soft trilby hat, tweed 
coat and brown shoes ! 

I first met Captain W. L. Bragg, Prof. W. H. 
Bragg·s son. at Aberdour in 1916. on one of his 
home leave visits from France where he was 
serving in the Army Sound Ranging Corps, and 
several times subsequentlv at Parkeston Quav 
( 1917-19). It was short Iv before this that thev 
were awarded the Nobel ·Prize (Phvsics) for their 
work on X-rays and crystal structu~e. 

Towards the end of 1916 it was becoming clear 
that if we were to make more rapid progress we 
should have to pan company with Cdr. Ryan's 
small establishment at Hawkcraig. When Prof. 
Bragg explained the situation to Lord (A. J .) 
Balfour, the latter suggested that Cdr. Ryan should 
be moved. but Prof. Bragg said it would be belier 
if the civilian staff should move as Rvan was there 
first. So on 26th December. 1916 Pro( W. H. Bragg 
and his family, with all the staff. except F. B. 
Young. myself and G. B. Burnside (\vho was then 
a mechanic). left Hawkcraig. Aberdour. to start a 
new Admiralty Experimental Station at Parkeston 
Quay. Harwich. F. B. Young and I stayed behind 
to complete our experiments. to which I have 
already referred. on Cullaloc Reservoir. We finally 
left Aherdour and re-joined our staff at Parkeston 
Quay in March. 1917. Besides completing our 
sound-field exnerirnents with the direction-finder 
and baffte. we had one or two other interesting 
experiences. In connection with depth-sounding 
bomhs. we had occasion to visit the navigating 
officer on H.M.S. Lion at Rosyth. He proved to be 
Capt. the Hon. A. C. Strull. R.N .. the son of Lord 
Rayleigh. He told us that in the Jutland battle. 
and iuckilv whilst he was on the bridge, a shell 
passed thr0ugh his cabin. explo<ling fur'iher inside 
the ship. The heat from the shell had burnt up 
everything in his cabin except his iron bedstead and 
the ends of his golf clubs! A short time after this I 
visited the battleship Emperor of India-also at 
Rosyth-to have a look al the tJOrt and starboard 
hydrophones. After heing told 1!1ey were all right, I 
examined them and found they were full of water! 
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Perhaps one of the most colourful, if not the 
most profitable (from a Naval noint of view). of 
our experiences in this period· was mv contact 
with ·Captain· Woodward of Hengler's ·circus in 
Glasgow. It had been suggested to the B.l.R. 
that sealions might be !rained to hunt enemy 
submarines. in::,;tead of fish. and to betray their 
position to our M.L's or destroyers. Captain 
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Woodward. a famous sealion trainer, had been 
a.skcd to experiment \1,.1ith his animals to see what 
were the possibilities of doing this. Alter he had 
made some preliminary experiments, l was asked 
hv the B.I.R. Section II secretary (Sir Richard 
P3get) lo arrange a visit to see what progress 
Captain Woodward had made. Consequently. on 
6th Januarv 1917. I travelled from Aberdour to 
Glasl!OW a,;d met him at Henglcr's Circus, where 
I had a front row complimentary seat and saw 
the whole performance. which included the won
derful balancing feats of his sealions. After the 
show L was intfoctuced to the sealions and some 
of his assistants. The next day. Sunday, 7th 
January. experiments were made with two sea-
l ions. 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 pool to the other. 
the tails of the trout operating at very high 
frequency (ultrasonic!). This continued, the sealion 
disregarding all appeals from the hell, 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 t_his 
stage, the bell tinkled again and the seahon 
responded at once and came up to be fed with 
dead fish. Subsequently, realising the futility. of 
chasing trout, it became more and m_ore attentive 
to the bell signals. Further expenmenls were 
made with the second sealion in an open-air 
swimming pool (48 yards long) _in a park. H~re 
iL was demonstrated that the animal could easily 
be trained, in the absence of fish. to respond to 
verv faint underwater sounds (the tinkle of a 
polly's harness bell) even whe1_1 swimming under 
water at high speed (about eight knots); under 
these conditions its hearing compared favourably 
\\'ith 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 easilv be heard bv the hydrophone when the 
animal broke surface .• (The report on these ex
periments was issued in B.l.R. 2228/ 17). In a later 
series of experiments. in which f 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 na~al officers, concluded with 
the succinct remark: It 1s recommended that 
these animals should now be allowed to return 
to their legitimate business." As a sequel to all 

this, I 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 
discovercd-mv report was issued by the B.l.R. 
as 'secret' and 'subject to the provisions of the 
Official Secrets Act.' 

Whilst we were at Hawkcraig other civilian 
scientists were working in various universities _on 
B.LR. problems dealing with underwater acoustics. 
For example. G. Barlow and H. B. K_een_e 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 to indicate tuning to a 
frequency component present in ~ complex. a.c. 
(such as mi!!ht be due to submarine noise m a 
hydrophonef This method was stated to be more 
sensitive than the vibration galvanometer methods 
which we had tested 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 cxper'imental 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 Lamb (then Professor of Mathematics 
at Manchester University). Lord Rayleigh and 
Prof Lamb both did some theoretical work 
on ~nderwater acoustics. e.g., ' sound waves in 
water as modified by reflection at the surface'
discussing the reversal of phase wh_ic~ occurs 
when sound is reflected from a water-air mtcrfacc. 

In conclusion. the relatively short period of our 
stay. November, 1915, to March. 1917, at Hawk
craia:. 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 
appreciated the implications of the fact that_ the 
velocity of sound in the sea was about .4½ times 
1hat in air and that wavelengths were increased 
in the same proportion. We learnt a lot about 
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 IO or 12 miles. We discovered 
ways of obtaining soun<l direction under water. 
using devices considerably smaller _in _linear dimen
sions than the wavelength of the incident sound. 

I think we derived a verv 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 an<l university scientists, we found. had 
much in common anci" had much to learn from 
one another. 

When F. B. Young and I linally left Aberdour 
in March, 1917, to join our new B.I.R. Admiralty 
Experimental Station at Parkcston Quay. Harwich. 

we felt in a much belier shape to tackle anti
submarine problems than in the early days at 
Aberdour. At Parkeston Quay. where Admiral 
Tyrwhitt"s destroyer and submarine flotillas \Vere 
hased, we had belter sea and laboratory faciliLies. 
increased staff, and altogether much better scope 
for developing new ideas into ' hardware: 

ADMIRALTY EXPERIMENTAL STATION, PARKES1'0N QUA}' 
(lfARJt"ICH) 1917 to 1919 

The Resident Director of Research. Professor 
W. H. Bragg. and staff left Hawkcraig. Aherdour. 
at the end of 1916 "to reopen on ncv,· premises·· 
at Parkcston Quay, Harwich, at the beginning of 
1917. F. B. Young and I followed them from 
Aberdour in March. after the completion of some 
experiments to which I have previously referred. At 
Parkeston Quay the conditions for sea rcse.·uch 
were in many ways a great improvement on those 
at Aberdour. A greater number and variety of 
ships were available. workshop and laboratory 
facilities were considerably bcller and a large 
increase of scientific. clerical and workshop staff 
was provided. The workshops and laboratories 
were situated between the railway 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. 
Maidstone (Capt. Waistell. R.N.). a clipper built 
about 1905 used as a depot ship, oflicers' quarters. 
and mess for submarines {mainly ·E· class) based 
on Harwich. (H.MSs Pandora and Forth. moored 
at the quay near Maidstone, served a similar 
purpose for the ·c· class submarines.) The scien
tific staff were also made members of the Maid
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 lo 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 expcrimcnb. 

Harwich is situated at the confluence of the 
rivers Stour and Orwell and the entrance to the 

27 

harbour is partially 'screened' from the North 
Sea by the peninsula ending in Landguard Point 
and upon which Felixstowe stands. Parkeston 
Quay, a little to the west of Harwich, is on the 
south side of the Stour. so that vessels leaving or 
approaching Parkeston Quay have to negotiate a 
buoyed channel. At the period of which I am 
writing a picturesque feature of the Stour. viewed 
from Parkeston Quay. was the old Ganges. used 
as a depot ship. moored just off Shotley. It was 
said that at dusk the singing of the nightingales 
near the Shotley Naval Hospital could be heard 
from the Ganges. The submarines and destro:ycrs 
of Tyrwhitt"s squadron were moored in the Swur 
near Parkeston Quay and Harwich. 

In a short time after our arrival at Parkcston 
Quay from Abcrdour. our scientific staff grew 
from the 'Aberdour Six' to well over 30: the 
number of mechanics increasing from llve in 
an even greater proportion. to about 50. As no 
group photographs of the scientific staff were ever 
taken. either at Abcrdour or Parkeston Quav. 
l think it might prove of some interest if 1 gave ·a 
list of their names with a ·shorthand' indication 
of their main occupations at A.E.S .. Parkeston 
Quay: 

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

Research. 

Professor (Major) A. S. Eve, F.R.S. 

Dr. A. 0. Rankine 

Deputy R.D.R. 
Succeeded Prof. Bragg as 

Resident Director of 
Research when he wenl to 
the A.S. Dept., Admiralty. 
about the end of 1917. 

Chief Research Assistant. 
and later R.D.R's deputy. 
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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 

J. H. Powell 
J. H. T. Roberts 
H. R. Rivers Moore 
B. S. Smith 

A. B. Wood 

F. B. Young 
L. Hartshorn 
R. S. J. Spilsbury 
F. D. Smith 
R. E. Gibbs 
W.Jevons 
W. F. Rawlinson 
J. Anderson 
J. A. Craig 
T. C. Sutton 

G. Williamson 

F. P. Burch 
-- Place 
-- Brookes 

Asdics. 
Sound ranging (underwater). 
Microphones. 
A.C. unit and leader gear. 
Hydrophones. Loops. 
Hydrophones (D.Fs and 

'bias'). 
Hydrophones (rubber types). 

towed 'binaural' and ·sum 
and difference' methods. 

Sound recording. 
Instruments. 

Hydrophones-all kinds. 
Hydrophones. 
Leader gear. 
M icrophoncs and magneto

phones. 
P.D.Hs., loops, 'A' mines. 

sound measurements. 
Electrode 'search gear'. 
A.C. unit. Relays. 
A.C. unit. 
Electrolytic condensers. 
Relays. 
Electrode search gear. 
Asdics. 
Asdics. 
Instruments. Electrode gear. 
Hydrophones (towed from 

aircraft). 
Hydrophones. 

Parson's siren. 
Electrode search gear. 
Electrode search gear. 
Electrode search gear. 

Asdics. 

The following lieutenants 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. lonides, Wells, H. Ham
ilton (N.Z.). Saville, Wylie, and Capt. A. J. 
Roberts, R.A.F.(N.Z.). 
Professor J. C. McLennan and Kenneth King

don (both from Canada). working on magnetic 
mines ('M' sinkers). divided their time between 
Parkeston Quay and Mining School, Portsmouth. 
It should be understood, of course, that the 
scientists in the list given above also frequently 
worked on other research items in addition to 
those I have indicated. 

On the engineering desigrl 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 secretary) with Misses E. Gerrard and 
M. Milsom, took care of the clerical work, and 
Messrs. 0. H. Dyke, Staddon and C. M. Hubbard 
the stores. 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 Parkeslon Quay, work 
continued on the lines developed at Hawkcraig. 
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.l.R. Fleet' grew 
rapidly. as illustrated in the list of scientific staff 

,--

H.M.S. Ganges 

indicated above. In addition to submarines, patrol 
boats (' P' boats) and destroyers available 'on the 
doorstep·, we had our own vessels: M.L. 14. 
H.M.T. Nellie Dodds. H.M.D. Hiedra (from 
Hawkcraig), 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 I forget. With Admiral Caley's per
mission we were also enabled to make good use 
of the lwo large gatcships (Hautpur on the Land
guard side, and another on the Harwich side). 
These two ships, each of length 200 ft., moored 
about 180 yards apart, formed very stable plat· 
forn1s with plenty of free 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, destrovcrs, cruisers and small craft--on 
which we could. test our experimental equipment. 

The list of staff and research items shown 
on page 28 gives an over-simplified impression 
of the numerous research items with which we 
were concerned. If I were to try to enumerate 
them all it would certainly appear that al Parkes
ton Quay we 'skimmed the cream' off manv of the 
submarine detection, location and des~truction 
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', useful 
in time of war. new knowledge was obtained on 

item. Much of the work of testing P.D.Hs was 
done in the relatively quiet waters of the Stour. 
using the barge Excelsior as a floating lahoratory, 
and one or other of our 'fleet ' of ships to circle 
around and provide the source of sound. Alterna
tively, a source of • white noise' (analogous 
lo 'white light', as including all frequencies in a 
wide range) was provided by a ·raulcr'-a thick 
steel plate struck by a hammer about 20 times a 
second, and a 'rumbler'-a motor-driven drum 
containing miscellaneous pieces of metal and 
which 'rumbled' or 'rattled' around inside. Range 
tests of the hydrophones were generally made out 
at sea in the neighbourhood of the Cork lightship. 
A new reproducible baffle (or 'bias), to make the 

Workshop Staff at A.E.S. Parkcstoll Quay, Harwich, /918 

hydrophone uni - direc
tional. was developed. 
In its final form this 
baffle consisted of a len
ticular disc of xylonilc 
with an air cavity con
taining lead shot as 
damping material. This 
is shown 111 Fig. 2. 
M u c h effort a I s o 
went into the standardis
ation of sensitivity and 
frequency range of both 
granular button micro
phones and hydrophone 
diaphragms. Both 'single' 
and 'double' diaphragm 
hydrophones were used 
in considcrahle numbers 
by small craft from mid-
19 I 7 lo the end of the 
war in November, 1918. 
In a drifting ship, under 
average weather con
ditions, they could detect 

fundamental principles relating LO 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 destruction 
of submarines below the surface of the sea. In what 
follows, I propose to refer briefly to some of the 
more important prob]ems with which we were 
immediately concerned at Parkeston Quay. 

At Hawkcraig we had laid down the basic 
principles in the design of a portable directional 
hydrophone (P.D.H.) and had made the first 
successful model. The work of making a reliable 
~service type' P.D.H., either bi- or uni-directional. 
and lo get these hydrophones into service as 
quickly as possible was therefore a high priority 
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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 speed of the ship. These 
directional hydrophones were sometimes fined on 
the superstructure of submarines. and others were 
used in towed streamlined bodies astern of the 
aerated wake of the towing vessel, the orientation 
of the hydrophone being motor-controlled via a 
multi-core cable to the ship. 

Reference has already been made LO the 
use of Commander Ryan's 'port and starboard 
pairs· of hydrophones in submarines and surface 
ships. Ryan also controlled a series of about 
20 hydrophone stations at suitable situations 
around the coast. These were fitted with a number 
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of tixed non-directional hydrophone.-;, on moor- r----

ings or mounted on tripods, connected by cables 
to a listening post ashore. They kept a constant 
watch on all vessels approaching estuaries and 
harbour entrances. Numerous other fom1s of 
hydrophones were designed for various purposes. 
Instead of using resonant metal diaphragms lo 
receive the sound, some of these hydrophones 
were constructed entirelv of thick rubber enclos
ine. a small air space cOntaining the microphone 
(w-hich also had a rubber annular diaphragm to 
replace the more usual micra annulus). These non
resonant hydrophones were designed to give a les.s 
distoned impression of the characteristic sound 
of a ship. Some were spherical in shape, three ~'.-- _ • 
or four inches in diameter. other.s cylindrical 1 

• 

(length equal to diameter)-known as 'chunks.' The Walser Rlisrcr gear, /918. Asdic or hydropfzo11c dome 

Many forms of towed hydrophones (fishes). ' Eels.' 011 lcfr. 
• Porpoises.' etc. were tested, !-iome carrying a 
single hydrophone. others having several. Pairs of 
hydrophones were often used binaurally, with 
suitable spacine.. to obtain directionality. an 
American • bin;ural compensator· being em
ployed a.s an allernative to mechanical rotation of 
the line of hydrophones. Pairs of electrical receivers 
(hydrophones) were also used either binaurally or 
bv the ' sum and difference· method to obtain 
directionality. Mv own impres.-;ion of towed hydro
phones in gener3I use at this time was not very 
favourable. At speeds above three or four knots 
extraneous noise due to towing rope vibration. 
water noise and own ship"s propeller noise tended 
to mask the • wanted • noise of a distant ship or 
submerged submarine. and range.-; of detection were 
consequently rather small. Atlcmpts were made to 
tow hydrophones from a low-flying seaplane off 
Felixtowc, but the results were not very encourag
ing. A novel form of directional hydrophone system 
fitted to the hull of a ship was su£1!ested by 
Lieutenant Walser of the French Navy. This con
sisted of a pair of • blisters' on port and star
board sides of the hull. These blisters, 3 or 4 ft. 
in diameter, were spherical steel surfaces covered 
with a large number of small diaphragms (ap
parently like a magnified fty's eye). The sound 
from an extcrna I source was brought lo a focus 
inside the ship and the direction determined _by 
the position of this focus, the operator hstenmg 
to the airborne sound picked up by two (pon 
and starboard) collecting cones. I never actually 
listened to the ' Walser Gear.' as it was called. 
but I remember meeting Lieutenant Walser when 
he visited Parkeston Quay. His 'blisters• were 
fitted to ships in the French Navy but, so far as 
I am aware. we never used f)lem 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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three knots on motors submerged there was hardly 
any background noise and destroyers could be 
heard many miles away. When the submarm~ was 
at rest on the bottom of the North Sea the silence 
was impressive and the ranges of passing. vessels 
considerable. On some of these submanne ex
peditions I was frequently accompanied by a 
young submarine officer. Lieutenant Leslie, R.N., 
who was experimenting with towed W /T aerials 
using a box-kite to keep them above the water. In 
his first allempt he lost the kite, the first 'dot ' 
having burnt the bit of string which tied it to !he 
aerial ! Not long after this he was reponed 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 that some form 
of objective measurement of relative sound in

tensities was urgentlv required. Earlier r referred 
to sound measuremCnts made at Hawkcraig and 
at Cullaloe Reservoir. but I felt that the require
ment now was for a portable direct-reading instru
ment. I first used a hot-wire indicating instru
ment in the secondary circuit of a microphone. but 
this was far too insensitive. Eventually. I tried 
a carborundum-steel rectitier. as used in W /T on 
ships. and, to my surprise, found that ordinary 
hvdrophone sounds gave rectitied currents which 
w~re casilv measurable on a D.C. micro-ammeter. 
After experimenting with various types of rectify
ing contacts. e.,;.. carborundum-steel. zincite
bornite, zincite. platinum. silicon-steel. tellurium
zincite, and different transformers, T found that cur
rents of the order 100 to 1,000 micro-amps were 
easily obtainable when ships passed a hydrophone 
at short ranges of I 00 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 acoustic applications. e.g., (I) directiona] 
characteristics of bi- and uni-directional hvdro
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~! only did the 'before' 
measurements!); (4) rise and fall of sound intensitv 
as a ship approached towards and receded fron1 
a hydrophone; (5) the variation of sound output 
with speed of a motor driven cavitating propeller: 
(6) water noise 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. I 
laid a hydrophone on the botlom between the gate
ships at Harwich and arranged a 'crystal • circuit 
to opcmte l\vo 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 
subsequenlly 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
cotUact mine. We had manv visitors to see these 
demonstrations at the gateships. In May, 1917. 
soon afler the proposal for an acoustic mine had 
been submitted lo the Admiraltv. Mr. Richard 
Threlfall was at Parkeston Quay and told me that 
Admiral Lord Fisher (Chaim1an of the B.I.R. 
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 J unc, we had other visitors: 
Sir J. J. Thomson. Vice-Admiral Pierse, Sir 
Charles A. Purvis. Sir Alfred Yarrow. Professor 
0. W. Richardson and Professor C. G. Barkla. 
As at Aberdour. Sir Ernest Rutherford and Sir 
Richard Paget were frequent visitors to Parkeston 
Quay. staying at the Alexandra Hotel in Dover
court. R. W. Paul was also in and out of the 
laboratories at Parkeston Quav 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 lo Parkeston Quay from Dover
coun ! He used it to contain his magnet system, 
to be tested. submerged, with a ship running past. 
Unfonunately, on the first test the watertight 
joint under the lid of the slop-pail failed and his 
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lovely pivoted magnet system was put out of 
action. About this time also Rankine and I were 
testing a new Evinrude outboard motor fitted to 
a small boat. We started off gaily from Parkeston 
Quay lo go to the gateships, but as we were pass
ing Harwich pier we were caught by a fast tide. 
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 
steer close to one of the gateShips where a rope 
was thrown 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 October, 
1917, and continued until April. 1918. During 
most of tilis period I was in Portsmouth. at 
• Mining School· Gunwharf. Some of the staff 
here were Captain Napier, R.N.; Commander 
Gwynne, R.N.; Licut.-Commander Murray, R.N.; 
Lieutenant Bud gen. R.N.; and R.N. V.R. Lieu
tenants Lamb, Henderson. Anthony and Pickford. 
(Lieutenant 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 fitted in a 
hemispherical ground mine (known as the 'M 
sinker'). which was motionless after laying. It 
seems advisable at this point lo continue my re
marks on the development of these two min~ 
rather than to break the continuity by referring 
here to other important work at Parkeston Quay 
started prior to the Mining School trials_ The 
development of the acoustic mine was considered 
sufficiently important for Professor W. H. Bragg 
(then Resident Director of Research at Parkeston 
Quay and soon afterwards Scientific Adviser to 
the Director of the Anti-Submarine Department, 
Admiralty) 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 • iso-sonic lines· around various ships 
(destroyers, submarines and mine-laying trawlers) 
using the crystal rectifier system to measure the 
microphonic currents from a hydrophone fitted 
on the 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 Quay 
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observations had previously shown. Then came 
the coumermining trials which gave the first severe 
setback to the scheme. The violence of the shock 
from a nearby countermining charge dished the 
steel diaphnigm and smashed the carbon granule 
microphone. For more distant countem1ining ex
plosions, the reverbcralion 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 
plate 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 to cut out the mine 
firing circuit for any desired period (usually about 
a minute). Several thousands of these mines were 
ready for laying when the end of the war came 
in November. 1918. 
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Siwek co11tacr (hold-off rype) for sound ranging, 1917 - 18. 

Whilst the 'A' atlachment trials were in pro
gress, Professor J. C. McLennan (McGill, 
Montreal) and Kenneth Kingdom were working on 
F. E. Smith's magnetic mine. In principle, this mine 
used a magnetic system of two bar magnets. one 
having a large moment of inerLia 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 to the 
other Would bring the wires into contact and fire 
the mine. The mine was not allowed to come into 
operation for some time after laying in order to 
permit the two magnets to1 settle down in the 
natural N-S position. The subsequent passage of 
a steel ship over the magnetic system would then 
deflect lhe small magnet more quickly than the 
larger one and consequently cause firing. I well 
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remember Professor McLennan 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 I also remember a little later when the 
• purely formal' countermining trials of the 
magnetic mine took place in Spithead. The 
hemispherical ground mine (the • M sinker') was 
laid and a firing lead from it brought lo the 
'observing' ship and connected to an indicating 
bell circuit. The countermining charge, about half 
a ton of T.N.T.. was laid about 100 yards away, 
also on lhe sea bed, like the • M ' mine. When the 
countermining charge was fired the bell rang and 
continued to ring for at least a minute: the cause. 
no doubt, being due to the ground shock of the 
explosion violently shaking both magnets which, 
in their undamped condition. continued to close 
the firing contacts inlem1ittently for so long a 
period. Needless to say. lhe A.C.M. (anti-counter
mining) mechanism. shock contact and clock, of 
mv acoustic mine now became a matter of more 
ur'gcnt interest for the magnetic mine ! The clock
work delay mechanism finally chosen for this 
purpose was a modified 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 I have 
no reliable information as to their effectiveness. 

Whilst still at Mining School. in December, I 917, 
I devised an acoustic firing system known as the 
• shunt-relay unit," which was considerably simpler 
than the crystal unit. requiring much less current 
and having a much longer • life.' In this new 
system the ·chattering' contact 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-relay acoustic 
mine was used extensively and with success during 
the 1939-45 War. 

Soon after returning to Parkeston Quay at the 
end of April, 19 I 8, I had the good fortune to meet 
Professor C. V. Boys (who was visiting A.E.S. 
Admiralty). Whilst discussing with him the 
'frequency 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 handful] of 
diamonds.' Pressure of the hand on these, the 
hardest of materials, 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. I experimented with what we called • vibra-
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lion integrators.' Several forms of these were de
signed on the principle that the friction between 
two surfaces in contact is reduced when one (or 
both) of the surfaces is in vibration. The continued 
vibrations of a_ diaphragm have an •additive' 
effect on a spring-controlled moving arm which 
closes a • local ' cont□ ct. A simple resetting device 
':"as fi~ted so that the integrator was continuous 
m action so long as the vibrations were main
tained. Such a device in an acoustic mine takes 
current from lhe (limited) battery supply only when 
t~e diaph_ragm is in v~bration. As a simple altcrna
t!ve to this, for use with the shunt-relay mine mcn
lioned above, I u_sed non-polarising sea-water cc11s. 
e.1,:., carbon-cast iron or carbon-zinc with sea-water 
electrolyle, capable of supplying a small current 
(of the order of a few milli-amps) for an almost 
indefinite period. A '_horn' battery of iron-carbon 
was all lhat was required to energise a shulll-rclay 
unit for a very long period (at leasl equal to the 
ordinary life of a mine). 

This brings me back Lo Mav, 1917, when I was 
using a crystal rectifier as a i-neans of indicating 
visually the small alternating currents from hydro
phones. and as a means of actuating an acoustic 
mine. About that time also I had several mhcr 
urgent interests and the day-to-dav work was 
divided belween them as circumstances. avail
ability of ships and workshop staff, etc .. allowc'CI. 
I have mentioned previously that we had tested a 
Marconi 'Round' valve at Aberdour in 1916. A 
few other types of valve became available in 1917, 
soon after our arrival at Parkeston Quay. A 
Pliotron 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 one 
or two more kinds. In July. 1917, lhe Marconi 
Co. supplied us with a wireless ,elephone equip
mem for use between Parkcslon Quav and our 
ships doing trials a few miles awav. ( remember 
the thrill we had when talking from Hiedra at 
the gateships to Orion uo the River Stour. This 
equiPment contained valve amplifiers, and Captain 
H. J. Round of Marconi's came to Parkeston 
Quay to make tesls of ils satisfactory operation. 
As may be expected, these valve ampliliers were 
soon in great demand and proved useful in many 
ways, to which I shall refer later. 

We had several aeroplane raids over Harwich, 
Parkeston Quay and Dovercourt in which only a 
few enemy planes took part and not much damage 
was done. The craters formed by exploding bombs 
m the mud flats near Parkeston remained water
filled, but exposed at low tide. till the end of the 
war. A Zeppelin raid over Felixstowe and Essex 
on the night of June 16th, 1917. provided quite a 
spectacle. Firing started from Harwich at about 
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2 a.m. and we could see the Zepp. held in the 
searchlights and could hear our own planes 
attackmg. 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-At the suggestion of Threlfall, 
the B.l.R. had formed a committee 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 much more expensive than hydrogen.) 

In July, 1917, H. Gerrard and I started a series 
of experiments to explore the stray magnetic field 
from the electric motors of submarines. At Jirst we 
took portable multi-turn coils and telephones in
side •E' class submarines, and by listening with tele
phones connected lo lhe coil we could pick up the 
hum of the motors and other 'noises' which we then 
ascribed to sparking at the brushes. We also used 

'£' class s11b11wri11cs at Parkc.~1011 Quay, 1918. 

large multi-turn coils on the drifter fliedra-both 
horizontal coils around the deck and vertical coils 
suspended from the rigging. Approaching a sub
marine with its motors running we could pick up 
the stray field at distances up to 40 or 50 feet 
(using a 2-va]ve amplifier), the vertical coil giving 
better results than the horizontal. Eventually we 
laid a 24-turn loop on the seabed between the 
gateships and listened to submarines. destrovers 
and other ships passing over it. To our surPrise 
the motor hum was much less noticeable than an 
irregular noise. of indefinite frequency. which was 
always associated with the propellers of the ship. 
Using a valve amplifier, a crystal rectifier and a 
Brown microphone relay it was found possible to 
ring a bell as a submarine or destroyer crossed 
the cable loop. Experiments were made on varv
ing the number of cores of the cable. the width of 
the loop, and on the effect of armouring. The 
cause of this variable field ('V.F.' effect as we 

217 



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 commutator to convert the slowly varying 
currents into intermittent current of audio 
frequency. I tried 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 SO yards 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 at 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, 
I found, on the average. that submarines and 
destroyers produced a rise of voltage 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 Crichton 
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 reflecting galvanometer. In my 
experiments at the gateships. where the water 
was comparatively shallow. I 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 
larger loops in deeper water troubles arose which 
were unforseen at Harwich (with its very small 
loop between the gateships in very shallow water). 
Magnetic disturbances due to local tramway 
systems, magnetic storms. etc .. produced galvan
ometer deflections at 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 much painstaking research, 
using balancing land loops. crossed seabed loops, 
ere.. the svstem became a standard method of 
harbour defence. Professor J. C. McLennan, to 
whom I have referred in connection with magnetic 
mines. also did some useful theoretical work to 
determine the most suitable galvanometers for 
use with loops. He also analysed loop records to 
determine the magnetic moments of the ship, 
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 experimenting 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 
apart in line astern near a moving submarine, he 
obtained the so-called V.F. effect much more 
strongly than Gerrard and I had observed it by 
the coil or 'loop' method. Young was definitely 
of the opinion that the observed effects 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 indefinite 
frequency, heard when the shaft revolves being 
due to irregular electrical contact between the 
shaft and its bearings. F. B. Young, with the 
assistance of W. Jevons. Captain lonides. R.A.F., 
and Messrs. Brookes and Place. developed this 
V.F. 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 extensivelv 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 ScaJY& Flow it did not work at all well-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 stern 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 according to 
the particular use envisaged. This towed silver 
chloride electrode system has also been used in 
peacetime for the location of wrecks (which are 
often good 'corrosion batteries') and of cable 
faults (in Transatlantic cables off the West Coast 
of Ireland). 
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As an interesting diversion from the acoustic 
mine and 'loop' trials to which I have referred 
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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 to revolve and 
produce the sound, was replaced by a high-speed 
jet of water forced through the siren by a water
pump in the ship. On a number of occasions 
range trials were made in the North Sea about 
30 miles out from Harwich. Generally. three 
ships were used: (I) H.M.D. Thruster, operating 
the siren (F. B. Young, G. Williamson and A Q. 
Carneeie on board; (2) H.M. Patrol Boat P.31, 
fitted - with service hydrophones on the hull 
F. LI. Hopwood and J. H. Powell on board; and 
(3) H.M. S/M E53. fitted also with service hull 
hydrophones (Lt. Leslie and myself on board). 
The programme was to start the trials a few miles 
beyond the Cork lightship, the submarine to 
submerge and sit on the bottom whilst T/rrus/er 
left us at a known speed up to a range of about 

"E' class submarines and mother ship H.M.S. Maidstone 
at Parkcsto11 Quay, 1918 

20 or 30 miles, making recognisable signals on the 
siren at specified times. 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 I 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 to 
wait on the bottom for about two hours, when the 
submarine commander decided to surface. We 
had hardly broken surface when the destroyer 
rushed past us at high speed and very short 
range measured in yards. creating a certain 
amount of alarm in the submarine ! On reaching 
harbour the Captain of Thrus/er 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 

the trial was a • \\'ashout,' and was getting worried 
that we hadn't surfaced earlier. I always enjoyed 
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 pan of 
the fun. It would be difficult to imagine a more 
peacefu I spot than the bottom of the North Sea 
for the enjoyment of a quiet lunch! Sitting quietly 
on the bottom we could occasionally hear passing 
ships. even without hydrophones, the sound coming 
directly through the hull. The water of the Nonh 
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 latter employed the principle 
that the pressure pulse emitted by a gun on firing 
a shell can be detected and recorded by a series 
of hot wire microphones extending along a sur
veyed base line, using a six-stringed Einthoven re
cording galvanometer. Knowing the velocity 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 Quav 
occasionally. Using a surveyed base line of about 
six hydrophones extending 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. S. H. Boulding. After pre
liminary work at Parkeston Quay which showed 
that the method seemed promising. even a small 
charge at several miles range gave a clear-cut 
' 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 
located very accurately. A detonator could be re
corded at a range of two or three miles. 9 ozs. 
of gun cotton at 9 or 10 miles, 2¼ lbs. T.N.T. at 15 
or 20 miles. It required much larger charges, 
around 300 lbs. 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 metres/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, i.e., 
the 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 stations. 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-marker (seconds, tenths and hundredths) 
could. by estimation, give the time-intervals be
tween the arriva I 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, after 
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
quired a continuous photographic 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 otf 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 were 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 afterwards. They were 
also used to fix the position of monitors prepara
torv to the bombardment and raid on Zeebrugge 
(23rd March, 1918). T saw the aerial 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 SUJVeying. I remember 
some years later, 1920-22. affer the war, working 

m Subsequcnlly Admiral Douglas. Hydrographer of the 
Navy. 

at the Sound Ranging Station at Cliffe 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 a bout 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. 

Smmd-ranging recording cquipmcm at Easton Broad, 
S01t1hwold. Suffolk, during First World War. 

Although the greater part of 1he 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 
to steer along a cable laid on the seabed. The cable 
was supplied with alternating current of audio
frequency (about 500 c/s.) interrupted as a recogni
tion signal. and the ship was provided with port 
and starboard coils. about three feet S!.jUarc with 
their planes vertical and parallel to the centre-line 
of the ship. These 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 
to 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 that 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-z.ag course. Such a 
leader cable was laid from Felixtowe for a dis
tance of about 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 Parkeslon 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 Portsmouth 
Harbour. 

Dr. C. V. Drysdale. who joined the Parkeslon 
Quay staff early in 1918, was interested 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
niagnetic devices, and which became known as the 
'AC. Unit.' In this system a large loop of cable 
laid on the seabed surrounded a number of mines 
which could be selectively detonated 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. relav, there was in each mine an 
acoustic device (niy shunl-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 acoustic-AC. 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 AC. 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 
acoustic relay if it was not being actuated 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 acousticallv 
by the submarine. The frequency used in the AC. 
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 
assisted in the development of the A.C. unit by 
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L. Hartshorn, R. S. J. Spilsbury 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 AU.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 AC. unit at Parkeston Quay ... 

Here Archie Charles, tluu sainled mmr, 
Lingered for many a day 
In peace he passed his mortal span 
In pieces passed 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 important 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 AC. relays which he had developed pre
viously for the AC. mine unit. As most of the 
visual leader cable work was done after the Parkes
ton Quay days I shall refer to this later. 

Towards the end of June, 1918, Dr. A. 0. Ran
kine and several other members of Parkeston Quay 
staff were transferred to Dartmouth to form a 
sub-station of AE.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 
search gear: and R.N.V.R. Lieutenants 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 C.8. I cannot write as much about the 
work at Dartmouth as I could wish, as I remained 
at Parkeston Quay and never actually visited 
AE.S. Dartmouth. I shall. however, be referring 
later to Asdic developments which started at 
Parkeston Quav and were continued at Dartmouth 
after June, 1918-a little more than four months 
before the Armistice. At Dartmouth H. Gerrard 



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 developed in the sea by tidal flow in the 
earth's magnetic field. The electrodes and tech
niques used in making Lhe records were those de
veloped by F. B. Young at Parkeston Quay for 
submarine detection. I believe R. W. Paul was a 
frequent visitor to Dartmouth where he continued 
his experiments on magnetic mine units on the lines 
of his preliminary work at Parkeston Quay. Dr. 
Rankine and his family lived at the Royal Dari 
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 to ships using hydrophones in 
locating enemy submarines. Various suggestions 
had been made at Parkeston Quay during 1917-18 
to reduce this noise. by using propellers of special 
types. bubble-screens, etc. Sir John Thornycroft 
had suggested hydraulic or jet type of propulsion, 
and Major J. H. W. Gill, 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 to 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 to 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.g., on sub,marine 
reception of W {f signals, I.R. signalling. and 
remote-control by W {[. 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{f 
Committee of the B.I.R., ind 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 told me that Dr. R. W. 
Boyle did much of his early Asdic work at Finsbury 
Technical College before transferring to A.E.S. 
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 tour to 
inspect some of these W{f stations after they 
were completed. On the arrival of his ship at one 
of them, in Samoa, he found the pier lined on 
each side with local beauties to greet him. On 
enquiry as to 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 al Aberdour, 
and now at Parkeston Quay, to efforts that 
were made to make metrical observations in 
underwater sound. At Parkeston Quay I used a 
calibrated crvstal rectifier in the measurement of 
small microp.honic currents under a wide variety 
of circumstances. ship noise. water noise. 
machinerv noise. cavitati6n, etc. Towards the end 
of 19 I 1: and intermittently afterwards. I made 
Einthoven oseillograph records of the noises made 
by ships and by underwater explosions in Stokes 
Bay near Portsmouth and at the gateships, Har
wich. I required. however, a much sma11er and 
more portable oscillograph so that I could con
veniently take it on board any one of our ships 
and make records of submarine propeller noises 
outside the harbour. I worked on this with J. T. 
Irwin, who joined our staff at Parkeston Quay in 
19 I 8. In the end we produced a simple. if not 
perfect, oscillograph which we ca lied 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 
vibraling cantilever reed when microphonic 
currents 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 out at 
the Cutler lightship near the ·rendezvous' to meet 
87 German submarines. We made records using all 
sorts of hydrophones (diaphragm types, rubber 
'chunks') and I tried to record echoes from the 
submarines by firing small No. 9 detonators a few 
hundred yards away and using a • chattering 
contact' type of receiver. I had previously 
obtained echo-records of explosion pulses from our 
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own ships near Parkeston Quay 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 accuracv. 
reference must first be made to a suggestion made 
at the time of the Titanic 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 by L. F. Richardson that a 
beam of supersonic ('ultrasonic' now) waves 
should be used as a means of detecting submerged 
objects 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 I 916 Langevin 
succeeded in producing vibrations of I 00 kc/sec .. 
in water, using mica as a dielectric subjected 
to Maxwell electro-static stresses (near the 
breakdown voltage) at this frequency. To receive 
the signals. he used a microphone with a tuned 
• L.C.' circuit. as in W{f. 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.I.R. 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 
in 1917 and was later assisted by W. F. Rawlinson 
and J. Anderson. The mechanic mainly concerned 
in making and maintaining his experimenlal 
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 bv the Americans. the most 
successful proved to be that which utilised the 
piezo-electrk 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< 6

l. Langevin was the first to trv a plate of 
quartz as a receiver. Used in conjun"ction with a 
valve amplifier this gave very promising results. 
At Parkeston Quay good progress was made when 
French amplifiers became available. It is not my 
purpose here to enter into a discussion of piezo
electric phenomena in quanz. tourmaline. Rochelle 
salt and -"imilar piezo-electric materials. Suffice 
it to say that in our state of knowledge in 
1917 quartz was rightly considered to be the best 

(OJ 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 to 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, 
A.S.W.E.}, when stationed at Dartmouth, 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 quartz 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 
eventually assembled into Asdic transducers by 
Callender's Cable Co., Erith. I remember the 
earliest models were non-resonant at the 
frequency contemplated for use. The semi-angle 
0 of the primarv beam. following standard 
optical theory, is· given bv sin 0 ~ I ·22 >.JD 
where >. is the wavelength' of the sound and 
D the diameter of the transmiLLer/receiver. The 
greater the diameter relative to the wavelength 
the narrower the beam and the greater the energy 
concentration. At Parkeston Quay and at Dart
mouth the whole process was one of our best-kept 
secrets. It was referred to in conversation and 
correspondence by the code name 'Asdics'
meaning 'Anti-Submarine Division-ks'. 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, etc. 
meaning 'pertaining to', the initial syllable(s) of 
such words usually being abbreviations. No refer
ence to quartz was pem1itted, the code name being 
in this case 'ASDIVITE'. the 'A.S.D.' referring to 
anti-submarine division. as before. When ex
perience had been gained with 'outboard' experi
mental equipment. the 'Asdic' transmitter was 
evenlually mounted in a dome or in a streamline 
ca_se, let down through the bottom of the ship. In 
this way 11 was alwavs surrounded bv .still 
water at all speeds of • the ship. A controlling 
device was fitted by means of which the Asdic 
could be turned through any horizontal angle 
and also could be given a variable vertical tilt. 
Range and bearing observations on surface 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. 
with occasional trips to sea in ships of the Harwich 
Flotilla, such as H.M.S. Melampus. On a surface 
ship of 700 tons. stern-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 to the Dartmouth sub-station. as I 
explained earlier. At the end of the war Asdics 
was coming into its own. The experimental 
period was just reaching the ship-fitting and 
development stage when the war ended. 

Paul Langevin and M. le Due de Broglie visited 
Parkcston Quay occasionally. I 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 panicularly interested in Boyle's work 
on Asdics. 

The research at A.E.S. Parkcston Quay virtually 
ended on I Ith November, 1918, the date of 
the Armistice. I first heard that the war was 
over when I was boarding one of our ships to go 
out to the gatcships at Harwich. When the 
captain told me of this startling news and said 
I should be wasting mv time going on with 'what 
I was going on with': I 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 Parkcston Quay and Harwich all 
through the night was an experience not likely 
to be forgotten. 

Work at A.E.S. still continued. however, in a 
somewhat semi-enthusiastic way, completing half
finished jobs and wondering "what ncxl." I have 
referred earlier to some sound recordings I made 
as the surrendered German submarines approached 
Harwich. They came in groups of 20 on each of 
the days of 20th, 21st 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 
ParkesLOn Quay. the German crews being tran
shippcd and returned to Germany. It was a very 
interesting experience clambering over and inside 
these submarines, inspecting their equipment, radio, 
hydrophones. torpedo tubes, mine-laying equip
ment. etc. Some were put into the floating dock 
where we could see the under-side. I still have 
three valves from one of the submarines. They have 
iro11 fittings holding the glass bottle - Germany, 
thanks to our attentions, being rather short of brass, 
copper and tin in those days. I remember making 
measuremrnts. with Lieutenant We11s, of the 
characteristic curves of a number of these valves 
(Telefunken and others). 

On the day of the Armistice, I Ith November, 
Colonel A. S. Eve, R.D.R., circ!ulated a notice to 
all members of the staff, requiring, 'before 25th 
November,' information on: (a) Date of joining: 
(b) An outline of work carried out by that member 

of the staff: (c) A list of reports 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 ! • At 
Parkeston Quay we were all appointed on a tem
porary basis and some of us, including myself. 
were wondering whether lo return to university 
work, industrial research, or to • hang on· to see 
what prospects the Admiralty could offer. F. B. 
Young and B. S. Smith and I stayed on. A. 0. 
Rankine, F. L. Hopwood and Gerrard returned 
to their university work. My diary states that on 
8th February, 1919, the experimental work at 
A.E.S. Parkcston Quay came to an end. On I Ith 
February I left for a few days home-leave on my 
way to the new A.E.S. at Shandon, Dunbarton
shire. I had lunch with Sir Ernest Rutherford 

• 

Photograph 1akc11 al Toulon in May, 1918, sho11·i11g centre, 
Pro/t'.UOr R. W_ Boyle wilh Professor P. Lange1·i11 on hi.~ 

left. 

at Manchester. At the University I met J. Chad
wick (now Sir James) whom i" had last seen in 
Manchester in Auuust, 1914. when he was just 
leaving for Germa;y_ He had just rerurned from 
Germany, having been interned at Ruhleben since 
the outbreak 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. Herc, 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. I don't 
remember that he ever published the result of 
this research, but at least it served the purpose 
of preserving his mental balance ! 

I mentioned earlier that towards the end of 
1917 (or early 1918) Professor W. H. Bragg. who 
was then R.D.R. at Parkeston Quay, transferred 
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10 the Admiraltv. 10 become Scientific Adviser to 
the Director ofthe Ami-Submarine Division, his 
position as R.D.R. at Parkeston Quay being taken 
by Professor A. S. Eve. Other changes in the 
B.I.R. organisation were taking place, also. In 
January, 1918, the position was as follows: 

Board of Invention and Re.search 
I. CENTRAL COMMITTEE 

Admiral of the Fleet Lord Fisher (President). 
Professor Sir J. J. Thomson, O.M. 
The Hon. Sir Charles A. Parsons. 
Sir George T. Bielby. 
Charles H. Merz (Director of Experiments and 

Research). 

II. DEPARTMENT OF THE DIRECroR OF 
EXPERIMENTS AND RESEARCH 

Director: Charles H. Merz. 
Deputy Director: LL-Col. W. Mclellan. 
Naval Assistant: Cap!. Alan M. Yeats-Brown, R.N. 

Ill. REPRESENTATIVES IN TIIE TECIINICAL 
DEPARTMENTS OF THE ADMIRALTY 

(1) Ami-Submarine Division 
Professor W. H. Bragg, P. V. Hunter. 

(2) Deparrment of the Director of Torpedoes und 
Mining 
Mining SecLion: Professor J. C. McLennan, 

F. H. Clough. 
Wireless Section: Professor W. H. Eccles, 

F. E. Smith. 

(3) Deparrmem of E11gineer-i11-Chief 
Sir Dugald Clerk, A. E. L. Chorlton, and 

others. 
So far as the scientific work at Parkcston Quav 

was concerned, these changes in Lhe organisatioi1 
of the B.I.R. made very little impact. In additicn 
to Lhe familiar faces. some of the new members 
of the Board. Mr. Merz, Colonel Mclellan, Mr. 
Hunter, Mr. Clough, also came down occasionally 
to Parkeston Quay. At the end of the war, in 
November, 1918, Mr. C. H. Merz, D.E.R., sub
mitted a memorandum to Lhe First Lord of lhe 
Admiralty, dealing with his proposals for a new 
organisation of research and experiment in the 
Navy. This involved the closing down of a m1111-

ber of wartime research establishments includirn.! 
Parkcston Quay and Hawkcraig (still functioning 
under Captain Ryan). It recommended thaL 
Shandon (then used bv the Lancashire and Clvdc 
Anti-Submarine Comi-nittees). which was \\;ell. 
adapted as regards buildings and situation. should 
be made into a permanent experimental station 
for Naval research. It was also proposed to 
establish a Central Research Institution for the 
Navv-involvine: 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 Quay closed down al the beginning of 
February, 1919, and many of its staff transferred 
to Shandon. Gareloch (Clyde). 

..... 
f. 

-. __,=-~-~----;_:-~~~-.:.:.~' ·~~:. - -

Germm1 .mbmuri11es at Porkcs1011 Quay, November, 1918. 
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ADiUIRALTl' EXPERI~lENTAL STATION, SHANDON 
(GARELOCH) DUNBAR1'0NSIJIRE 

The transfer of the Admiralty Experimental 
Station from Parkcston Quay (Harwich) to Shan
don (Garcloch). which nominally commenced early 
in February. 1919. took place in fact during_ a 
period of one or two months. As l hav~ said, 
some of the scicnLific staff rclUrncd to their pre
war jobs in universities ~nd els~where whilst 
others decided to stay on m Adnuralty 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 University) and Professor A. S. 
Eve had decided to go temporarily to Shandon as 
Resident Director 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 '.'-nd 
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, 
anything definite emerged. As may well be 
imagined. the transfer of staff, sh_1ps, workshops and 
scientific equipment was very disturbing, and this, 
combined with the change-over from war to peace 
conditions resulted in an unsettled feeling at 
Shandon which persisted for some time. However, 

i 

most of us succeeded eventually in settling down 
to stcadv work on a more or less long-term basis. 
Mv last ·contact with Parkeston Quay was on 26th 
February. 1919. and after a few days leave l 
arrived at Shandon on 7th March, 1919. There 
I 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 
Chief Physicist. At the end of March, however. 
Colonel Eve retired from Admiralty service and 
left A.E.S. Shandon. His post was temporarily 
filled by Major Gill. who became Acting Director. 

·Shandon Hydropathic· was a magnificent 
stone-built edifice on the eastern shore of the 
beautiful Garcloch. palatial in comparison with 
the somewhat primitive wooden huts at Hawk
craig and Parkeslon Quay. The buildings of the 
Hydfo were situated in extensive grounds stretch
ing from Garclochsidc up the hill to the West 
Hi~hland Railway (Cra,gendoran to Arrochar). 
Further up the hill was the private golf links of 
the Hydro. and over the hill led to lovely Glen 
Fruin, famous for its trout stream of exceptionally 
clear water. subsequently used in the Glen Fruin 
Admiraltv Water Entrv Station. The Hydro, at 
this time changed to· Admiralty Experimental 

A.E.S. Garcloch-' Slumdon Hydropathic' 
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Station. Shandon, is on the road from Helcnsburgh 
to Gareluchhcad about two and a half miles from 
Row (Rhu) and two miles from Garclochhcad. 
The establishment was well provided with facili
ties for recreation-besides the golf course it had 
hard tennis courts and two indoor swimming 
JX)Ols, not to mention yachting possibilities on 
Garcloch and walking and rock climbing around 
Arrochar. It might be assumed that all this was 
not conducive to hard work. but the bracing 
climate neutralised anv tendency to an casv life! 
In the main building -was a splendid dance hall 
(with sprung floor), a large dining room. a lovely 
drawing room (which appropriately became lhe 
drawing ofllce), and many bedrooms which housed 
a large proportion of the unmarried members of 
the staff. A large conservatory. divided into 
cubicles became for a time the research labora
tories. ~nd a high-roofed building of larg6 floor
space adjoining the main building was used as the 
main workshop. Housing accommodation for 
those \Vho did not live in the HvJro was to be 
found cvcntuallv in Helensbureh, ·Row and Gare
lochhcad, Shan<lon being a ve;;, small village with 
little or no spare accommodation. Brown·s bus 
plying between Helensburgh and Shandon was 
chartered by A.E.S. to carry staff to and from the 
Hvdro. It was a somewhat ramshackle affair to 
~ careering at its top speed (not very high) on 
the narro\v and tortuous road along the lochside. 

I remember on one occasion \1.'hen its radiator, 
minus cap. was boiling furiously, John Anderson 
remarking to the delectation of the Hydro 
passengers: --what"II you have-a cup o· tea or a 
shave?" 

I remarked earlier that Shandon was well 
adapted as regards buildings and situation for use 
as a Naval re~earch station. Besides the capacious. 
if somewhat imposing. buildings, it was near the 
lochside, had two private piers giving easy access to 
deep water. whilst Gareloch itself. about five miles 
long (N-S) and three-quarters of a mile wide at 
Shandon. was almost landlocked, enclosed on three 
sides by hills. and connecting to the Clyde via a 
narrow strait (200 or 300 yards across) between 
Row and Roseneath peninsulars. There was. there
fore. a probability of reasonably calm water for 
experimental purposes throughout the year. An 
occasional severe storm was. however. not 
unknown! 

The scientific and engineering staff remaining 
at ShanJon at the time of the transfer from Parkes
ton Quay were Professor W. M. Thornton, 
Messrs. W. R vlcv. F. Widdowson, F. 0. Hunt. 
A. Stubbs, H.· Forman, K. Kemp. D. A. Keys. 
and J.M. Ford. Thev had hitherto been controlled 
bv the Lancashire· and Clvde Anti-Submarine 
C:ommiuees. Most of these.~ with the exception 
perhaps of D. A. Keys and J. M. Ford. left Shan
don within a fe\'.' months after our arrival from 

The Siafl of Admin1/ty Sratior1, Slrnndon, 1919. 
The A11thor iJ fifth fro,11 the right in the cellfre row. 
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Parkcston Quav. In addilion, there was a con
siderable numbCr of ground staff, mostly female. 
who dealt with the housekeeping side (dining and 
bedroom facilities, etc.) essential to the upkeep of 
the Hydro; tracers. typists, messengers, boatmen 
and so on. The scientists and engineers transferred 
from Parkeslon Quay, in addition to those already 
mcmione<l and myself. were F. B. Young. B. S. 
Smith, W. Jcvons, W. F. Rawlinson. J. Anderson, 
G F Partridge J. H. Powell. W. M. Burness, and 
D: v·. Hotchkis;_ C. M. Hubbard and Mr.~Staddon 
were in charge of general stores. L. 0. Cook 
in~trumcnt slOrcs, and in the workshop were 
C. Mcnkcns (manager). T. P. Rigby, J. Elliott. 
V. Allerton. H. Midgclcy, E. W. Dowsett. 
L. Pogson. -. Kent, G. H. Jessop and others. As 
an indication of the aLtractivcncss of the young 
ladies employed in various capacities at Shandon. 
no less than five or six of them subsequently 
married mcmhers of our scientific staff! I could 
supplv their names on request! We had also at 
Shandon R.N. staff attached lo the A.E.S. Captain 
G. L. Masscv. R.N .. was the Senior Naval Officer. 
Commander Cusack. R.N. (Accountant, Pay
master), Licut.-Commandcr Garratt. R.N. (Officer
in-Chargc. Ships). Lieutenant B. C. S. Martin C1l 

(R.N.). Lieut.-Commandcr H. W. Fawcett. R.N."' 
(Captain of H.M.S. Auricula). 

Our fleet of ships included H.M. Trawlers 
GeorRe Ireland, Roher! Barton, William Inwood, 
Henry Je1111i11gs, Ebro II, H.M. Yacht Dotter. H.M. 
Sloops Auricula, Teviot, Blackwater, M.L.s 478 
and 498. and H.M. Drifter /liedra. The last-named. 
which had done good service from the early Aber
dour days. was paid off and presumably returned 
to her fishcrv duties at Anstruther (Firth of Forth) 
at the end of April. 1919. 

When at Parkcslon Quav I had become inter
ested in underwater cxpio.Sion expirements being 
made bv H. W. Hilliar at Troon in Ayrshire. 
Prior to· the Troon experiments I had met Hilliar 
at Norwav House (the 8.1.R. Headquarters) where 
he was developing a new mechanical method 
0f determining the maximum pressure and the 
form of the pressure-time characteristic of an 
underwater explosion. He was then calibrating 
copper crusher gauges at Norway House, using a 
compressed air gun to accelerate steel pistons 
which on impact crushed small annealed copper 
cylinders (} in. long and 1 in. dia. app.) against a 

(;i Became Admiral Martin in the Second World War. 
Was Captain of the cruiser D[:rsershirc, which played 
an important part in the sinking of lhe German 45.000-
ton baulcship Bismarck, 26th May,}941, in the Second 
World War 

'') Author of 'The Fighting at Jutland"- descriptions of 
t.hc ballle which disabled the German battle fleet in the 
First World War. 

steel 'anvil'. At that time the copper crusher 
gauee method was in use al Woolwich Arsenal to 
~1e;<,ure 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 cylinders. The outer ends of the pistons 
were exposed to the pressure of the underwater 
explosiol1 impulse, the momentum of the piston 
being equal to the time-integral of the impulse. 
The encn!v of the niston is measured from the 
shortening" of the coj,pcr cylinder. and by the aid 
of the calihration experiments the momentum 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 series of gauges with 
different lengths of piston-travel. the velocities 
and accelerations could be calculated. and a 
pressure-time curve of the explosion impulse 
determined. Hilliar's method gave a remarkably 
close estimate of maximum pressure and the 
pressure-time diagram of an und-crwater explosion. 
His cxperirnems were made with various sizes of 
charge (up to about 2.000 lbs. of T.N.T.), and 
different explosives (T.N.T., Amato\, Ammonium 
Perchlorate and gunpowder). The observations 
showed that the maximum pressure was inversely 
proportional to the cube root of the weight of the 
charge. I have a copy of a letter which he sent 
from Troon on 12th December. 1918, to Colonel 
Eve<!1l at Parkeston Quay 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. dated 14th June, 1919. 
It is of some interest lo note that at this date the 
report. on its opening page. is addressed to ·'Pro
fessor J. C. McLennan, O.B.E., F.R.S .. Scientific 
Adviser to the Admiraltv: Sir, I have the honour 
to submit lhe accompanYing report ... 14th June, 
1919." A few days after my arrival at Shandon, 
ea riv in March. I 919. Dr. Drysdale and I visited 
Hill1ar at Troon to sec the exolosion of a l,600 lb. 
Amato! charge. Hilliar was thin not only measuring 
maximum pressure and pressure-time sequence, 
but also damage to structures (using empty 
spherical mine shells as targets) at various 
distances from the charge. H.M. Drifter Ma/apert 
was used in his experiments at Troon, the execu
tive arrangements and the working party being 
under the direction of Lieut.-Commander D. 
Errington. R.N. Hilliar was assisted in the design 
or pressure gauges and in carrying out the experi
ments hy F. K. Lidstone. 

At Parkcston Quay there was no • hard and 
fast· organisation of scientific staff 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 conditions. At Shandon, the 
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war being ended. the staff were allocated LO 
groups, each group being primarily concerned 
with certain aspects of research related to Naval 
problems, although considerable flexibility of the 
group system allmved scientific staff to initiate 
their own problems regardless of the 'nominal" 
group 'title'. Monthly reports were issued( 10 i. each 
group submiuing 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 to K 
and the scientific slaff available to do it. 
A. Electrical Instruments and Mining. (Dr. C. V. 

Drysdale. J. H. Powell. J. A. Craig. and E. 
Stephenson). 

ll. Electrode Search Gear. (F. B. Young and W. 
Jcvons). 

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

D. Asdics. (R. W. Boyle 111
i. W. F. Rawlinson and 

J. Anderson). 
E. Explosions and Sound Ranging. (A. B. Wood, 

J. M. Ford. and F. W. Hill). 
F. Loops. (Lt. F. K. Kemp. R.N., T. A. Daniell, 

and H. Forman.) 
G. Laboratories. (L. 0. Cook.) 
H. Silent Propulsion. (J. H. W. Gill, D. V. Hotch

kiss, and M. W. Burgess.) 
J. Unattached. (D. A. Keys.) 
K. Underwater Spark Signalling. (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 extensive experiments on the visual system. 
Cables were laid (the depth varying between 
IO to 20 fathoms) from Shandon to Garelochhead 
and to Row. extending to the full length 
(about five miles) of the loch. These cables were 
supplied with \ow-frequency (10 c/s) alternating 

(!,, A remark in this letter is of interest concerning Ruther
ford's early imeresl in Asdics: "A long time ago you sent 
me a request which was forwarded to me here, for copies 
of Ruthcrford·s original note proposing the piezo-clectric 
method for generating supersonics. I forwarded this 10 
Victory House. wi1h the 8.1.R. number of t.he paper in 
question, and asked them to attend to the matter ... 1hc 
docket in question was charged to Lhe A.S.D. Lo whom, 
in consequence, your request has been referred." I have 
no information in regard to further action.-A.8_.W. 
iw, A.E.S. Shandon Monthly Reports-March, 1919. to 
15lh Januar}', 1921-Most of these arc in existence at 
N.S.T.l.C. today.-Ed. 
(iii Visiting Shandon occasionally. 
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current with earth return from the distant ends 
of the cables. H.M. Sloop Auricula and H.M.T. 
William Inwood were used in lhe trials. They were 
fitted wiLh coils (with lheir planes at right angles 
approx.) running from mast lo mast (forward and 
aft of the ship) about 25 ft. above the lower deck 
and extend in£ halfway up to the W /T antennae. 
Spreaders 20 ft. wide inclined the two coils at an 
angle of about 45° to the vertical. Sensitive tuned 
A.C. relays were designed by Dr. Drysdale assisted 
by J. H. Pmvell and J. A. Craig. operating on about 
half a millivolt. These when connected to the coils 
operated red and green lights indicating the position 
or the ship relative to the cable on the sea hcd. An 
additional white light was introduced which was 
operated at maximum sensitiveness or the A.C. 
relay and was used to give the navigator of the ship 
a rela1ivcly long-range indication of his approach 
to the cable. When the white light appeared he 
could switch to a somewhat less sensitive settim.i: 
(controlled bv suitable resistances in the relaV 
circuits) for Operation of the port and starhoard 
lights. It was found. however. that lhe correct 
relationship between depth of water. current in the 
cable and sensitiveness of the A.C. relavs was some
what critical in order to obtain reliable port and 
starboard indications. Otherwise it \Vas likely that 
·ambiguous· indications would be obtained. As 
early as March. 1919. such ambiguities had been 
observed with currents of IO amps in the cable in 
depths of 5 fathoms. Experimental curves of field 
distribution showed that the E.M. field 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 Auricula in order 
lo ascertain the effects of coils beneath the water 
and of the screening effect of the hull as in aural 
leader gear. The observed ambiguities of indication 
which l have verv brieflv mentioned led him 
lO start an extended investigation of the field 

11.M.T. William Inwood. Sholl'illf,! the coils from mm/ to 
mast below the W/T antennae. 
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distribution around an A.C. cable on the sea-bed. 
At first he tried to do this by using the coils on 
Auricu/a sloped at different angles, but ultimately 
he abandoned this approach and fitted up a barge, 
the Sr. Adrian, which could traverse slowly and 
investigate point 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 E.M. 
field above the surface of the sea which could 
account for the ambiguities observed in the opera
tion of the visual leader gear. The field distribution 
experiments were. however. seriou.~ly interrupted 
by a storm which wrecked the St. Adrian on 3rd 
December. I 920. In the absence of a suitable 
barge, sea experiments were 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 to indicate E.M. fields at distances 
extending out to 300 yards or so from 
the cable. Resistance capacity type valve amptifiers 
proved useful in achieving this. Towards the 
end of 1920 Dr. Drvsdale also made tests of the 
Portsmouth Leader °Cahle at 500 c/s which was 
of the type similar to that which had been 
proposed for a leader cable between Dover and 
Calais. As a result of these tests he prepared 
detailed designs for this cable and the power 
supplies necessary to operate it efficiently. It was 
proposed also. if considered necessary, to insert 
auxiliary acoustic transmillers at intervals along 
the cable which would facilitate long-range • pick 
up' of the cable by ships requiring lo use it. For 
this purpose B. S. Smith's 'diaphragm sounders· 
were being considered. This work on the Dover
Calais leader cable was urgently 'in hand' just 
before we left Shandon for A.R.L., Teddington. 
So far as I am aware. however. the cable was never 
laid. Other activities in which Dr. Drysdale's 
group were concerned were a sensitive • open
circuit • vibrating contact for application in 
acoustic mines. J. H. Powell worked very patiently 
on this for a long time. but its adjustment \Vas too 
critical for the device to have anv • service ' value. 
Dr. Drysdale a !so designed a • ChromopLOmeter' 
for testing colour vision of service personnel; also 
a gyro-compass damping device which used a 
healer wire mounted in the liquid-filled compass 
bowl near a line of thermo-junctions, a slight tilt 
of 20 or 30 seconds of arc causing a relay to 
opera le from the thermo e.m1fs in IO seconds of 
time. With J. M. Ford's assistance, Dr. Drysdale 
also designed and had constructed 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 transmitter 
served as a very useful large inductance in experi
ments I was doing later at A.R.L .. Teddington. 
on explosion pressure recording. 

Work on the electrode search gear, developed 
al ParkeslOn Quay for short-range submarine 
detection. was continued at Shandon by F. B. 
Young and W. Jevons. The standard silver chloride 
electrodes used in 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 Jcvons investigated various ways ?f 
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 delccting cable faults and applied 
it in locating a fault in a transatlantic cable some 
considerable di.stance 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 detect the E.M. field around the 
cable up to the point of • break.' At Shandon the 
screening effect of armouring on the cable was 
also studied. In another application the use of an 
automatic firing mechanism for anti-submarine 
explosive paravanes was considered. but it was 
decided that such an automatic device was un
likelv to be satisfactory. It was recommended 
that 

0

if electrodes were 10 be employed with such 
paravancs they should be used for observation 
only, the !iring being controlled by hand. Electrode 
search gear was also used to locate sub
merged wrecks which were generally a potent 
source of electrolytic c.m.fs. I mentioned previously 
that widely spaced electrodes across the tideway 
at Dartmouth were used to record the flow 
and ebb of the tides, the e.m.f. varying sinusoidally 
due to the electrically conducting sea water flowing 
in the Earth's magnetic field. The results of these 
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Electrode search gear developed by F. B. Young. 
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observations were subsequently published by F. 8. 
Young. W. Jevons and H. Gerrard. 

During the Shandon period steady, if not spec
tacular, progress was made in improving Asdic 
Quartz transmitters. both mechanicallv 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 Parkeslon Quav and 
Dartmou1h. H;edra. Ebro II and Aun·cu!a • were 
lilled with experimental gear. but. as I stated 
earlier, /-liedra left Naval service at the end of 
April. 1919. Ebro II was filled with a retractable 
Asdic dome on the centre line of the keel. Two 
I 0-inch diameter quartz transmitters operating at 
43 kc/s. were ntadc up for tests at Shandon. Later 
experience showed that in spite of the advantage 
of small size at higher frequencies it was preferable 
to use lower frequencies for long-range echo 
detection. By this 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 H.M.S. P.59 as the experimental ship. 
Rawlinson and Anderson left A.E.S. Shandon on 
transfer to 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 A·ssistant. L. S. Alder 
and E. A. Logan n.s Assistants. with Messrs. 
Pugh. Trigle and Kent as engineering designers. 

The acoustics group at Shandon. consisting of 
B. S. Smith and G. F. Partridge. later assisted by 
E. V. Mackintosh (from Malta) were involved in 
a number of projects. some of which had been 
taken over from the departing staff of lhc Clyde 
and Lancashire A.S. Committees. One of these 
latter projects was a steam jct underwater sound 
gcncrntor. frequencies ranging from audio to ultra
sonic. This had been invented bv Mr. Petric of 
the College of Technology. Manchester. There 
were two types of this steam jet apparatus) one 
known as the •disc' and the other the • rod ' type, 

The Lanrnshire Fish towed hydroplumc. 
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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 c/s. in the audio equipment. The 
force of the collapsing steam bubbles was sufficient 
to cause pitting of the disc. The deflection 
of the jct from the centre of the hole changed the 
note, and when playing on a flat surface \1,1ithout 
a hole the sound intensity \\.'as considerably 
reduced. It was claimed that ranges exccc<ling 10 
miles had been obtained with the disc screen. 
Several forms of towed hydrophone were also 
tested. one. bearing some resemblance in shape to 
a modern jet plane, being known as the • Lanca
shire Fish,' which conlained 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 
consisted 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 cau:-,ed microphonic changes of resistance 
of the liquid in the small orifice. In addition 10 

the testing of this and other novel forms of micro
phone experiments were made to improve Jess 
sensitive but less noisv and more reliable forms of 
magnetophone. The • !alter, when used in con
junction \Vith a valve amplifier, was comparable 
in sensitivity with unamplified carbon granule 
microphones and had a much quieter· background.' 
Some of these magnetophoncs, 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./1 .. 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 centre of the 10 in. dia. diaphragm. 
The main frequency of the complex sound emitted 
by this sounder was approximately 500 c/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
phones. already in supply. were 10 be used as 
receivers and a commutator for transmilting 
regular timed signals was designed. The principle of 
depth measurement envisaged at that time was 
similar to that which Fessenden had used formerly, 
but subsc4uently at A.R.L., Tcddinglon, this was 
improved considerably. 
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Ano1her invcsligation. begun by B. S. Smith at 
Shandon and later continued at Teddington, 
was an attempt to produce a high-frequency alter
native to quartz for use in Asdics. Several designs 
were considered: (I) a moving conductor lype: 
(2) a moving iron 1ype: and (3) a diaphragm 
sounder lypc. Of 1hese (I). the moving conductor 
type, seemed to give most promise. The moving 
conductor consisted of a straight strip of 
duralumin about 2 ft. long. free to vibrate between 
the poles of a powerful elcclro-magnet. The con
ductor was supported on a number of legs. the 
longitudinal stretching of these legs combined with 
1he mass of lhe s1rip (vibrating 'edgewise). being 
arranged to give a natural frequency of vibration 
of 1hc conduclor of IO kc/s. The cx1rcmity of each 
leg was in one piece with a block of duralumin 
screwed to the underside of the ccnlral pole of 
1he maenct. A large alternating current at IO 
kc/s. w;;uld therefore cause the dural strip lo 
resonate and emit sound into the water from its 
upper free edge (about 0· l in. wide). A thin sheet 
of rubber served to make the system watertight. 
whilst permitting sound to be transmitted from 
the vibrating edge of 1he slrip to the water. This 
H.F. transmitter was nearly completed when we 
left Shandon for Tcddington earlv in 1921. B. S. 
Smith afterwards modified the design, using a 
circular or • ring • transmiller instead of the long 
·strip· type. The circular ring was a resonant 
duralumin structure of improved design. vibrating 
in a powerful annular magnetic field. large H.F. 
alternating currents being induced in it by a 
similar principle lo that used in the audio 
frequency Fessenden • oscillator.' Consideration 
was also given to lhc 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 a1 Shandon. 
Major J. H. W. Gill. acling director since 31st 
March. 1919. retired in December. 1919. In his 
work on hydraulic 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 Jennin1:s to be 
a11ocated, but otherwise there was not much 
progress lo report. H.M. Trawler George Ireland, 
on the ol her hand. had been fitted with jet 
propulsion equipment and in a dock trial at South
ampton had registered a pull of over 4 tons at the 
designed revolutions. which was regarded as easily 
sufficient for the rcquircments. 1The vessel attained 
a cruising speed of 8 knots over the Stokes Bay 
(Portsmouth) measured mile with a maximum 
speed of 9½ knots. From observations made on 
these trials the ship was comparatively silent, but 

further tests were lo be made at Shandon. It was 
reporlcd that the ship • handled • very well and 1he 
reversing gear made manoeuvring a simple matter. 
After these trials the ship was sent to \Vivenhoe 
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 I hat 
size. the 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) l'iz. anti-submarine work. 
this feature was perhaps not very important. 
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Compt'11slllor for hi,wural direction finding. 

Experiments at Shandon were also made with 
a 60 ft. steel launch which was filled with Kitchen's 
patent reversing rudders to enable the boat 
to be equipped for comparative tests at the same 
h.p. and r.p.m. using ci1hcr 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. 1win-scrcw minesweeper - 1he 
model being battery-driven. Preliminary tests 
showed that the model • was able lo travel ahead 
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or astern, to steer without the use of a rudder, 
... and to turn about an axis without appreciable 
headway or sternway.' I believe lhat small jet
propelled boats were found later 10 be verv suitable 
for navigating in shallow weedy wate"r in the 
Fen Dis1rict and in the Norfolk Broads area. I am 
not aware whether or not jct-propelled ships were 
used for anti-submarine or mincswccping purposes 
during the 1939-45 war. 

Professor W. M. ThornLon from Ncwcastle
u~n-Tync was experimenting with a method of 
underwater signalling when we arrived at Shandon 
in early 1919. In 1his method he used A.C. high 
voltage to produce intense sparks which could be 
heard of a hydrophone at a range of five miles. i.e. 
the full length of Garcloch. He sometimes used 
mul1iplc spark heads. absorbing about I kW. per 
spark, which it was stated could be heard in air 

Ma!,flll'to machines lll the South Forehmd Lighthouse, 
Sr. Margaret's Bay 

at a dislancc of I½ Lo 2 miles. Professor Thornton 
was assisted in these experiments by F. 0. Hunt 
and A. Stubbs. He occasionallv visited Shandon 
after his return to academic Work at Newcastle. 
L. Champney, who came later to Shandon to 
work wi1h Dr. Drvsdale. and afterwards moved 
with us to Teddington. was I believe one of 
Professor Thormon·s students at King's College. 
Newcastle-upon-Tyne. 

My own work at Shandon was concerned with 
underwater sound ranging and explosions. I 
suppose I inherited 1his from Parkcston 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 1hat as it may. when 
I reached Shandon in March. 1919. I began lo 

work on an alternative sound-ranging scheme to 
the one in service use at Dover during the war. 
The standard melhod used a line of 4 or 5 hydro
phones, carbon granule microphones mounted on 
watertight metal diaphragms on tripods resting 
on the seabed. the recording being made on an 
automatic 6-stringed Einthoven photographic 
recorder. In the system I was pro1XJsing the carbon 
granular microphone was to be rcpl::iccd by a 
single microphonic contact which. although quite 
unsui1ablc for the faithful recording of under
water sounds, was very sensitive for recording the 
arrival of a sudden shock such as the pressure 
pulse produced by a distanl explosion under 
water. Such sensitive contacts. mounted on a 
stainless steel diaphragm and generally referred 
to as "chattering contacts', could handle currents 
considerably greater than those generated in the 
secondary circuits of microphone transformers. 
Consc4ucn1ly they were suitable for the operation 
of much more robust recorders than the Einthoven 
string galvanometer. I had made some preliminary 
experiments at Parkeston Quay with a smoked 
drum recorder running at a constant speed. driven 
by a phonic motor (Rayleigh type) controlled by 
a low-frequency tuning fork. An electromagnetic
ally-operated moving iron recd carrying a recording 
stylus. was actuated by the current passing 
through the 'chattering contact'. 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 wi1h 
me on this system of sound ranging. We succeeded 
in designing and constructing much more powerful 
iron-clad phonic motors <1~i to replace the relatively 
feeble phonic wheel. We also improved 1hc design 
and rcliabilily of lhe 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-wa1ch (or ralher stop-clock) 
operated electromagnetically and filled 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 I 0.000. Time intervals arc in
dicalcd dirccllv on the dials to 0·001 sec. The 
chattering coniact explosion pulse receivers were 
designed to 'hold off' after the first break. 1his 
being necessary for use with the chronometer. 
Using three shock receivers. A. B. and C. the 
arrival of the shock wave at the nearest one. say 

""1 See J. Sci. lm1rume111s, I (1924) 160-173, and 'A Text
book of Sound·, A. B. Wood. G. Bell & Son Ltd. 
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A. siarts two of the dials AB. AC. the arrival next 
at, say, C. stops AC and starts CR and the arrival 
at B stops dials AB and CB. The three time 
intervals measured in this wav are sufficient 10 
give the position of the explos.ion source relative 
to the three hydrophones. Single dial phonic 
chronometers of this type have had many other 
applications for the direct and accurate measure
ment of time intervals. For example they have 
been used for manv vears for the calibration of 
shell fuses. At Shando~ the three-dial chronometer 
was tested by repeated sound-ranging trials 
in Gareloch and was used to measure the velocity 
of sound (small amplitude explosion waves) over 
an accurately surveyed base line at different times 
of the year, the velocity varying with the tempera
ture of the water. Comparisons of these velocity 

Firs/ ironclad phonic mvtvr d('vclopcd by 1/te Author and 
l. /\f. Ford. 

measurements in Gareloch were made with those 
made by Cdr. H. E. Browne. R.N .. at St. Mar
garet's Bay, Dover. in the course of \Vhich the 
salinitv coefficient of velocitv was estimated-the 
salinit)' at St. Margaret's BaY being 35°/oo and in 
Garcloch 28¼0 . The low salinity of the seawater 
in Gareloch is explained bv the ·fact that the loch 
is almost landlocked and is· fed bv 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. Station). In Septem
ber. 1920, a conference was held in D.S.R ·s 
oflice al which D.S.R. (F. E. Smith). C. S. Wright. 
Cdrs. Trischlcr and Browne. and myself, were 
present to discuss the questions of accurate sound 
velocity measurements and radio acoustic sound 
ranging at St. Margaret's Bay. The following day 
we all visited St. Margaret's Bay to survey the 
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Th" first single dial phonic chro11omclcr /919. 

'scene of operations'. This work was eventually 
carried out after A.E.S .. Shandon. transferred to 
A.R.L.. Teddington. Further reference will be 
made lo an accurate determination at St. Margaret's 
Bay of the velocitv of sound in the sea under 
ditferem conditions ·or temperature. The three-dial 
phonic chronometer tested al Shandon was made 
by L. 0. Cook'""· 

In continuation or the vmrk I was doing at 
Pnrkeston Quay, further improvements were made 
in vibration integrators for use in acoustic non
contact mines anJ A.C. relays. The latter, untuncd. 
\\'OU!d operate reliably on 5 x 10,s watt in the audio 
frequency range. Experiments were also made \Vith 
quartz strip and biplate electrostatic oseillographs. 

An interesting device described as an 'induction 
micrometer' was designed by J. M. Ford. This 
was an electromagnetic method of measuring 
small displacements. In principle it consisted of a 
pair of laminated iron-core transformers having 
a common laminated iron armature with 45° 

- - -
/11d11ctio11 micmmcter br J. /\f. 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 secondaries being 
connected in opposition through a suitable measur
ing instrument. When the two air gaps arc 
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 
meter gives a measure of the displacement. In its 
application the transformers were rigidly fixed in 
a reference position whilst the armature was 
attached to the moving element. Intermittent 
D.C. was supplied to the two primary circuits 
using a motor-driven commutator with two con
tact rings. one ring serving to make and break 

using the copper crusher gauge technique very 
successfully to obtain a point-by-point pressure
time characteristic of an underwater explosion. 
Although these experiments represented an 
important advance in the study of explosion 
phenomena they were in a number of ways in
complete. An elegant solution of the problem of 
recording explosion pressures \Vas suggested by Sir 
J. J. Thomson'"'. In the method proposed the 
pressure is applied to a layer of piczo-electric 
crystals, quartz 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 

Calf1ode rav oscillograph and appara/1,s al Sha11do11 1919 -20 

the primary current \vhilst the other ring served 
to cut out the galvanometer at ·make' only. The 
device was very sensitive, displacements of the 
order I0·• in. being easily delectable. The design 
was supplied to Admiralty Engineering Labora
tory to test as a torsion meter for engine shafts 
and was evemually used in measuring the torque 
and consequently the power transmitted by pro
peller shafts in ships. 

I have referred above to the explosion pressure 
resea.rch at Troon in \Vhich H. W. Hilliar was 

P•1 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. 

<"l See Engineering, 107 (1919) 543. 
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gives a continuous record. was being developed at 
Shandon by D. A. Keys when we arrived from 
Parkeslon Quay in March. 1919. Using J. J. 
Thomson·s original e/m cathode ray apparatus 
(which should have been preserved as a ·museum 
piece·) and pressure gaugeS of quartz and tourma
line. Keys had made records of explosions of 
2¼ lb. guncotton charges. In making these records 
his oscillograph was mounted in a hut on shore, 
the charges and piezo-elcctric gauge being 
suspended, at appropriate depths and distances 
apart. from a nearby raft. An overhead line carried 
the electric charge from the gauge to the 
oscillograph in the hut. The cathode ray tube 
was evacuated by a hand-operated backing pump 
and a Gaede motor-driven mercury pump. To 
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reduce the time interval between switching on the 
cathode rays and the delOnation of the charge a 
double switch was used. The time base for the 
recordings being A.C. at 70 c/ s .. the cathode ray 
spot was. of necessity. 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 
spenl at the turning points of the A.C. base line. 
Consequently there was a strong probahility that 
a parl of the explosion pulse would appear at thal 
pan of the base line where the .r velocity of the 
spot was zero. This in fact is what often occurred. 
In his records Kcvs often recorded lan!e ne!!ative 
pressures which Ile ascribed to ~·urfoce rcj(c,ion 
with reversed phase. I shall refer to this later. 
His results cal1 be seen in Shandon monthly 
reports between April and September. 1919. and 
were published laterr 1

~ 1 . The work was. of course. 
in its early teething ~tagcs and considerable diflkul• 
tics were encountered in obtaining good recording 
spots. whilst vacuum leaks. electrical leaks, etc .. 
were not infrequent. Prior to his leaving Shandon, 
I was asked to take over and continue the wo:k 
Keys was doing on recording underwater explo• 
sions. On 2nd September we went from Shandon 
to Treon in H.M.T. Rohert Barton with the in
tention of recording the explosion of a number of 
300 lb. AmalOI (ammonium nitrate and T.N.T.) 
charges. the arrangements heing directed by Lt-Cdr. 
Errington. R.N .. who had worked with Hilliar at 
Troon. Unfortunately 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 return lO Shandon to 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 alter this, in Seplemher, 1919. Keys left 
Shandon for the U.S.A. and I became responsible 
for further work. in addilon to the normal work of 
Group E. From what Keys had already done il was 
clear that the method was workable in principle 
but a complete re-design of oscillograph and 
vacuum arrangement were necessary, the A.C. time 
base was obviously unsuitable, and the large 
negative pressures (tensions) in the water were of 
doubtful reliability. In his earlier experiments Keys 
had used quartz crystals and had failed to record 
an electrical charge even whe~ shortening the range 

pi) Phil. Mag., 42 (1921) 473. 
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5 inch di(lmctcr tourmaline explosion 
prcss11rc gauge for use wirf, the 

C.R.O. 1919 
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to the point of pulverising the crystals. 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 exactly equal 
and opposite charge developed by pressure on the 
edges. In the case of tourmaline, on the other hand. 
the 'lace' 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 I 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 cathodc•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 October. 1919, and 
continuing (unfinished) at the time of our leaving 
Shandon in January. 1921. The new C.R.O. was 
designed to reduce the amount of glassware to a 
minimum~a robust glass bulb for the discharge 
tube and a plate glass window for observation of 
the fluorescent screen. As in J. J. Thomson's 
apparatus the cathode rays were arranged to fall 
directly on to the photographic 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 
electromagnetic arrangement to wind it. This was 
a failure, however, due to dessication and conse· 
quent cracking of the film in the vacuum. as well 
as the considerable increase of pumping time 
required to dry out the film. Paget 'half-tone· 
plates and later Schumann plates were eventually 
used. quarter.plates (41 X 3¼ ins.) being cut into 
four pieces 2{- X 1 t ins. in size. The filaments used 
in the C.R. tube were either lUll!..!Slen or lime•coated 
platinum wire surrounded by ~a small cylindrical 
sheath which served to converge the cathode 
stream on to the pinhole anode. Vacuum•typc 
greased conical plugs filled in the side of the C.R.O. 
were used (I) to open and shut the door of the 
camera when making a record and (2) to rotate 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 circuit 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, .... irnd nicC ' clean ' records were 
made of A.C. wave forms and later of explosion 
pressurc•timc impulses. For the latter purpose it 
became necessary to invent a pressure.switch 
operated by the explosion pulse in the water at a 
definite instant (about O·OOI 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 olale being of the order of about three mi11i
secoflds. This ITicthod eliminates the uncertainty of 
time delays in firing the detonator. A fresh supply 
of black tourmaline was obtained for the construc
tion of explosion pressure gauges. The first of these 
were 5 in. elfcctive diameter with a tcurnnFne layer 
embedded in vaseline on each side of an aluminium 
disc. Trouble was at first experienced with the new 
supply of tourmaline as the cut slabs (about I cm. 
thick) contained veins of electrically conducting 
material. mainlv 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
tive 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 permitted test of 
piezo-electric gauges up to approximately I It. in 
diameter. A sell-scaling pressure joint was designed 
for the steel cover plate (I in. thick) and a thin 
copper diaphragm about I¼ in. diameter, sheared 

06l St>e papers by A. 8. Wood: Phys. Soc. Proc., 35 (1923) 
109: Journal I.E.£. (1925) 1,04J and A.R.L. Rcporl, 
S/12. 1924 (A. B. Wood and E. H. Lakey). 

by a hand-operated circular cutter. provided a 
sudden release of the hydrostatic pressure (up to l: 
ton per sq. in.) applied to the piezo-elcctric gauge. 
This method of pressure calibration of gauges 
proved very useful and reliable, giving not only the 
maximum pressure on bursting Lhc 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 IO milli-scconds when 
making explosion records. An A.C. time base was 
used at first in calibrations but this \Vas replaced by 
a linear (repeated) traverse with 'flyback • by 
means of a rotating poLentiometer. 

ll should be noted that in making explosion 
records by the method I have described above no 
amplillcation of the piczo-elcctrical 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 o·r a low-capacity cable in the water. It was 
essential lo keep this capacity C as low as possible 
and to use a sensitive low.voltage oscillograph to 
record the piezo•elcctric charge Q so that 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 hot cathode 
oscillographs capable of recording high•speed 
phenomena. impulses and H.F. alternating current 
waveforms. in a single traverse( 1

t1l. The apparatus 
and techniques which I have briefly described above 
were subsequently improved and applied at 
Mining School (Mine Design Department). H.M.S. 
V erno11, Portsmouth, and at Teddington. I shall 
have to refer to further developments when I write 
later about the early days of the Admiralty 
Research Laboratory at Teddington. 

I have referred above to the more important 
items of research which were in progress at A.E.S., 
Shandon. between February/March, 1919. to 
January, 1921. There were others, e.g., loop 
investigations and analysis of ships' signatures to 
derive their magnetic constants, this work being 
done by Lt. Kemp and Mr. Forman. I have said 
very little about personalities, visitors and social 
activities. In May. 1920, there was an outbreak of 
smallpox in Glasgow and many of the swff. 
particularly those likely lO visit or to cross Glas
gow on their way south to meetings in London. had 
lO be vaccinated by a Naval doctor at Shand on. An 
interesting event was the planting of a com· 
mcmorative tree in the grounds by Captain 
Massey, R.N., some time during 1920. with a few 
coins sprinkled amidst the roots. I wonder if it 
still stands-I was told that the Hydro has since 
been demolished. We were described in the local 
Press as Admiralty 'limpets' desecrating the locb· 
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side wilh 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 after 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 Scientific Adviser to the Admiralty 
came on II th April, I 919; I think that was the 
last time I saw him. F. E. Smith visited us on 23rd 
October 1919-he had then succeeded McLennan 
lo the title of Scientific Adviser to the Admiralty. 

QR:FTER PO H RYAH 

on 4th April, 1919, I heard that Sir Ernest Rutber
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, 1919, 
leaving Dr. C. V. Drysdale in charge as Scientific 
Director. There was a sale of the Hydro furniture 
on 22nd-23rd January, I 920. 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 
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Miscellaneous hydrophones circa 1919 

He came again in February, 1920. accompanied by 
Major C. S. Wright. This was my first meeting with 
C. S Wright. An interesting visitor on 26th Julv, 
19 I 9·. was' Sir Henry Jackson. who did so much 
in the early days of Marconi"s experiments. to 
arouse Naval interest in • wireless telegraphy.' 
Other visitors I have recorded in my diary were 
Captain C. P. Ryan. R.N. (of Hawkcraig, Aber
dour), theh at Mining School, Portsmouth; Cdr. 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 School, 
Portsmouth. in February, 1920. In March or April, 
1919, Professor W. H. Bragg (formerly R.D.R. 
Hawkcraig and Parkeston Quay) was knighted, and 
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Hydro al the time. In forwarding the final 
'monthly· report. Isl December, 1920, to 15th 
January, 1921. to D.S.R."" Cockspur Street, S.W.l, 
Captain G. L. Massey, R.N., Senior Naval Officer, 
remarks:' Research work slopped on 15th January, 
1921. and time is now being devoted to getting 
away machinery and stores, and to all the work 
incidental to closing down an establishment of t~s 
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 .":as 
in a state of getting apparatus and general fac1h1Ies 
completed, and when this had been done it has 

1" 1 Note F. E. Smith"s change of title from Scientific 
Adviser, Admiralty, Lo Director of Scientific Research. 
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been a question of taking it all to pieces again, so 
that conditions have not been too favourable for a 
smooth output. However, in spite of these dis
advantages 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 Research 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. Portsmouth, for explosion 
pressure research and sound-ranging; J.M. Ford to 
supervise construction of phonic chronometers, 
elc .. by Cambridge & Paul Instrument Co.; Messrs. 
B. S. Smith. G. F. Partridge and E. V. Mackintosh 
to continue work as facilities permil on high
frequency sound-transmitters; J. H. Powell to ~be 
attached to Mining School, Portsmouth, for trials 
on dip and sag of buovant mines· J. A Craig to 
finish preparations for ·visual lead.er gear trial's 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. Jcvons 
was allocated to H.M.S. Vernon but he left 
Admiralty service soon after the Shandon closure 
to take 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 readv lo receive us. On I st Fcbruarv 1921 I 
remember' visiting N.P.L.. where I first -~1el ln~t. 
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. After returning to Shandon to 
make final arrangements for my temporary remove 
to Portsmouth, I left for an official visit to the 
Cambridge Scientific Instrument Co. There I met 
Sir Horace Darwin and discussed with Mr. R. 
Whipple and Mr. Collins the arrangements for con
struction of triple-dial phonic chronometers, tuning 
forks, elc. On this visit to Cambridge, I also met 
Sir J. J. Thomson, had lunch with D. A Kevs 
(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 
met Captain Palmer. R.N .. Dr. G. W. Walker 
(Chief Scientist) and F. Pickford. 

ADMIRALTY RESEARCH LABORATORY, TEDDINGTON, 

1921 to 1936 

At this stage of my narrative I have begun to 
realise that the rate of progress has been much too 
slow ! The previous three parts have each covered 
a period of t,.vo years. only six years in all, leaving 
me still at the somewhat 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 reminiscences 
in which the author's first sentence reads 'Wanted. 
a detective to 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 the risk of my 
reminiscences degenerating into a list of scientific 
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 al 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 secret nature were not reported at all ! 
However. all the items mentioned ·in the period 
with which I am dealing have now no secrccv 
grading and can be regarded as unclassified ! • 

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. Drvsdale was 
appointed the first Superintendent of the new 
Admiralty Research Laboratory. Teddington. in 
1921. After January 1921 the Shandon staffs were 
temporarily scallcred until the new laboratories 
were ready for occupation. In mv own case, I was 
at that time very much conceriled with acou.slic 
mine mechanisms, underwater explosions, and 
marine sound ranging. Consequently on 23rd 
February, 1921, I went to H.M. Mining School. 
H.M.S. Vernon, Gunwharf, Portsmouth, where 
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The Physics Roard at thc>ir ~·isir to the Mini11g School, Porrm1011rh, 011 271'1 J1111e, 1921. F. E. Smi1h is second from 
left in rhc cmtrc row and 011 l1is left Professor Sir E. R111herford, Professor Sir J. J. Thomson and Professor Sir 

W. H. Bra!(!?, Sir H. Tizwrd sits 011 the ri[(ht-lu111d side of the same row_ 

Dr. G. W. Walker, who came from Eskdalemuir 
Observatory, was then Chief Scientist. He was 
mainly interested in (a) the analysis of 'loop' 
records of ships to determine their principal 
magnetic characteristics for use in the design of 
magnetic mines, and (b) the pressure and damage 
phenomena of underwater explosions: but he 
showed a very reluctant interest. if any, in my own 
work on recording the pressure-time characteristics 
of explosions by means of the C.R.0. and piezo
electric 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. Thev included a number of dis
tinguished scicntiSts and representatives of the 
' Services.' whose object was to inspect the work 
being done by the various government research 
establishments. On this occasion they included Sir 
J. J. Thomson. Sir Ernest Rutherford, Sir William 
H. Bragg, Dr. F. E. Smith and Mr. Henry Tizzard. 
The visit included a run out tp Spithcad on a 
destroyer to sec the area reserved for the explosion 
of large charges-mines and depth charges. Soon 
after this I returned to A.R.L., Tcddington. where 
others of the Shandon staffs-scientific, workshop, 
drawing office and stores-had re-assembled under 

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, Tcddington, was a good
looking if somewhat small building with 1wo 
entrances. one at the rear and the other in front 
facing Queen's Road. The latter entrance was very 
seldom used, apparently reserved for VJ.P's only ! 
The building was provided with well-equipped 
• individual type· laboratories. clerical offices. 
drawing office and a large workshop. In addition, 
a large concrete tank 80 ft. long, 15 ft. wide and 
lO ft. deep was provided. At first this tank was 
exposed to the weather. but later it was enclosed in 
a spacious building filled 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 buildinu. 

The organisation of r'cscarch staff into groups 
followed much the same lines as at Shandon. with 
the addition of three more groups, (a) Optics under 
Instructor Commander T. Y. Baker, R.N., 
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(b) Chemical. etc., under Dr. R. T. Beatlv (c) 
Mathematical and Electrical under S. Butter
worth. and later, in_ 1925: the Gyro group under 
A. L. Rawlings arrived from Grecmvich. As the 
labor~tory was now remote from the sea, much of 
the t_1mc of the r~search staffs was spent in 
planning and preparing at A.R.L. for sea trials at 
other places. e.g. in the Portsmouth, Dover. Sheer
ness, J?evonpon. Gareloch and Loch Lone: areas. 
The disadvantage ?f not having the sea alld ships 

on the doorstep was. however. nartiallv com
pensated by certain advantages-prOximitv· to the 
N.1~.L. where scientific advice crnd s<)metimes 
assistance were available, and the nearness to the 
H.q. at ~he Admiralty, London. made it vcrv con
venient l'~r staff having to attend conferc1lces at 
short notice. We \Vere also brought within easy 
reach of naval bases and experimental cstablish
m~ms. (such as H.M.S. Vernon and Haslar), and 
sc1e!111fic_ staffs could attend meetings of scientific. 
engm_eenng and other learned :-.ocicties. not to 
mention many other facilities in and around 
London. 

As _l have said. Dr. C. V. Drysdule was the first 
Superintendent of the new lahoratorv but in 
addition to ~is official duties in this ct1Dacitv he 
als? ~~und time to continue the reseurches '-'7hich 
he m1t1ated at Shandon. His work on the magnetic 
field and current distribution around a cable Carrv
ing altern~ting current when lying on the sea-bed, 
had been interrupted at Shandon by the wrecking 
of the barge St. Adrian in a storm on Gareloch in 
December. 1_920. The object of this investigation 

by S. Butterworth(rn) who became immediatelv 
interested in the problem of the E.M. field round 
Dr. Drysdale's AC. cable. He worked on the 
theoretical aspect of the problem and carried out 
snrnll scale laboratory experiments. In the Jailer he 
used a sh~et of lead lying on a long table with a 
wue carrymg A.<:=. along a straight line beneath 
the !~ad sheet. U_sm? sn~all searc_h coib he explored 
the E.M. field d,stribut,on (verllcal and horizontal 
ltclds) above the lead sheet. The results 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 investie:a1ions of Dr 
D.rysdalc and the theory and small-Scale rescarcl~ 
of Butterworth was published in the !'hit. Trans. 
of tl~e Royal Societyt~i). The whole investigation 
provides an excellent example of the value of small 
scale laboratory research in providing a solution 
l? ? protracted full scale investigation of a verv 
d101cult problem. The investigation provided 
v~duablc data not only in connection with the 
~1sual lcad~r gear problem from \vhich it arose. but 
1t also denved fundamental data with regard to 
the propagation of low-frequency clcctro-nlugnctic 

::;: ~- R.L. Reports Nos. I?, 18_, I 9, 21, 23 and 25 ( I 922). 
Prom Manchester Umvcrs1ty, a .'ihorL time in 1918 
at H.~1. Si,gnal School. Portsmouth and 1919-21 at the 

, elcctrica\ Standards Laboratory, N.P.L., Teddington. 
A.R.L. Reports Nos. 11 (1921) n 14 (19.,.,) and 16 
(192)]. • ••• - •• • 

,:" P~1i/ .. Tr_w,:.. Roy. Soc. 224 (1923) 95-184. •• The 
D1smbuuon of .the magnetic field and return current 
round a submarine cable carrying alternating current."' 

was to elucidate unfore
seen difficulties arising in 
connection with the visual 
leader cable scheme to 
which I 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 
leader gear (V.L.G.). The 
barge was replaced and 
L. Champney and S. J. 
Willis were left behind to 
continue the field meas
urements around the A.C. 
cable. The details of their 
observations are given in 
a series of A.R.L. re
ports"''· At Teddington 
our staff had been joined 

,\/embers of tl_1e Physics B_oa,rd aboard 11.M.S. Tarpon at Sf'ithead, 27th 
The author 1s III rhc centre talking to Sir William flragg. 

lime, 1921. 
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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 altention 10 an entirely different 
problem for which his e_xtensive ~lectrical ~ngin
ecring knowledge was eminently su11_able. !hts was 
the fire control of naval gunnery, 111 which great 
precision was required in the ~ont~ol of _elevation 
and bearing of large guns on hghtmg_ sh1~s. often 
under conditions of rolling and pitching m heavy 
seas. He was assisted in this \Vork by J. M. Ford 
and later bv J. Bell, T. N. Whitehead and T. J. 
Tooley. HiS A.R.L. group was at n:st design~ted 
the • Fire Control Group." He designed vanous 
types of step-by-step motors, clutch brake motors 
and transmitters. synchronous motors. et~ .. _all 
possessing novel features of particular apphca!1on 
to the gun control problem. It was soon realised 
that these control mechanisms had application 
also to searchlights. gyros and other dev~~es 
requiring great accuracy of dir~ction and stability 
in spite of ship's pitch and roll ma ~ea way .. C';m
sequently in 1923 the group changed Its descnpllon 
to • Low Power Transmission· which dealt with 
numerous forms of follow-up mechanisms and 
indicators for both gunnery and searchlights. Other 
tvpcs of electric motors were designed by Dr. 
Drysdale. and J. M. Ford provided. a valuable 
advance in technique by his introduction of con~
pressed air follow-up moto:s. For the automatic 
telemeter control of searchlights, etc .. the remote 
control of compressed air power motors was 
provided by rotating field electric mowrs. Search
light and gun control research led inevitably _to the 
design of stabilisers_for the automa_t~e ncutrah~a.t1on 
of the effects of pitch and roll. I hesc stab1l1sers 
made use at first Of gyro controls. hut as a simple 
alternative compound pendulums were used. These 
consisted of long-period wheels (_)f large mome~t of 
inertia suitablv pivoted and having a small ad1ust
able out-of-balance to provide the necessary 
reswring force when slightly displaced. Such a 
• penduh1m' behaved as a good • indicator of the 
vertical." An earlv example of such a ·flywheel' 
pendultm1 had a period of 30 seconds, but in later 
designs the period was increased lo 60 or 120 
seconds, and the motion of the • flywheel ' was 
damped by filling the interior _with liqui_d. Details 
of all the equipment J have JUSt mentioned can 
be found in A.R.L. Quarterly reports for the years 
1921-25. In March 1926. I made experiments with 
an optirnl follow-up systemu-~> using ph~to-electric 
cells (Selenium or other types). This system 
employed ;:l semi-cylindrical sc_reen w_ith its e~ge 
obstructing half of the intermittent hght passing 
through a slit-focus and then~e falling on a sele~i~m 
or similar photo cell. Any slight 9hange of pos1t10n 
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 relay controlling a pilot 
air-valve and air-motor drive. With this arrange
ment it was found possible to follow with 
an angular accuracy of ± 10 n_1in~tes of arc when 
1he stabiliser pendulum was swmgmg thr?ugh ±2_0 
degrees with a period of IO sernnds (ume). This 
system was applied successfully m ship tnals of 
the searchlight stabiliser (with 'flywheel' pendulum) 
and was also used for gvro controls. Jn 1927 J. M. 
Ford introduced the ()il transmission gear drive 
for uun and searchlight control. In this year also 

e I 11· bl ''" Messrs. Vickers completed the arge ro mg ta e -
above the far end of the tank laboratory. The table 
is 12 ft. diameter, and has a maximum travel of 
17 fl. hori';.onta/ly with a pitch of ±5° and periodic 
time 10 seconds. and a roll up to ±30° with any 
periodic time between 9 and 28 seconds, and it can 
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The Admirally Research L11hormory, Qm•cnJ Road, 
Tcddi11g1011. /111ilt /Yll. 

be trained at any speed up to 4 r.p.m. in either 
direction. When loaded it weighs nearly 30 tons: 
its movements are verv smooth and only require 
a total of 5 h.p. to drfvc it. It will carry about 5 
tons of gear. The large glass buildi~g covering the 
rolling table became the most conspicuous external 
feature of A.R.L. 

This 'table' which could simulate the large 
amwlar motions of roll and pitch of a ship was 
in;aluable in the tests of full scale searchlights 
controlled bv the compound pendulum and 
auxiliary dev!Ces, oil drives. stabilised platforms. 
gyros a·nd even personnel (fo:. resistance . ag_ainst 
sea-sickness!). It greatly fac,htated prel1trnnary 

'"' Sec A.R.L. Quarlerly Reports 18a to 24a. 1926-27. 
'"'" For description see A.R.L. Q.R.a. 25 (1927). 
,~,, Sec A.R.L./S/23, 'A.R.L. system of Stabilised Scart:h

light 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 till 1929. when it was taken 
over as • ship"s equipment '< 2 ~i. Similar control gear 
was about this time (1928) supplied to H.M. Signal 
School for the stabilisation of 20-inch signalling 
projecLOrs. 

In October 1929, Dr. Drysdale left A.R.L. to 
become Director of Scientific Research at the 
Admiralty in succession to Dr. F. E. Smith (later 

.. _ 
-

~--= .-·•·:: ... 

-•- o~~"'."'.- ~-
--~-r,;c. 
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The A.R.L. 'Rolling Table' creeled i11 1921 

Sir Frank Smith) who had accepted the post of 
Secretary to the Department of Scientific and 
Industrial Research (D.S.I.R.). J. M. Ford now 
took over the active direction of the work of the 
low power transmission group, assisted by J. Bel]. 
S. J. Willis and T. J. Tooley as before. Dial or 
follow-the-pointer motors were developed. One 
of these. known as the Magslip (magnetic slip-

{:,> Sec A.R.L./S/29, January 1933. 
(:GJ See • Stephen Buuerv..·orth - An appreciation: 

/.R.N.S.S. I, J (January 1946). 
'"'' See A.R.L./S/24. A.R.L./S/25. A.R.L./S/26, 1930. 
'"' Sec A.R.L./S112, A.R.L./S/5, A.R.I../S/10. A.R.L./S/11, 

1924. 
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ring indicator motor), a small A.C. repeater motor 
2 or 3 inches in diameter, gave very accurate 
remote indications of dial readings or the angular 
po:,;ition of any rotating mechanism. The magslip 
transmission(~ 5 , was subsequently used in the 
services very extensively for fire control, e.g. it 
was fitted in H.M.S. Barham in 1932, it was 
tried successfully at Army manoeuvres at Datcher 
for transmitting the training and elevation deflec
tions from an A.A. predictor to the guns. The 
results were very satisfactory and it was decided 
to use magslips !or fire control operations. Rolling 
table tests of searchlight control gear designed for 
use in H.M.S. Exeter indicated in 1930 an 
accuracy of :,;tabilisation 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. torque amplifiers, oil 
pumps, etc., designed by Ford and his group 
resulted in considerable reduction of weight com
pared with the corresponding items using air or 
electric motors. The oil drive system was incor
porated in the control of stabilised platforms fitted 
in H.M.S. Iron Duke and other large vessels 
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 H.M. Carriers 
Courageous and Ark Royal in 1936. A power 
stabilised 'director sight' showed in trials on the 
rolling table an accuracy of ±3 minutes of arc for 
a 15° roll amplitude and a 10 second periodic time. 

Stephen Butterwonh's assistance to Dr. Drysdale 
in the Leader Cable problem and in the study of the 
propagation of E.M. waves in the sea has already 
been mentioned. He also did valuable theoretical 
work and gave helpful advice in connection with 
problems arising in the researches of other groups, 
more particularly those relating to underwater 
acoustics and explosionsc26 >. His theoretical work 
on the beam shapes (directional characteristics) of 
H.F. sound transmitters and on the equivalent 
electrical circuits of magnetostrietion and quartz 
transmitters( 2

~' played an important part in the 
development of these devices. Underwater explosion 
research was also a subject of great interest to 
Butterworth. Following the development by the 
writer of the piezo-electric C.R.O. method of 
recording explosion pressures (sec A.E.S. Shandon). 
he developed a theory of underwater 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 
explosio11< 2si. 

In addition to applying his knowledge as a 
mathematician Ill difficult theoretical problems. 
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A • .'ii rip· camera pholORraph slw1d11K the fall of a torpedo rclclLscd from a11 aircraft. 

Butterworth did much experimental work to. test exposed a photographic plate in a . successi~n of 

hl·s theoreLical deductions. In this he was assisted adjacent strips whilst the telesc_op1c view-finder 
H was continuously aligned on the aircraft and/or the 

by J. A. Craig and la_ter by_ M. W. Burgess. e following torpedo. The trials of this camera were 
desiened sensitive moving COIi relays, of the order carried out off Stokes Bav pier. One of Buller
of 2~ micro-amps sensitivity, for use i~ non-contact worth's more important c0ntributions Lo r~search 
mines. and stable galvanometers which could be al A.R.L. was his model tank for the cxpenmental 
used in a rolling ship. Another of his mterests study of •entry· and • trajectory· of underwater 
related to the external ballistics of guns. He projcctiles~in particular. toqJedoes, depth charges, 
devised and used a solenoid method of mea_s~nng and aircraft-laid mines. In this experimental study, 
the muzzle velocity of_ shells-using a cr_it,c~~lr commenced ear1v in 1936(3 1) he was assisted by 
damped Einthoven oscillograph for recording • J. A. Craig and M. W. Burgess (in the ea_rly stages). 
He also measured the velocity of recml of guns, During the period of which I am wntmg (1.e. to 
the expansion of the_ gun barrel: and '.he ddlecu~n the end of 1936) the investigation was concerned 
or 16-inch guns m triple turret finng ( gun-Jump ). mainly with measurements of the drag-coefficients 
His work at Shoeburyness range on the measure- of torpedo-shaped bodies of model size about I /20 
ment of the recoil velocity and accelerauon of _a full-scale. These were fired at high speed under 
6-inch gun was carried out in 1931. and _his water (at first from a horizontal air-gun muzzle 
report''°' eivcs details of the method. The detection inserted through the end of the tank) and the 
of enem/ submarines, including • midgets,' by velocity and deceleration were measured by re_cord
means 0 ( loops of cable laid on the sea-bed across ing the passage of the torpedo through a series of 
channels and estuaries, \Vas made_ difficult o_n coils spaced along the tra1ect~ry _of lhe torpedo m 
account or industrial and terrestnal magnetic the water (on the same pnnc1ple of the s~ell 
perturbations. Butterworth devised various_ methods velocity measurements al Shoeburync~s to which 
of reducing or neutralising the perlurb~t10ns, e.g. reference has been made above). Vanous shapes 
by , 3-D. balan_cing, of loops. His double- of torpedo head----<:onical.. ogival. hemispherical, 

I f etc were tried-and cond1t1ons of enlrv (splash, galvanometer which_ acted as a very ~w- _regue~cy ·, • h h 
filler was an ingemous method of discr_1m~nat1_ng up-or-down, turn, etc.) were studied w ~n l e 
between perturbations and the submarines ~1g- airgun was, at a later stage. arranged to hre the 
nature. His early interest in the problems_ rela_tmg projectile from a point above the level_ of_the_water 

in the tank. Oscillations of the proiect1le m the 
to the stability of torpedoes when runmng m a cavity were observed when the photographi_c tech-
swell led Butterworth to make valuable sugges· h h 

I f d nique was introduced. As we now know, t 1s tee -tions to improve the depth contra o torpe oes. I d A R L b 
In association with J. A. Craig he was conc~rned nique has been further deve ope at • • • y 

in the development of a very suc~essfu_l st~ip '"'') A.R.L./35. See also Joum. Sci. Jnsts. 4, I, October 
camera • for the photography of air t~aJectones 1926, 8. s. Buttt!rworlh, A. B. Wood and E. H. Lakey. 
dropped from aircraft in¥' th~ sea. This cam~ra ,:"") A.R.L. Rcpon/52, July 1931. 
was fitted with a very mgemous shutter which (·1') Sec A.R.L. Quar1erly Reports QR.58a to 61a. 1936. 
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J. A Craig using high speed photography, and is 
now used in many other laboratories elsewhere. It 
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 early 
in 1921 to an office in our Admiralty headquarters 
to deal with reports and re-organisation, whilst 
awaiting the completion of the new laboratories at 
Tcddington. He continued for some time after the 
re-assembly of staff at Teddington to assist Dr. 
Drysdale with papers, etc., and it was not until 
some time after the conclusion in 1923 of the AC. 
cable experiments in Gareloch that L. Champney 
was free to assist Dr. Young in experimental work. 
In 1923 Dr. Young devised methods of recording 
the displacement of ship's plating and bulkheads 
in explosion damage trials. These were first tried 
out in the Monarch trials( 3zJ in August 1923, in 
which many others. including myself, were involved. 
but with different objects in view. I 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( 33 >. Briefly his device con
sisted in principle of a pair of telescopic tubes. the 
end of one being attached to the bulkhead and the 
end of the other to a relatively rigid part of the 
ship's structure. Movement of the bulkhead would 
cause one tube 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 with time 
marker. Fifteen of these lime-recording displace
ment battens were used in the trials. The records 
showed rather complex displacement-time features. 
The first maximum of approximately one foot dis
placement was reached in about O· I second followed 
by a second maximum of nearly the same amplitude 
after 2 seconds, with further small-amplitude 
oscillations to follow. Both mechanical (T.F.) and 

<='" 1 H.M.S. Mo11arclt was a bnttleship scheduled for dc
struclion under the Lerms of the Versailles Trealy arter 
the end of the 1914-18 war. 

<
3
"J See A_R.L./S/7, "The dencct'.on of bulkheads in 

Monarch Trials.•· 1923. 
(:i.l) See J.R.N.S.S. 2, 2, (March 1947) 58. (Illustra1ions of 

A.R.L. Course Plotter Mark V). 
<·
1
'> See various A.R.L. Quarterly Reports, between March 

1924 and March 1935. 
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electrical types of ·battens' gave much the same 
indications, the latter being considered to be more 
reli.ible. 

An important problem in which Dr. Young. 
assisted by L. Champney, was engaged from 1924 
to 1933 related to the automatic plotting of the 
course of a ship on a chart. Between 1930 and 
1932 he was assisted also by E. H. Lakey in the 
development of the Type B course plotter which 
later became standard for all ships'"". In 1924 
when the work commenced there were alreadv in 
existence several types of course plotters which, 
for various reasons. were unreliable. These \Vere 
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 Plotters). 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 out of action, and 
(d) the plotting table with gear for the continuously 
variable plotting scale. Subsequent to the construc
tion of the 'composite ' course plotter a number of 
basic improvements were made in the A.R.L. 
instrumenl Lo ensure reliability up lo a range of at 
least 1,000 miles. Early in 1925 the course plotters 
were readv for sea trials. On account of various 
defects the Brewenon plotter was withdrawn from 
the trials. The A.R.L. plotter""' was fitted in 
H.M.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. type) was fitted in H.M.S. Rei·mge 
with very favourable reports. The distance error 
was 0·3 % and bearing error less than half a degree. 
In a later, improved type, the • Spot of Light • type, 
fitted in H.M.S. Warspite, the errors were less than 
±% in range and ¼ degree in bearing. This result 
was reported after a run of 5,000 miles (naut.) 
without adjustment or cleaning1 with an instrument 
having been constructed throughout, to A.R.L. 
design, by an ·outside· firm. The course plotter 
fitted in Rei1enge was ultimately transferred to 
H.M.S. Nelson and in 1927, like the one in H.M.S. 
Wanpite, \Vas reported to be verv satisfactorv. 
Five further A.R.L. course plotters \Vere Lhen made 
for trial in the Atlantic and Mediterranean Fleets. 
and sent to H.M.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/Sand non-A/S vessels. The final specification 
for the A.R.L. course plotter was supplied to 
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D.T.M.. Admiralty who took over the respon
sibility for supply of plotlers for 1934 and subse
quently. A course plotter (fitted with • view IJ!Ot 
projector') was sent from A.R.L. to Nav1ga!Ion 
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 early days when the plott_er 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 
designed 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 occas1onal 
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 senous hold-up 
and much expenditure of time and money. It was 
considered th-at if the life of the insulation of the 
cahlcs 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
nev started a prolonged research into the factors 
lik-ely 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 actual1y saw any of 
these reports. but I 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. I hav_e no 
information as to whether or not the ultimate 
object of the research was achieved. 

In July 1934, F. B. Young became Superinten
dent of A.R.L., when C. S. Wright became D.S.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 A.R.L. in 1921 
was controlled by Dr. R. T. Beatty assisted at first 
by AG. 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 I p. region of the infr~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 
requi;ed 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 Bea tty's I.R. 
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 
I shall refer later. In 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, Ports
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 end of 1922 Beatty was ~rowing cry~tals 
4½ in. X 3 in. X I. in., 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. 
electric axis in same direction as applied pressure). 
This resulted in much reduced wastage in cutting 
crystals 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 I 5-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). In 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 its 

pr:, Transmission of Dyes in the Infra-Red 
region (R.T.B.). Phosphorescent and A.R.L./S/I 
Photo-dielectric sensitivity of Zinc Sul-
phide. (A.G.M.). 

13; 1 George Bell & Sons-Publishers. 1932. 
i::~J See A.R.L./S/18. 'Television,' R_ T. BeaLty and 

J. A. Hey. December 1925. 
(3''> See A.R.L. QR (a) Report No. IOa (March 1923). 
<10 ) NOTE: Dr. Rawlings lefL A.R.L. in 1928; then 

W. Burnside directed the Gyro group. 
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application to the large lead batteries used in 
submarines. Milligan was ultimately transferred in 
1931 to continue this work at the Admiralty 
Engineering Laboratory. West Drayton. 

In addition to his infra-red work, Dr. Beatty 
was very interested in acoustics and radio (W (D 
problems. He wrote an excellent book on Hearing 
in Man a,;d Animuls(:i.J and numerous articles on 
·Wireless· for technical journals. He did some 
_exper_imenls on _telev_ision <3s}. assisted by J. A. Hey, 
m which he devised mterestmg methods of scanning 
and the use of various photoelectric devices. The 
optical group were also involved in the television 
transmission of photographs-telephotographv'"' 
-from aircrafl to ships or shore bases. • 

In 1925 a new research group arrived at A.R.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 addition to their original 
purpose for navigation. The work they were doing 
on arrival at Teddinglon was first reported 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, (c) Angular torpedo control and 
(d) Turret training control. Tests of the Brewerton 
gyro compass showed it to be unsatisfactory, whilst 
the Sperry compass Mk. VJ 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, etc. 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 H.M.S. Ne/son( 41 l. 

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 Lo which I have already referred in Dr. 
Drysdale's group in connection with searchlight and 
gun control operations(HJ. They were also used in 
connection with stabilised director sights. 

<n) Sec A.R.L. Q.R.J0a to 34a (March 1929-March 1930). 
ttii See A.R.L. Q.R.J0a, and A.R.L./S/28, January 1932. 
(tJ) Sec A.R.L. Q.R.55a, June 1935. 
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As my knowledge of gyros is very scanty I have 
refrained from remarking about the scientific and 
technical aspects of the research work of the gyro 
group. 1 should recommend those interested in this 
work Lo consult the original A.R.L. Quarterly and 
special reports. 

This remark applies also in regard Lo the Optics 
Ccoup under the direction of Inst. Capt. T. Y. 
Baker. R.N. Gyros and optical instruments for 
Naval_ use tend to become 'highly specialised' and, 
speakmg for myself, only those of us who are in 
conslant touch with the research work, i.e. those 
who are actually doing the research. are in a 
position to crilicise or make intelligent remarks 
on their design and use. I shall therefore confine 
my remarks about the Optics group to the 'head
lines· and leave discussion of important 'details' 
Lo those more competent to do it. Cdr. (later 
Capt.) Baker's staff included R. W. Cheshire, 
E. T. Hanson, H. S. Young, M. 0. Pelton, J. F. 
Sutton, P. Laird, Col. Benson, Col. D. C. S. Evans. 
Army and Navy representatives were attached 
temporarily, as liaison officers, to the Optics 

Photograph of a projectile i11 an air cavity, in rhc wala
t'lliry w11k. 

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. Q.R '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 to 
this type of instrument research which could 
mostly be done in the laboratorv al A.R.L., about 
this period the Optics group were engaged 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 experimental equip
mcnt<·1~> were made in H.M.S. Repulse in 
1922. A deflection of 60 seconds of arc was 
observed on a 190 fl. baseline. In connection with 
the problem of height-finding of aircraft. a 'gun 
layer teacher' was designed which incorpomted a 
•minifying telescope' ! Other interesting items 
which were being investigated in 1923 were: A 
photographic triangulation camera for marking 
•fall of shot·. rangefinders and inclinometers, 
buhh\e sextant for use when the horizon is invisible, 
filming of glass surfaces in optical instruments. 
an A.R.L. anti-aircraft predictor with corrections 
for wind effects, and T.V. transmission of photo
graphs (telephotography). 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 
altitude of 60° which was the lowest previously 
possible. Experiments were also being made to 
take photographs through the periscope of a 
submarine. With suitable colour fillers it was 
found possible (in 1925) to obtain pictures in 
which objects were readily identified. with an 
exposure time of 1/50 second at F.2. An optical 
level was designed for gunlaying during bombard
ment when heavy smoke obscured visibility. A 
mercury pool was used for this purpose. I seem to 
recall that this device was unsuccessful in trials on 
account of vibration and general motions of the 
ship. During subsequent years much effon 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 parallelism in binocu
lars, particularly night-binoculars for submarine 
or aircraft spotting. An important factor relating 
10 this problem was that of "hctcrophoria" in 
Ohservers( 4 t1). This is a squint in the relaxed con
dition of the eves. such as would exist for example 
on a starlight· night over an infinite sea with no 
dctinile object on which to focus the eyes. This 
squint amounts to 2 or 3° on the average, seriously 
atfccting night lookouts' 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 stabilised platform designed by Dr. Drys
dale"s group. This was used not only by lhc 'low 
power group but also by the gyro and optical 
groups in tests of their instruments at sea. Both 
Dr. Drysdale and Capt. Baker w,.re concerned in 
the design of a power stabilise□ director sight. 

I have mentioned only a few of the problems with 
which the Optics group were concerned. Some of 
these may seem unimportant and some ~hich I 
have omitted more important 10 those particularly 
concerned in naval applications of optics. To those 
requiring further enlightenment I should advise 
them 10 consult the original A.R.L. reports from 
1921 onwards( 4 si_ 

I 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.E.S., 
Shandon, of this series. Assisting him 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. Mc:Geachy. As I have already men
tioned S. Butterworth provided considerable 
theoretical (mathematical) assistance. In 1927 I 
took over the work of this group in addition to my 
own. when B. S. Smith left A.R.L. to take charge 
of the Asdics Research and Development Estab
lishment at H.M.S. Osprey, Portland. During 
the six vears. 1921-27. at A.R.L.. B. S. Smith was 
mainlv concerned with developing high frequency 
transri1itters and receivers as alternatives to the 
quartz asdic. and from 1923 in developing an audio 
frequency echo depth sounder. I referred very 
brieflv under A.E.S. Shandon to the electro
magnetic strip oscillator. Al A.R.L. this long 
strip was modified and became a 'ring·. in reality a 
verv short cvlinder. diameter ahout 20 inches and 
"length" abo.ut 3 inches, which vibrated axially. 
The axial section of the ring consisted essentially 
of a duralumin resonator having its main mass 
concentrated on the inner edge (in air) and the 
smaller mass at the outer edge (radiating into the 
water). whilst the elastic "leg· connecting the two 
masses completed the resonant system. A thin 
flexible edging around the cylinder served t_o 
locate the resonant ring in the applied magnetic 
fields and 10 make the system watertight. A 
powerful annular magnetic field. D.C. with super
posed H.F. alternating field. caused the _ring_ to 
vibrate axially at its resonant long1tudmal 
frequency. In principle 1hc excitation of the ring _is 
similar to that cmnloved 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 proceeds via the edge of 

<01 Sec A.R.L. Q.R·s 2 to 6, 1922. 
""' See A.R.L. Report No. 36. 
•1•· 1 A.R.L. Q.R.49, December 1933. 
(,:, A.R.L. Q R.57. December 1935. 
i•~, Available in the Library at A.R.L. and at N.S.T.I.C. 

a'> • unclassified • reports. 
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i•JJ See A.R.L. Q.R.12(a) to 14(a). 1924-25. 
'Jo') A.R.L./S/2. r\.R.L./S/3. 1923. 
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the ring. These H.F. rings of various frequencies 
IO. 15 and 20 Kc/s. were made and sent to H.M. 
Signal School Asdic Division. Portsmouth for 
test( 4

!•). The efficiency was stated to be about 70% 
when the ma~nct poles were laminated. falling 10 
40% with solid poles. In later sea trials in 1925-
26 difficulties were encountered due to 'double
pcak" resonances and trouble with 1he 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 difficulties in 
manufacture. e1c. S. Butterworth wrote a paper 
on 'The theory of ring and strip transmitters and 
the distribution of sound around various trans
millers which also dealt with beam shapes of 
ring, line and disc sources. A description -of the 
design of The moving conductor ·H.F. trans
miller is also given by B. S. Smith in A.R.L./S/3 
report uo). The ring transmitter to which reference 
has just been made was essentially a continuous 
wave (C.W.) type. the length of the pulse trans
milted being read_ily controlled. The second type 
of transnutter which B. S. Smith designed used a 
resonant steel rod. which was struck a pmverful 
hlow al one end by an E.M. operated hammer 
(later replaced by one pneumatically operated) 
emitting into the water from the other end of the 
rod a pulse consisting or a damped train of H.F. 
waves. In this case an independent tuned receiver 
of H.F. sound had to be used. At first the sound 
emi1tcd from the end of the steel rod was dis
appointing. until it was discovered that cavitation at 
the emitting face was the cause. When this face 
was enclosed in an oil-filled dome under pressure 
and free from dissolved air or bubbles the sound
output was. considerably_ increased. This type of 
rod transmitter was designed for deep sea echo 
sounding. and in 1926 was handed over to 
H. Hughes & Son to manufacture for this purpose. 
Tuned high frequcncv microphones were designed 
for use at asdic freQucncies. These were ~f a 
double diaphragm type enclosing carbon pellets 
such as were used in audio telephones. Rochelle 
salt was also used for reception of H.F. sounds and 
a few transmitters were also made. The latter 
h?wcver could only be used for experimental work. 
with very low power outputs. For reception. 
how~ver. Rochelle sail had many advantages. 
particularly that of_ high p.c. scnsivity compared 
~·1th quartz. Its main c.hsadvantage was of course 
its great solubility in water! 

n_) A.R.L./S/21. R. S. Smith. June 1927. 
,·., See fo~ example A.R.L. Report 27, • Continuous Depth 

Sounding by the telephone method: B. S. Smith. April 
1923. F. E. Sn:iith. Pr(lc_ Roy. hm. 2" (1924). 342, 
A. B. Wood. So1111d, p. 472 (1st Edition Bell. 1930). 
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A very useful device designed by B. S. Smith at 
A.R.L. was ·an instrument for measurement of the 
strength of asdic echoes·u,o. 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 H.M.S. Osprey. Portland. Perhaps the 
most important of his achievements at A.R.L. was 
lhe Echo Depth Sounder (telephonic audio
frequcn_cy system). He had contemplated designing 
a conunuous E.D.S. at Shandon in 1920 but 
it was not until we were installed at Teddington 
that serious work on it was begun. The system 
employed has oflen been described"'' and the 
foll?win~ b_rief outline may serve to explain the 
b::ts1c prmc1ple. The source of sound is a steel 
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. 
operated hammer. Current through an clectro
ma~net 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 receiver arc 
mounted in water-tilled tanks on opposite sides of 
the ship. the hull forming a partial screen to the 
direct sound_ A constant-speed motor drives two 
co~rnrntato~s through suitable gearing. One of these 
which consists of a metal disc with an insulated 
segment causes the hammer to strike the dia
phragm \\'hen this segment passes the brushes. 
The second commutator on the same shaft as the 
fi_rst ~hart-circuits the ~clcphones in the receiving 
ClrCUII except for a bnef period, provided by an 
insulated segment. during which the "phones can 
"listen·. There is consequently very little back
ground ship noise and onlv the direct sound or the 
echo can be heard at fui! 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 Lime. 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 or the velocity or sound in the water. 
the angular displacement of the "phone brushes 10 
the ·echo' position can be calibrated in terms of 
depth. The first sea !rials of this equipment were 
made with an • outboard • experimental set-up in 
H.M.S. Kellett in September 1923 which h>avc 
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 obtain reasonable listening conditions, 
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which varied from ship lo ship. This audio 
frequency ·tclephon~· sounding system wa_s e~entu
ally filled lo a considerable number of ships in th,e 
Navy and re-named 'Shallow waler Echo Sounder . 
The audio frequency E.D.S. was in 1925 handed 
over lo Hcnrv Hughes & Sons for manufacture 
and fitting in hoth Naval and commercial vessels. 
In practice it worked fairly well up lo depths 
around 200 fathoms, but reports of hammer and 
spring failures were frequent. A more po~erful 
set was made for ·oceanic' soundings but this n~et 
with much trouble in service. In 1927 an audio
frequency echo sounder was made for_ installat~on 
in survey motor boats but the acoustic screening 
between· transmitter and receiver was found to be 
an insuperable difficulty, to which I shall refer 
later. 

On leaving A.E.S. Shandon in February 1921 
mv headquarters were temporanly transferred 
to· Mining School, H.M.S. Vernon, Portsmouth. 
until the end of June. Here I hoped to resume my 
research on underwater explosions, using the 
cathode ray oscillograph and piezo-electric (tour
maline) gauges which I had made at Shandon, 
but on this occasion this did not matenahse, 
although I made some progress in improving _the 
technique of recording explosion pr~ssur~-l1me 
characleristics as far as this was possible m the 
laboratory on shore. I also analysed for Dr. 
G. W. Walker, Chief Scientist. a considerable num
ber of 'loop' records, to derive magnetic data of 
the ships which had passed over . the _ loops. 
Notable events, from my point of view, m this 
brief period at Mining Sch-ool. were (a) the v_isit 
of the Phvsics Board to which I referred earlier. 
and (b) tile Foundation meeting _of the Inst_itute 
of Physics in London on 27th Apnl, 1921. which I 
attended. At this meeting 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 
figure, was a powerful speaker - a memory !lot 
likely to be forgotten by those :,vho heard him. 
At the end of June 1921 I left Mining School and 
after a short period of leave returned to A.R.L.. 
Teddinglon. My new 'lab' was at the ~xlremc 
right-hand end of the block. when facing the 
building frontage in Queen's Road. J. M. Ford 
who was working wilh me at Shandon was now in 
Dr. Drvsdale's group, although he continued to 
take ail interest in the work I was doing on 
phonic chronometers, shock receivers, etc., 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. ,during the. years I 920-
22, in sub-marine sound ranging by various methods 

and in making accurate measur~ment~ ~f the 
velocity of sound in the sea. This I did m co
operation with Cdr. H. E. Browne, R.N., who was 
in charge of the sound-ranging stauon _at 
St. Margaret's Bay near Dover. The velocity 
mcasuremenls were made by a special multiple 
charge technique, using four . hydrophon?s on a 
baseline extending over 12 miles long lying N-S 
approximately, the length being known to one part 
in 10.000. Temperature measurements were made 
along the base line, at the fi_ring points of the 
explosive charges and at various points m ~he 
localitv, and observations were made during 
winter· and summer conditions of temperature. 
The salinilv coefficicnl of velocity was eslimated 
by comparing velocities measured at_ ~handon and 
at St. Margaret's Bay where lhe sahmt~s were 28 
and 35 parts per thousand respeet,ve_ly. Tl~c 
rcsulls of these observations were published rn 
A.R.L. Reporls and later in the Proceedings of the 
Royal S0Ciety( 53 ). These velocity measureme~ts 
provided reliable data not only for sound-ranging 
and survey purposes but also later for echo depth 
sounding which was soon to become a slandard 
method in ships all over the world_. The values 
ohtained for the velocity of sound in the sea at 
different temperatures and ~ali_nities have _recently 
been shown lo be reliable wllhm one part in 5,000 
by accurate laboratory measurements at. ~.O.L. 
and N.R.L., Washington, U.S.A. In addll1on to 
the velocitv measurements a new syslem of sound 
ranging and localion of sub-m~ri_nc e~plosions ~vas 
developed. by a method pcrm1ss1ble in peace time 
but not during a war. This wa~ kn~wn as the 
Radio-Acoustic Metfiod<:H>. A ship finng a sm~II 
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 radi~ ' dot' was trans
mitted from the ship on detonation of_ the charge. 
This dot was recorded al the S/R stauon with the 
subsequent arrival of the sound wave ~t the 
various hydrophones on the surveyed base-hne. A 
knowledge of the velocity of sound m the sea and 
the various times of travel of the explos10n pulse 
gave the range of the explosion from the individual 
hydrophones. This method gave very accurate 
• fixes· in a few minutes. During the course of 
experiments it ~etcct~d an er:ror of a mile in the 
position of a lightship marking a sandbank and 
was used to navigate a deslroyer along a difficult 
channel between sandbanks off the Dutch coast. 

('-1 ) Proc. Rav. Soc. I03, (1923) 284. A. B. Wood, H_ E. 
Browne :ind C. Cochrane. 

rr.ii Sec A.R.L. Reports Nos. 13, 14 and 15, 1921. and 
Proc. P/rvs. Sue. 35. p. 183, 1923. A. B. Wood and 
H. E. Bfowne. 

,.,5 1 See A.R.L. Q.R-26, March 1928. 
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Another investigation of a relatively 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 <1long the range, they dipped a 
flag • by hand • as they saw the torpedo (or its 
hubhle stream) pass lhe rafl and observers using 
binoculars noted the times by stopwatch as they 
saw the successive flags • dip.· In conditions of 
poor visibility this was unsalisfactory. \Ve had 
chatlering contacl hydrophones at each raft, con
nected to a six-pen recorder at the firing point. 
This recorded the instanl of firing and the passage 
of the torpedo al each rnft. It gave good results 
for lorpcdocs running at speeds 25, 30 or 35 knols 
and worked well in dark and stormy wealher when 
• human • markers on the rafts were useless. It was 
in use at Arrochar torpedo range for several years 
and became particularly valuable when trackless 
torpedoes were introduced <" 5 , . Whilst these experi
ments \\'ere 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-clcclric gauges. To lest 
the C.R.O. al A.R.L., records were made of high
speed transient electrical phenomena (condenser 
discharges and other forms of impulse) and of 
high frequency wave-forms up to about 10~ c/s. 
A proposal was also submitted lo C.S.R.D. 
Woolwich to use the C.R.O. and P.E. method to 
record the pressure in gun barrels on firing a 
projectile. A C.R.O. was supplied and it was used 
for this purpose. also for recording the blast 
pressure of I 6-inch guns al Woolwich proving 
ground. J. A. Craig made the blast pressure records 
in 1923 using a • strip· type 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 (s,q. Other interesting applications of the 
C.R.O. the first of its kind lo record a sinele
traversc suitable for recording high-speed phcn~m
ena. could be mentioned hut this would occupy 
too much time and priming space ! To return to 
the original purpose of the C.R.O. and p.e. gauge; 
E. H. Lakey and I made preparations for an ex
tended series of explosion trials, (a) damage trials 
againsl H.M.S. Gorgon and H.M.S. Monarch, two 

''"'' See /\.R.L. O-R.6a, ?a and 8a. 1923. 
(J;, Sec A_R,L. Q.R·s 1922-24 and A.R.L./S/12, 1924. 

(A. D. Wood and E. H. Lakey.) 
w., Sec A.R.L. Report on •• The nature of Lhc pressure 

impulse produced by the delonation of explosives 
under water. An investigation by the piezo-electric 
cathode-ray oscillogrnph 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 Treaty, and (b) a series of 
trials with special charges from a few pounds lo a 
ton of explosive (T.N.T.. Amatol, etc.) Lo obtain 
pressure, momentum and energy values, ctfecl of 
varying range and depth of charge. shape and type 
of container (e-1:. dcplh charge, bouyant mine, elc.). 
The Gor}/011 trials took place in September 1922 
when T.N.T. charges of various weights (250 lo 
2.000 lbs.) were fired in proximitv to the hull. 
pressure gauges of various kinds (Hilliar crusher 
gauges, copper diaphragm gauges and piezo-electric 
gauges) were used. One record (250 lbs. 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 intcrcsl. It showed the sudden rise 
(<JO·' sec.) of pressure followed by the usual 
exponential fall but this was suddenly cul off by 
the refleclcd pulse, reversed in phase~ from the air
hacked hull of the ship. The Monarch trials 
(August 1923) were similar in character to those 
for the Gorgon. The results of both these interesting 
and imponanl trials were fully reported in Mining 
School 'Summaries • in 1922 and 1923. and the 
C.R.O.-p.c. measurements arc also described in 
A.R.L. reports""· With regard 10 (b), the explo
sion pressure measurements using special 'research' 
charges. here again • Hilliar.' copper diaphragm 
and piezo-electric gauges were used. A large 
numhcr of C.R.O. records were made showing 
the almost instanlaneous rise of pressure followed 
by the exponential fall in the explosion pulse. 
The p.e. records supplied the necessary data for 
measuring maximum pressure, momentum and 
energy in the explosion pulse. and the effects of 
varying weight of charge, range and depth(',~ 1 _ 
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C.R-O. and pic::.o-elcclric rt'cord of /Jrt'Hurc-timc cun•c of 
a T.N.T. cxt,lmio11 1wdc1 wa:cr 
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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 c<;mtinuously to the 
present day''"' both here and m U.S.A. On the 
theoretical side, I have already mcnlioned the con
tributions of S. Butterworth relative lo the form 
of the explosion pulse under water and _the 
damage to structures, in particular to ships' plating. 
His theoretical conclusions agreed reasonably \Veil 
with the results of experimental trials. The explosion 
trials at Mining School. Portsmouth. were con
cluded at the end of 1923 but I was fullv 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 experiments< 59 i. Between February 
1924 and February 1925 Lakey lefl me, lo join a 
Mining School party (with Johnson and Colquhoun) 
on Southern latitude • Loop' trials at Ceylon, 
Jervis Bay (Australia) and Singapore. 

In 1924 D.S.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 enemy plane al any time of the day 
or night. ' Some• physical characteristic of the 
enemy plane was Lo be used to operate the contr<?l 
mechanism of the 'hornet.' The first part of this 
problem obviously involved the investigation of 
the various possible physical characteristics which 
might be used. Assisted again by E. H. Lakey the 
work was done at A.R.L. 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 only). Some very interesting 
observations were made in the course of these 
experiments but they were mainly of academic 
interest and held out little 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 1_00 els to 20 kc(s, 
it was noticed that the attenuat10n of sounds m 
the higher frequency range was much greater than 
that anticipated from theoretical data. A plane 
flying low ,overhead emitted high frequency (order 
IOKc.) sound at high intensity but at a distance 
of a quarter of a mile or so this was almost unde
tectable. Subsequent experimen1s over the N.P.L. 
sportsfield confirmed these observations and 
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showed that the greatly increased attenuation, 
not predicted by classical theory, was due to the 
presence of water vapour and was a function ?f 
humidity"°'. (This phenomenon had ~n dis
covered independently by V. Knudsen rn U.S.A. 
in laboratory experiments). It was conclu_ded that 
infra-red measurements of thermal radiation from 
aircraft must be made. For this purpose experi
ments were made to obtain a quick-acting sen
sitive thermopile. Various commercial types were 
examined in the laboratory. but eventually one 
made at A.R.L. proved to 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 too slow in response (due to the mica base). 
An improved method of making. conslantan
manganin or constantan:bronze 1unct1ons resul_ted 
in a successful thermopile. It was found possible 
to unite these pairs of alloys without the use of 
solder, using flux only, the junclion remaining 
mechanically strong and sharply defined even 
when rolled to a thickness of 0·0005 inch. 
Attempts to make even thinner junctions by 

68 

" 1') See "Underwater E.'<.plosion Research .. , 3 Vols. 
Published in 1950 by Office of Naval Research, 
Washington. U.S.A. 

1'"'1 See A.R.L. Report No. 32, I 935. "The allenuation of 
high frequency sounds (up to 15 kc/s) in air ··-with 
an appendix on high frequency sounds from aero
planes. 
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' beating• (as in the manufacture of gold leaf) were 
unsuccessful due to difficulties of annealing. With 
these thcrmojunctions at the focus of a good quality 
mirror eight inches diameter and front face silvered, 
measurements 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 6µ. Wl), in agreement with the temperature of 
the engine. Exploratory measurements showed that 
most of the thermal radiation of wavelength less 
than 101' came from exposed parts of the engine, 
the exhaust manifolds and flame, if any, at the exits 
of the exhausts. The thermal radiation from the 
slip-stream was either too small to measure or was 
of long wave-length corresponding to exhaust gases 
diluted and cooled by a large volume of cold air. 
An estimate of thermal energy detectable by infra
red, up to wavelength IOI' was of the order of I 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 151'), in order to discover what 
background interference was likely to be encoun
tered when ' looking by I.R.' 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 ' extended ' image of a small 
portion of the sky background, and also improved 
angular accuracy. Attempts were also made to 
obtain a ' filter' to cut off all radiation below 4 or 
5µ, i.e. to be selective for the aero-engine radiation. 
A detailed report of this work which was handed 
in manuscript to 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 Lhe outset. The investigation, 
however, yielded 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 

rn,i In this connection µ is 10-' cm., or I micron. 
{G:J 'Thermal Radiation from Aeroplanes.' A.R.l./S/20, 

May 1927. 
!6.lJ The cbonilc must be good quality free from "loading"' 

materials. 
1
'~

1 Admiral Burmester, Capt. im Thurm an::l Cdr. Foote. 
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ships at sea. It happened in this way. In October 
1926 Lakey and I were making some sensitivity 
tests of a Thalofidc cell which had a maximum 
sensitivity around II' (just beyond the dark red 
visible parl 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 ebonitc I mm. thick, 
which was handy, was interposed in front of the 
cell. Much to our surprise there was still 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 lJL. Polished ebonite, 
as would be expected, was found to transmit more 
and scatter less than Lhe matt varielv which is 
used for electrical insulation. A thalofide cell and 
a polished eOOnite screen({]~) in front of the source 
was therefore an ideal combination for infra-red 
signalling. For this purpose we decided lo use as 
I.R. source a tungsten arc (poinlolite) with cbonite 
screen interrupted at an audio-frequency, whilst 
the thalofide receiver current could be amplified 
(with 3-stagc valves) to operate telephones or a 
loud-speaker. Testing this system across Bushy Park 
from Lhe roof of A.R.L. loud signals could be heard 
at 1± miles using a 10 in. dia. receiving mirror, and 
much louder when a 10 in. mirror was used also 
at Lhc transmitting end. J. M. Ford designed the 
motor-drive, signalling key and mountings for the 
revolving slolled shutter, 10 inches diameter, which 
obscured the II' 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 Burmcster's com
mittee were present(G4 >. Very loud signals were 
heard when a destroyer (transmitting to Southsea 
Castle) was at I, 2 and 3 miles range, the visibility 
being described as 'moderate' in mist and heavy 
rain. The Bunnester 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, 
Portland, my main responsibility gradually turned 
to underwater acoustics again. At first this con
tinued on the lines previously followed by the 
Acoustics group, viz. development of the 'ring' 
and ' rod • transmitters and the audio-frequency 
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. etc. insofar as it related to 
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Asdics was incorporated in H.M.S. 0.l'prey half
yearly reports, whilst others of a less secret 
nature appeared 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. At a later stage 
we were joined by N. Shuttleworth. C. A. Luxford 
and by J. A. Hey (who left A.R.L. to join H.M.S. 
Osprey in 1932). We received considerable help on 
the mathematical side from S. Butterworth on many 
occasions. It would take too long and occupy too 
much priming space for me to describe the many 
new items of research which were introduced in 
the period 1928-36. for details, reference must be 
made to A.R.L. and Osprey periodical (Q.R. and 
halfyear) and special reports. [n 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 bv surface reflection and 
temperature gradients, nieasurement of sound 
intensity under water. velocity of sound in sheet 
materials and so on. As always. even to-day. we 
were asked to deal with 'subsidiary' problems 
which were outside our normal programme. Before 
dealing with the latler, I shall mention briefly two 
of such ·problems.' One of these related to the 
recovery of ' lost· torpedoes. As everyone knows 
torpedoes are expensive items which frequently run 
astrny or fail lo ' blow· at the end of practice runs. 
At the end of a run a considerable amount of 
residual air at a pressure of several hundred pounds 
per square inch remains. fn our solution of thi.s 
problem we proposed to use 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 ran~c of several miles. 
A directional hydrophone of the type designed al 
Hawkcraig. Aberdour in 1916 was used for locating 
the origin of the sound proceeding from the 
• h:1ttomed • tornedo. The onlv specimen of this 
hydrophone which could be found at this time, 
1929, was in the Science Museum al South Kensing
LOn. and a copy was made al A.R.L. for the purpose 
of the experiments. The first trials were made at 
the torpedo ran~e at Arrochar where Mr. Devine 
wa . ..; 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 to know him. He always 
gave us so much assistance and encouragement 
whenever \VC visited the range. On this occasion a 
torpedo wa~~ sunk early one morning, in a position 
' unknown ' to us and in the afternoon we were 
asked to find it. With the portable directional hydro
phone over the side of a motor iryit we could hear 
the • tapper' in the torpedo quite clearly when we 

70 

were at the starting point, and had no difficulty in 
finding it in a bay about two miles dmvn 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 
direction towards it, and indicate to the boat above 
him in which direction to proceed to find it. At the 
end of this very successful trial of the tapper, Mr. 
Devine. after offering his congratulations, tactfully 
informed us that he had never yet lost a torpedo on 
the range. in fact he was • one up." having found 
one more 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 ' time' 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 tapper were made at Portsmouth. using an 
outboard directional hydrophone, when it was 
heard and located at ranges of several miles. 

I referred earlier to Dr. Young's work on course 
ploltcrs in which an accurate ship's ' log' (speed 
indicator) was required. Existing ' logs,' e.g. the 
Pitomctcr log and others depending on the use of 
• pilot and static' tubes were suspected of having 
errors of various kinds, revealed in Haslar and 
N.P.L. tank tests. It was therefore decided in 1929 
lo carry out careful tests of • pilot' type speed 
indicators in Loch Long at Arrochar, using a motor 
launch provided with suitable outboard fittings'"'· 
The trials which were carried out in May and June 
1930, were made in good weather conditions using 
the standard Pitometer pilot-static tube, and 
various specially designed p-s tubes of A.R.L. 
design. Runs were made at carefully measured 
speeds. with the tubes at various depths and angles 
of· yaw.· The commercial pilot-static tube showed 
peculiar characteristics as the yaw was varied 
whereas the A.R.L. tubes followed more nearly a 
cosine law which varied onlv slightlv from normal 
• ahead • indication over a • considei-able angle of 
yaw. The results of this investigation<GG) were I 
understand communicated to the manufacturers 
and resulted in the adoption of the A.R.L. design. 

An urgent and very important requirement by 
H.M.S. Osprey in 1927 was a sheet material for 
use in the design of Asdic • domes.· It was more 
important that this material should be mechan
ically strong LO withstand the hydrodynamic forces 
on the dome when earried beneath the A/S vessel 
at high speed, 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-

(,.i, Sec A.R.L. Q.R. No. 33, December 1929, and Q.R. 
No. 35. June 1930. 

1
''''

1 Sec A.R.L. Report on "Speed Indicators for Ships" 
No. 54. December 1931. A. n. Wood and E. H. Lakey. 
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marines: Consequently an acoustic goniometer 
was designed for the measurement of the reflection 
and transmission characteristics of sheet materials 
as the ang,1e of incidence was varied continuously. 
The expcnments _were do_ne lo ~cale al a frequency 
of 275 kc/sec. usmg a patr of ctrcular quartz trans
ducers (a • ~1odern • expression indicating in this 
case transmitter and receiver) of diameter about 
2½ inc~es. Thin sheets of a large variety of materials 
metalhc (steel, aluminium, alloys such as Alpax 
etc.) and non-metallic (ebonitc, bakclitc. Jorival 
• dermatinc • and various plastics and other insu~ 
lating materials) of graded thicknesses were used. 
The results w~r~ extremely interesting and useful. 
They we~e dehn1tely unforeseen and indicated that 
the classrcal theory of Rayleigh on transmission 
through thin sheets immersed in water was 
insuffici~nt_ to explain many of the observations. 
An _on11ssron from Rayleigh's theory was the 
poss1b1!1ty of transverse waves in the sheet material 
as well as the longitudinal (thickness) vibration 
assume~. No special report on these observations 
was \\Tltlen. but the infomiation can be found in 
H.M.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 
re""!oved from its surfaces. On one occasion when 
testing a sheet of Alpax, which had been lowered 
into the tank when I was out of the laboratory, I 
found an unbelievably high reflection and low trans
mission of t~e incidc_nt sound. On inspecting the 
Alpax sheet II was discovered that this abnormal 
effect was due lo a large paper label stuck on the 
sheet addressed to The Superintcndnt, Admiralty 
Research Laboratory. Teddington I The air film was 
responsible. _Thin metal sheets were found to give 
high tra11srmss1on of sound at angles of incidence 
near the grazing angle, whilst non-metallic 'plastics' 
~h~wed very low transmission at such angles of 
inc1d_ence. In developing a theory of sound trans
m1ss1on through thi~ sheet materials it was required 
to know the velocity of transverse waves in the 
sheet~ and a special technique for measuring this 
veloclly was developed <Gn. Various methods were 
~eveloped _for the direct measurement of sound 
mtensrnes m water. In one of these methods the 
Rayleigh disc principle was used. The conventional 
~ica disc. as used to measure sound-intensitv in 
air was shown to be over 2,000 times in error When 

(e;) 'The ~elocity of Sound in Sheet Materials'. Proc~ 
Phys. Soc. 47, (1935) 149 and 185. A B. Wood and 
F. D. Smith. 
Se_e a_lso 'Frequency and Velocity of Sound in Small 

(""I ~1scs. ,:roe. Phys. Soc. -17, (1935) 794. A. B. Wood. 
Cor_rect1on to the theory of the Rayleigh Disc as 

applied to the measurement of Sound lntensilv in 
(aii Water.' A. B. Wood. Proc. Phys. Soc. 47, (1935) ·779_ 
<rn) See H.M.S. Osprey half-rearly reports 1934-3.5. 

As I _shall ha"'.c to use this word frequently, I propose 
to wnte M .St. mstcad of 'magnetostriction •. 
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used in water ! Making allowance for the water load 
on the dis_c and using discs heavy compared with 
water, satisfactory measurements were made in 
agreement with theory< 6s>. Discs of tungsten and 
platin~m ~ere used to n~e~sure the sound outputs 
and dircct10nal charactenst,cs of quartz and nickel 
transn11tters. About this time also. i.e. in 1934-35 
[ made some small scale experiments 

1

in the labor~ 
atory lank (80 fLlong, 15 ft. wide and 10 ft. deep) 
to mvesllgate the _mterference effects (Lloyd's fringe 
type) between direct and surface-reflected sound 
~vaves .. These experiments produced some verv 
mterest111g. results and indicated also the prescncC 
of ~efrac~1on phenomena due to temperature 
gradients 111 the water (,,ri). The result of this small 
scale research finds application in sound trans
mission in deep (oceanic) waters. 

N. Shuttleworth who joined the Acoustics 
grou_p in 1931 came from Osprey with considerable 
Asd,c experience both in research at Portland and 
at sea in the Mediterranean. In 1931-34 he 
dcs,gncd and developed high frequencv alternators 
as alternative to valve oscillators as used for asdic 
pu~poses. resulting in a considerable saving in 
weight and cost. These alternators. operating in the 
frequency range 15 to 25 kc/sec., were constructed 
in_ variou.s sizes, from t_rawlcr s~ts having an output 
of 100 waits lo machines having 7·5 KW output 
for larger A/S vessels and for research purposes. 
A sensitive relay and governor system was designed 
for the accurate frequency control of these 
alternators. Shuttleworth also devised a novel form 
of directional ~ound transmitler in the form of a 
rod loaded at '.e-?ular intervals. equivalent to a line 
sour~ Lransn11ttmg in the direction of the line. IL 
consisted of a rod of tin about 2 ins. diameter and 
2 ft. long, with equispaced grooves turned in it so 
as to for_m a wave-guide in which the velocity of 
propagation was equal _to that of the surrounding 
water. To protect the· Un pagoda: as it was called. 
from the ~ide thrust due to its motion through the 
water when projecting vertically beneath th( ship. 
1L was enclosed m an OJI-filled streamlined sheath 
of ph~sphor bronze. It behaved • according 10 
theory but was never used • in service.· Never
the_less it demonst_rated a very interesting principle 
which may_ sometime have other applications, e.R. 
as a long-time-delay for computers ! 

I must now revert back acain to the vear 1928 
and to moralise a little on h0w careful One should 
be not Lo be too dogmatic in research. It came 
a~ut_ in this _way. Dr. E. P. Harrison who was at 
this time Chief Scientist in Mine Design Depart
n~e_nt, H.M.S. Vernon. Portsmouth, was a frequent 
visitor at A.R.L. to see me about explosion 
pressure research and allied problems. He had for 
some lime taken an academic interest in magneto 
striction (rnJ (M.St.) a phenomenon in which 
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magnetisation of a ferromagnetic material sue~ as 
nickel produces a small change (a few parts m a 
million) of its linear dimensions, or converse~y ~n 
enforced change of length develops a change m 1t_s 
state of magnetisation. As a res~lt of his ~xpen
ments with wires of M.St. materials at au?10 fre
quencies, he suggested that we mi_ght use th)S M.St. 
effect as an alternative to the p1ezo-electnc ((J.e.) 
effect in quartz for use in Asd1C..'\ My 1mmed_iate 
reactions to this proposal were (a) 1f the trans_m,tt~r 
were laminated to make it electrically efficient 11 
would be a poor resonator and as a consequence 
would be mechanically inefficient; (b) on the other 
hand. if the transmitter were ~ot lam1~ated to ma_k~ 
it mechanicallv efficient at high asd1c frequencies 
(around 20 kcis) it would be inefficient electncal_ly. 
Dr. Drysdale and F. D. Smith both agreed with 
this somewhat specious argument, but H~rnson 
was very persistent and returned repeatedly to the 
charge.' At last it was decided to m~ke a few 
fundamental measurements to prove It was no 
good ! ' We made up a pile of _consolidated 
annular ring stampings of an~e_aled nickel, wound 
toroidally with a D.C. magnet1smg w1~dmg ~nd an 
A.C. excitation winding1 to obtam a c1rc!c. d1~gram 
for the nickel resonator. As we expected 11 indicated 
a low efficiency of conversion and exce~sIve_ damp
ing. but not so serious as to suggest 11. might be 
quite useless. Then 1t dawned upon_ us that_ the 
circle-diagram test should b': made with the nickel 
vibrator in lmter ! When this was_ done 1t ~came 
clear that it was much more efficient,_ the int':rnal 
damping of the laminated structure being consider
ably less than the useful water-dampin~. From that 
point, we settled down to a thoro_ugh invest,gauon 
of the maenetostriction problem m all its aspects: 
choice of n1aterial 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 s_tnp stampin¥s
A completely closed magnetic ci_rcu1t was essential 
to all these designs. The insulat1on of the lamina
tions from one another involved mu~h resea~ch. 
but in the end it was found that nickel ox1d_e. 
formed when the stampings were annealed m air, 
served the purpose nearly if not_ quite as w~ll as 
l·nsulating varnishes which consolidated the pile of 

• F D S • h"'' stampings. S. Butterworth and . . _m,t_ 
worked out the theory of the equivalent cir_cuit of 
the magnetostriction 'oscillator' (now descn?OO as 
'transducer'), and I carried out many exl:"'_nments 
in the tank to obtain the best cond1t10ns of 
excitation, water-damping, etc. As in. t~e case of 
piezo-electric quartz the magn~tostnct_,ve trans
mitter functioned also as a receiver. With 9uartz, 
however, high voltages and extremely good insula
tion conditions are essentrnl, wh,;reas wllh nickel 
low voltages and large currents with moderately 

'l_-\,-/U'S of mag11ero.Hrictio11 stampinR rings and strips used 
• in transdflC<'rJ aro1111d 1930. 

good insulation are required. The first M.St. trans
ducers. scroll and ring types. proved _to be very 
efficient both as transmitters and receivers. They 
were • permanently' magnetised by a 'flash_' D.C., 
all that was required in subsequent use bemg the 
A.C. winding. Later designs _used D.C. wmdmgs, 
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 m 
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 fre9uency sound 
pulses which could easily be made direct10nal and 
hull screening less important. Dunng 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 slillllar to 
that in the audio frequency E.1?.S., was used as the 
transmitter to give a regular senes of H.F. impulses. 
The receiver was of the M.St. nickel 'scroll' type, 
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111) A.R.L./S/25. June 1930. See also Proc. P_hys. Soc. 43 
(1931) 166. Later F. D. Smilh wrote _a ~cnc,s o( A.R-½
papcrs on the design of magnctostncl1on oscillators • 
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Strip windoll' type mag11etostriciio11 tumsduca of }930. 

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 al Sheerness, and this 
was done. The M.St. echo depth recorder was next 
tested in a motor boat 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 conical 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 H.M.S. Flinders to record 150 fathoms 
reliably. Preliminary experiments in the laboratory 
tank, transmitting and receiving through steel plates 
of various thicknesses up to i--inch indicated a con
siderable probability of succeeding in this without 
having to cut a hole through the ¾-inch plating of 
Flinders. We used again M.St. annular ring stamp
ings, frequency a bout 16 kc/s. for both transmission 
and reception. These were fitted in air-filled conical 
reflectors and mounted inside water-filled tanks 
clamped on the hull close to the bulge keel of the 
ship. McGeachy. somewhat optimistically I thought. 
designed a new spiral drive recorder which covered 
the depth-range O to 150 fathoms with zero shifts 
to allow the record to be extended in two further 
steps. 150-300 and 300--450 fathoms. Both 
• inboard• and ' outboard ' recordings 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 Isle of Lewis towards the Flannen 
Islands in which range the depth increases from 

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 to be found in the oceans. Soon I 
replaced the spring-driven hammer and H.F. rod 
by a condenser discharge. at a suitably high voltage, 
through the low-impedance winding of a magneto
striction nickel tmnsmitter-a good example of the 
electro-mechanical analogy. This produced a 
powerful damped train of oscillations in the trans
mitter 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 
recorder beyond the remarks I have already made. 
AL its first 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 keel 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 wm- plenty of water, but it was mainly in the 

<1~1 Chemical recorders. The F11/rograph. were in use by 
Wireless Piclurcs (1928) Ltd. The principle had also 
been adopted by N. Shuttleworth at H.M.S. Osprey 
10 record asdic echoes. 

(lJJ Sec A.R.L. Rcpml "Echo depth recorder for Survey 
Motor-boats." A. B. Wood and J. A. McGcachy, No. 
49. December 1930. 

r;ii Sec A.R.L. Report No. 53. A. 8. Wood and J. A. 
McGeachy. July 1931. 
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Annular ri11g mll!(I/Clostricrion rrausducers. 
worked 011 JO kc/s. 
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16 fathoms (near Stornoway) to 1.000 fathoms. 
Excellent records were obtained bv all methods up 
to the maximum of 450 fathoms· which could be 
tackled by the recorder""· So McGcachy was right 
and a certain person who predicted. as we were 
leaving for Stornoway. • Our namc·s mud if we 
don't record 150 fathoms' ,vas not disappointed 
We were awarded the Thomas Gray Prize by the 
Royal Society of Arts for this the best invention 
in Navigation in the year 1932-33. (A. 8. Wood. 
F. D. Smith and J. A. McGcachy). Details of the 
magnetostriction echo depth recorder including the 
principles of design and 1hc description of the 
A.R.L. tcsls, lhc Sheerness. Frascrburgh and 
Stornoway trials was published later('••1

). The 
manufacture of the M.S1. echo depth recorder was 
taken over by Henry Hughes & Son (now Kelvin 
Hughes Ltd.). 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 magnctostriction 
echo depth recorder· as it 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 echo sounder application much work 
\\.'as done on magnctostriction transducers for 
research and asdic applications. Dr. Drysdale. F. 
D. Smith and mvsclf took out a number of secret 
(then) patents rClating to particular designs and 
multiple arrays of such transducers. In addition to 
the cylindrical scroll and annular ring types which 
I 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 havinp: a large steel plate emitting area 
excited into vibration by a large number of nic~el 
tubes. These were conslructcd to have frequencies 
of 5 kc/sand I kc/s. Another type had a ·flat' 
frequency characteristic intended for use in H.F. 
sound research at Osprey. Portland. F. D. Smith 
and J. A. Hcv also worked on a multiple H.F. 
sound transduCcr(7il using a series of water-filled 
pipcs(•<-l each containing a scroll type nickel 
vibrator (about I in. dia.). With this system the 
resultant emitted beam could be swung through any 
desired angle by phasing either (a) mechanically 
moving the line of nickel vibrators in the tubes or 
(b) el;ctrically by phase-scanning circuit. C. A. 
Luxford assist~d in the acoustics research at a later 
stage. Attempts were also made to produce a 
uniform limited beam (flat-lopped directional 
characteristic) with a M.St. tran1ducer having 
• phased • sections, the object being to reduce the 

,\,,,......_ I • ,_,...,..,. 
0"•~· , ... -~-·~•! 

110.:.~ !l"'"'D 
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The recorder //Sl'd in the firs/ Echo Depth RecordillK Trials 
al Shccmcss in /929. 

secondary beams of a • normal • transmitter to a 
minimum. S. Butterworth did the theoretical work 
on this problem<rn). It was anticipated that the 
removal of secondaries would result in an improve
ment of signal to 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 lo 300 kc/s
quarlz asdics, echo sounders. the tin pagoda. lar~e 
and small M.St. transducers (circular. square. stnp 
and multiple types). which served to check 
theoretical deductions. In the llrst tests of a large 
( 12 inch square) magnctostriction transducer of the 
• window' strip-stamping type having a frequency 
of 18 kc/sec., 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 
inputs the sound output began to • flallen out • and 
then to decrease. A defect in the M.St. transducer 
was suspected and it was dismantled and rebuilt. 
Further -tests confirmed what had been previously 
observed. The tests had been done with the trans
ducer 5 or 6 ft. deep, and on raising it near to the 
water surface whilst still transmiuing 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 

i;si Sec A.R.L. Rcpon 'Echo Depth Recorder. High 
Frequency Magnetostriction type. Stornowa}' trials". 
No. 55. December 1931. A. B. Wood and J. A. Mc
Geachy. 

> 'A MagnctostricLion Echo Depth Recorder·. A. B. 
Wood, F. D. Smith and J. A. McGeachy. J.l.E.E .. 76, 
(1935) 550 and British Patent 375.375. 

17:1 See A.R.L./S/26, "A Multi-spot line source wilh 
Magnetostricli\·c Elements." S. Buttcrv.:orth and 
F. D. Smith. _ 

(a> See A.R.L./S/3O, ''Propagation of H.F. Sound m 
water-filled pipes'·. F. D. Smith and J. A. Hey. 1932. 

(1") Sec A.R.L./S/24, "Production of limited sound-beams 
of Uniform lntcnsi1y", S. Butterworth, February 
19]0. 
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The first records made will, a mag11crostrictio11 echo dC'pth recorder. 
/,r the sea off Sheerness in 1929. 

lamp, the bubble stream could be followed to the 
remote end of the tank about 60 ft. away when the 
transmitter was transmitting on full power. The 
cavitation effectscsoi 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 .10 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 to have been punctured and 
indented by the small 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 approximately 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 research 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 tl1e 
large tank revealed the cavitation bubble 
stream on both sides of the container bui 
not within it - indicating that dissolved 
air in the water was the source of the 
bubbles. Observations were subscquenlly 
made with water containing known 
amounts of dissolved air. from none to 
supersaturation. A large flask of ether -~ 
(containing much dissolved air) gave spec- =~
tacular cavitation effects when placed in the 
underwater sound beam. A bottle of soda 
water (with stopper removed and frothing 

reduced to a more or less quiescent slate) frothed 
violently even al the extreme range (about 70 feet) in 
the lank. l had ideas at the time of using a bottle of 
soda water 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 lrftmg eyeballs of the transmitter 
and going to sleep. This eel was presented to us 

"i See H.M.S. Osprcv half-yearly reports March 
1933 to March 1934. 

Tl,c mag11ctostriction transducer tonk as used in the 
Stornoway trials. 

75 259 



by the N.P.L. electricity depar1men1 and had been 
used. with a number of other eels, to indicate 
equipotential lines 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 (thev 
were. I 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 ullrasonics~more particularly in 
cavitation phenomena. When the large M.St. trans
miller was cavitating I remember the eel nosing 
up to the bubble stream but, on reaching it. going 
rapidly • into reverse.' without turning round ! 
Cathode ray oscillogrnph records showed that with 
the onset of cavitation. the waveform of the sound 
emitted from the M .St. transmitter ceased LD b~ 
sinusoidal. the harmonic content of the waveform 
increasing with increased electrical input. This 
effect ne> doubt explained 10 some extent the loss 
of efficiency al Lhe higher sound outputs. Using Lhis 
large transmiller I measured the sound oulput in 
various wavs. One of these was the Rnvleieh disc 
method w· which I have referred. i"n ,lnother 
method I used a bundle of thcrmo-junclions one 
end of which wns enclosed in P/asricene whibt the 
ether end was exJX>sed directlv lO Lhe water. The 
H.F. sound. falling 011 the ·bundle· heated the 
plmticene 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 
variations of water temperature. The thermo
electric effects were easily lneasurable on a pointer 
milli-voltmeter. and gave good results which 
showed that Lhe heating effect in the plasricene was 
proportional to Lhe square of the • input ' current 
in the transmitter. h 1936 F. D. Smith devised a 
very ingenious method of using magnetostricLion 
nickel wires and rods for stress measurement. He 
developed the method later al the Admiralty 
Engineering Laboratory at WcsL Drayton. as an 
engine 'indicator· and stress meter for girders. ere. 
I remember Dr. B. N. Wallis from Vickers-Aviation 
visiting A.R.L. in April 1936 Lo see a demonstra
tion. He was proposing to use the device to measure 
the stresses in the geodetic structure of the Welling
ton bomber aeroplane which he had designed. 

On many occasions during 1935-36 I visited 
Orfordness. and later Bawdsey Manor. Suffolk. to 
keep in touch with the remarkable experiments 
which were being made by Robert A. Watson-Watt 
,and his staff to locnte 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 I had for a long time been inter
ested in the use of H.F. sound pulses to detect echoes 
from submarines. Previous to visiting,the research 
station at Orfordness I would have prophesied that 

the radio-location of aircraft bv echo was unlikelv 
to succeed. But of course the asdic detection of sub
marines also seemed unlikely to succeed when it 
was first proposed in 1915-16 ! On my first visit to 
Orford in 1.935 A. F. Wilkins and E.G. Bowen were 
obtaining ranges of detection of 35 kilometres, and 
I was very much impressed by the possibilities of 
the method when I 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 reception tcchnil-1ucs and took 
part with the sLaff there in many discussions. I 
remember one morning asking Watson-\Vatt 
whether the phase at ground reflection was reversed 
(like that of a sound wave at the sea-air surface) or 
not. He gave his opinion. but lhat afternoon Dr. 
R. L. Smith-Rose arrived from the N.P.L. and ex
pressed the opposite view. This led to an enlighten
ing theoretical discussion in which Sommerfeld"s 
Lheory. the state of polarisation of the transmilled 
beam and· Brewster's angle' were often quoted~ 1

~
1 > 

I advocated that much shorter wavelengths should 
be used. down to centimetre wave but these were 
not possible until later(.~~>. It is not my purpose. 
however. to discuss the early developmems of radar. 
I mention it mainlv to show (a) that A.R.L. took 
a lively interest in ·its possibilities in detecting and 
locating aircraft. ships and particularly submarines. 
and (b) 10 explain how ii came about that in 
December 1936 I transferred mv activities to H.M. 
Signal School. Portsmouth whci-e I remained until 
October 1937. when I became Chief Scientist at 
Minim! School. H.M.S. Vernon on the retiremelll 
of Dr~ E. P. Harrison. 
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Su far I have only referred to the scientific staff 
at A.R.L. and their work. Many of the workshop, 
drawin!.! olfice, clerical and stores staffs came from 
ShandOn lO Teddington and their numbers were 
considerably augmented as some of the more im
p8rtam research items developed. It would be in
vidious to mention a few of these staffs bv n~me 
whilst omitting others. so I shall refer the· reader 
10 the photograph shown. This shows the whole 
of A.R.L. staff in 1934 1'". It was taken when 
Dr. C. V. Drysdale retired from the post of Director 
of Scientific Research. Admiraltv. and was suc
ceeded by C. S. Wright. then Superintendent of 
A.R.L. F B. Young became Superintendent. 
A.R.L. in July 1934. continuing in that appoint
ment until his reLirement in October 1937. I have 

("'J I wrote a report on this in 1937 when I was al H.M. 
Signal School, Portsmouth. 

1'~l I pursued this suggestion at Signal School in 1937 and 
sketched out a multiple split-anode magnetron-which 
was never made ! 

'"'1 The names of all the individuals shown on this photo
graph arc available. 
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said nothing about the social 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. 
A.R.L. was regarded as equivalent lo one of the 
N.P.L. dcpmLments. Space does not permit more 
than this bare reference to this important aspect 
of staff activities. The Director of the N.P.L. during 
the period of which I am writing was Sir Joseph 
Petavcl who. when Professor of Engineering at 
Manchester University, was closely connected with 
the work of !he B.l.R. during the first world war. 
He was always keenly interested in the progress of 
research at A.R.L. and invariably placed the facil
ities of his great 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 concluding this part of my narrative. I am 
very conscious that my remarks probably include 

items which may appear unimportant and have 
omilled others which may justifiably be regarded 
as more important. l realise that I have a strong 
tendency, not uncommon in those who 'write,' to 
say more about things in which I was personally 
concerned to !he neglect of work done by others. 
As an excuse I lake refuge in the fact !hat I write 
best about what I know best. After all, this is just 
• reminiscences.' not a history. For the seven years 
after the end of 1936 I was no! officially on A.R.L. 
staff, although I was a very frequent visitor, my 
work being more closely connected with Signal 
School and Mining School. Portsmouth, 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 Research staff of the S.R.E. Department, 
later 10 become the R.N. Scientific Service. 

THE JVAR PERIOD, 1937-1945 

In 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 to 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. ft will be very clear lo any
one who has read Winston Churchill's The Second 
World War. in particular Volume I, The Gmhering 
Swrm. that these years prior to September 1939 
found the whole of Europe. ourselves not excluded. 
in a state of acute tension. Hitler's intensive 
rearmament and re-occupation of the Rhineland in 
March 1936 followed by the occupation of Austria 
and Czechoslovakia in 1938, and his entry into 
Poland in September 1939 made war inevitable. 

' 
My frequent visits to Orfordncss and Bawd~ey 

during 1935 - 36 where the work on radio locatwn 
of aeroplanes and ships (now knpwn as 'radar') 
was making such remarkable progress, impressed 
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me with the possibility of its vital 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 ex
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. S. Darling, 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. S. 
Alder. C. E. Horton, A. W. Ross. J. D. S. Rawlin
son. Ambrose Wilkinson, H. G. Hughes, H. Noble, 
H. Smith, E. G. Hill, C. R. Evcrshcd. N. Pember
ton. R. A. Yeo. W, P. Anderson, E. M. Gollin, 
E. J. Grainger, and others whose names I do not 
recall as I write. Yeo was at Orfordncss and 
Bawdscy 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 Eastnev Barracks. My 
office desk, siled 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 I was busy working on !he theoretical aspect 
of the transm1ss1on of electromagnetic waves over 
a conduclin~ earth _and the sea. This was mainly 
concerned with the rnterfcrcnce between the direct 
ray and the surface-rcnccted ray- a problem 
analogous to that of sound propagation in the sen. 
In the radio case. however, polarisation effects had 
lo be taken into account and Sommerfeld's ther,ry 
of E.M. wave propagation, Brc\VSter's angle. etc. 
had to be. invoked. I remember discussing this 
problem wnh Watson-Watt at Orford and aeain 
when he visited Signal School in Julv 1937 ;_.ilh 
Professor E. V. Appleton. For the dctcclion of 
relatively small objects near the surface of the sea. 
e.g. a submarine periscope. it sccrr.ed to me on 
theoretical grounds preferable to use very short 
waves. of the order of cm!-· .. ra~h..!r than the longer 
waves. several metres, used for the detection of 
high flying aircraft. At this lime E. M. Gollin was 
experimeming with a split-anode magnetron for 
generating cm. waves to be used at short ranges 
for signalling and station-keeping between ships 
at sea. The theory of the magnetron at that time 
was rather obscure but J. J. Thomson's electron 
theory and E. C. Mcgaw's work indicated that 
the higher the frequency the smaller must be the 
diameter of the cylindriCal split-anode surrounding 
the hot cathode. Even al a high efficiencv this 
implied that a single magnetron oscillator for cm. 
waves could not handle much power without over
hea!ing. At this time also I was experimenting with 
an infra-red method of detecting ships' funnels al 
sea. fn the LR. case billions of E.M. oscillators are 
involved and it seemed an obvious step to make a 
cm.-wave oscillator, e.,:. a magnetron. into a 
multiple system also. I sketched out two such 
systems. In one of these, two concentric cvlinders 
with corrugated walls formed an annular· ring of 
small interconnected ·split-anode' cvlinders each 
having its own heated cathode. I~ another, I 
p_lanned a cyl~ndri_cal annular block having six nr 
eight small cyhndncal holes, each with a slit leading 
mto the central cylindrical cavity containing a 
common central cathode. The whole of the 
·multiple magnetron' \\'as to be enclosed of course 
in an evacuated glass container with the usual valve 
technique. When I showed these sketches to Shear
ing he seem_ed very dubious and said Hughcs's 
\'a)ve transmitter laboratory. which at the time was 
making large silica valves for the fleet. was too 
busy. Al Orford I had pointed out lo Walson-Walt 
that the H.F. pulses sent out by the radio-locator 
transmitter 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 every 
fiftieth of a second, i.e. about ,;. th of the total time 

It seemed lo me that high voltage sparks could 
excite a Hcrtzian resonator with much the same 
result but with much smalier '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 overcome by 
arranging that the lransmilting spark should trieecr 
the C.R.O. lime-base and so synchronise the trans
milled pulse and the received echo pulse. With 
0. L. Ratsey, who joined me in July 193 7. I made 
a few experiments with this 'spark' scheme. We 
succeeded in producing good lransmilled pulses of 
the desired frequencies. using Hertzian type 
resonators excited by sparks and. later. Ratscy 
succeeded in obtaining good echoes from the pylons 
on Portsdown Hill - the transmilter. etc. being 
installed al Eastncy Barracks. I could mention here 
other important work going on in Signal School in 
1937. e.g .. Radio IJF. bv C. E. Horton and A. W. 
Ross. Infra-red signalli1ig by H. Smith and E. G. 
Hill, Transmitting Silica Valve re.\'earch by H. G. 
Hughes. Radio receivers bv W. F. Rawlinson and 
L. S. Alder. etc. Any detailed discussion of this 
work is however best left to those who were doing 
it. if !hey are still ·available'. 

Significant events which occurred during the few 
months in 1937 whilst I was al Siena) School were 
(I) in March. the Anti-Gas co~urse al Tipnor, 
altended by Admiralty Staffs in !he Portsmouth 
Command. to prepare us for possible surprise Gas 
Attacks, (2) 12th May, the Coronation of King 
George VI. (3) 20th May. Naval Review in Spit
head. (4) 28th May, resignation of Prime Minister 
Baldwin who was succeeded by Neville Chamber
lain. Apart from the Coronation. of course. these 
events could be re.£.!arded as a 'sign of the times·. 

In October 1937. after about 10 months al H.M. 
Signal School. I was appointed to be Chief 
Scientist at H.M. Mining School (later Mine 
Design Department). H.M.S. Vernon on the 
retirement of E. P. Harrison. As already mentioned 
in earlier articles of this series I had from 1917 
omvards been much interested in underwater 
explosions and in the possibilities of Non-contact 
Acoustic and Magnetic mines. Loop delection of 
submarines. etc., which were the primary concern 
of Mining School. Portsmouth. On many occasions 
I had worked at Mining School in co-operation with 
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. Pearson. 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. 
Rigbv who was with the B.I.R. staff in theAberdour 
davs· in 1916 was now in charge of the Mining 
w0rkshop. It is hard_ly nece~sary to ,say that t,?~ 
main concern of Mme De~1gn Dep,lrtment ~~· 
mining but there were other closely related act1v!-
1ies which formed a very important part of t~1e1r 
functions, sweeps for dealing wit~ all types of mine~ 
in existence or foreseen at that Lime. _dept~-c~arges 
for the destruction of enemy submarines. md1caLOr 
and mine loops for the _protection _of harbours 
against enemy submarm~s. Af'!l1-non-conta~t 
(A.N.C.) protection of ships against magnetic 
pi~tols of non-contact torp~docs and mines. 
research on underwater explosions and damage to 
ships. ere. The stalf available, about two dozen 
scientific and technical grades, was lam~ntably 
small to deal effectively with such an extens1_ve and 
important programme. The proof of this was 
demonstrated after the outbreak of war when the 
staff was increased to five or six hun?red. When we 
came •face to face·. so lo speak. with ene~1y sub
marines. non-contact mines and torp~doe~ m larg_e 
numbers. the importance of the s1tuat10n a~ it 
affected the safety of the country became obvious 
to all. Even witti our small staff, however, much 
valuable information and hardware was accumu
lated and when war did begin we were by no means 
unprepared. 

At this stage it seems appropriate lo give a brief 
ske,ch of the slate of things from late 1937 up to 
the outbreak of war in September 1939. First con
sider mine desiun. Mines can be divided broadly 
into two class~s. contact and non-contact. an 
alternative classification could be buoya~t an~ no~
buovant (ground mines). It is not poss1bl~ 1~ this 
brief sum;rnry to mcmion the many vari~t1es ?f 
mines which have been used in war and designed m 
peace("~>. I shall refer at present only to a few of 
the more important types 111 course of deve!opm~nt 
in J 937. The old contact type buoyant mme with 
its lead horn and glass tube containing _bichrom_a1e 
and sulphuric acid, ~xtensivcly used m the firs~ 
world war. was becommg obsolescent and the horns 
were being replaced ~y spik~ switch !1orns. The 
latter. when pushed aside on_ impact w1t_h the h_ull 
of a moving ship. closed an 11~1ernal switch which 
fired the mine. Prolonged studies were_ ma~e. both 
on a full scale and on models of the osc11lauons and 
the 'dip' of buoyant min~s in a tid~way, and on 
various types of depth-settmg mecha~1sms to ens~re 
that the mines were not exposed to view at low u_de 
and were efficient for their prin1~ry purpose. ~.e. 
did not dip too much when the t1d; was ~unnmg 
strong. The contact type mines were used m large 

numbers where wide channels had to be closed to 
enemy ships, particularly submarines, in . deep 
water where ground mmcs ~1ould be tnetfcct1ve. It 
should be noted that all mmes of whatever type 
were subjected to stringen_t actuation _and ~ounter
mining trials before adoption for se~v1ce ~se. Even 
a simple type of mine such as the spike swu~h-horn 
type gave a certain an_10unt of trouble .1,n both 
actuation and C.M. trials before a satisfactory 
design was obtained. In 1937 two ty11es of non
contact magnetic mine were bemg mvesllga~ed. One 
of these. k;;-own as the A.-E. unit, was designed by 
E. P. Harrison. assisted by G. L. Turney and 
H_ Rowe. This operated on change of res1stane~ of 
annealed mwnetal wires due to change of amb1e~t 
magnetic field. II _was known as ,i 'total field' unn 
and was very sens111ve to small ~ha_nges ~f magn~llc 
field whatever the direction. This mgemous device, 
however. never got into service in a m_inc but w~s 
sometimes used as a magnetometer m magnetic 
surveys around steel ships. The other type of 
magnetic mine unit was d_esi~ned by ~- C._ B. 
Johnson and was known m ns early ~tages of 
development as the C.R. unit. later ID be incorpor
ated in the C. type J. and M. type E. magne11c 
mines. C.-R. signifies coil-rod - a mumetal rod 
about two inches in diameter and three or_four feet 
long (dimensions varie? according to requirement~) 
and wound with a coll several thousand turns m 
which is developed a considerable e.m.f. for com
paratively small changes of ambiem magnetic fidd. 
This e.m.f. is capable of operating a sensitive 
moving coil relay and firing the mine. The C.-R. 
unit was tried out m both buoyant ~nd ground 
mines. Buovant mines. however. osc1llate trans
verse to the· direction of tidal flow and the pertu~
bations due to this motion in the ~rth's magnetic 
field sometimes cause the C.-R. umt to operate _the 
relay. As a ground mine which, after laym_g: 
remains at rest on the sea-bed. the C.-R. umt was 
very successful_- h could be laid in_ any_ steady 
earths magnet1c field whilst retammg Its full 
scnsitivilv lo a change of field such as that pr?· 
duced b·v a .submarine or a steel surface ship 
passing Over the mine. Ground mines of all t_ypes. 
including the C.-R. unit. were of course designed 
to be laid either from ships or from aircraft. In the 
latler case dropping trials were ncce~s~ry. as_w~II as 
the usual actuation and countcrmmmg tnals. to 
ensure that the components were not damaged ~n 
impact with the sea. In addi_tion to the C.-R._ umt. 
Johnson also devised an mgcmous and sunple 
device in which a small mumetal _rod was _pneu
matically fired into. or out of. a coil generating an 
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1"1 Fer a comprehensive description_ of mi_nes. etc., scd 
Capt. J_ s. Cowie"s boo~ on_· Mines. Mmclayers an 
Minelaying: Oxford University Press. 1949. 
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e.m.f. proportional to the ambient magnetic field. 
This • pistol magnetometer· as it was called was 
used 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 problem of demagnetising ships lo protect 
them against enemy magnetic mines. 

As mentioned earlier. I had designed an acoustic 
non-contact mine unit (the Shunt-relay unit. with 
chattering contact and anti-countcrmining device). 
This N.C. unit was available at the time of which 
I am writing. but was not being considered then as 
a likclv • runner.' Reference will be made to this 
later. ·however. when enemy acoustic mines 
appeared ! 

Another mine being developed by M .0.0. at 
this time was the antenna mine which was firsl 
devised in U.S.A. during the first world war. This 
mine although electrically operated should be re
garded as a contact mine having a much increased 
radius of action as compared with the • horn • con
tact mine. In principle it depends on a sea-water 
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 is sub
merged about 10 ft. below the sea surface. The wire 
pass'cs through an insulated gland into the mine 
where it is connected to a relay controlling the 
firing contacts of the mine. A steel ship, making 
a good contact with the float or the antenna wire 
causes a current to flow through the relay to the 
copper plate and fires the mine. In some cases an 
additional antenna about 80 ft. long was filled be
low the mine also. forming pan 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 
Staybrile _iumping wire as a net indicator for sub
nurines. Contact of the Staybrite steel wire with 
the mild steel mesh of the net giving a change ol 
electrical potential which was indicated in various 
ways-poimer. 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 ·accessories· for 
m:nes--soluble plugs of various kinds. electrolytic 
(c 1pper) time delays to replace expensive and com
plicated clockwork mechanisms. Thev also de
veloped an improved electrode method Or detecting 
submarines as an alternative lo the" loop· method. 
under the new description of U.E.P. (Underwater 
electric polential). H. M. Kelly and I designed a 
very small and simple magnetic unit (M. unit) 
which could be used in buovant mines as an 
ahernative to contact horns. It ~·ould operate at a 
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The microp/io11c from a Gcrnum c,co11Jlic mine. 

distance of 3 or 4 ft. from the steel 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 magnetic fields 
around ships in dry dock. 

Either just before or just after the outbreak of 
war I provided D.T.M. (Director of Torpedoes and 
Mines. Admiralty) wi1h 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, etc. 
-which could be utilised in designing a mine. It is 
of interest to note that one of the mines on Lhc list 
was the pressure mine which was later used by the 
enemy and known as the oyster mine. We had in 
November. 1940 (al W. Leigh) prepared designs for 
such a mine 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. Taylor and 
used extensivelv in the first world war. This depth 
charge in its c)'lindrical case. known as the • ash• 
can.' carried a 300 lb. charge of amatol (T.N.T. 
and ammonium nitrate) and could be set to 
detonate at any of six depths between 50 and 500 
ft. lis rate of descent was about 10 ft. per second. 
It was dropped or thrown in patterns of five or ten 
in one or two more-or-less superposed layers. ac
cording to 1he depth of water. The elliciency of this 
method of destroying a submarine or compelling it 
to surface was known lo be rather low. Con
sequen1ly much thought and discussion was con
centrated in an effort to improve il. Assumptions. 
based on explosion damage trials of the radii of 
lethal and serious d<rn1age to a submarine of 
average dimensions. speed of submarine. rate of 
entry and of sinking of depth charge, ere. were 
made in attempts to calculate probabilities of 
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destruction under various circumstances. Com;i~er
ation was given to the best use of the cxplo~1ve. 
whether to use it in one large non-contact charg~ 
or in numerous small contact charges. As_ dep_t 
charges of whatever kind were to be used primarily 
by A.JS. vessels whose duty was to detect and locate 
the enemy submarine, it seem~ only common sense 
that the planning of the techniques of depth charg~ 
attacks should ~be made by the co-opcrat,on o 
both explosives and A./S. experts. Consequently 
periodical monthly meetings were arranged to be 
held alternatively at M.D.D .. Portsmouth. and 
H M S Osprey Portland, to discuss these matters. 
F. B. Shaw myself. F. Pickford. H. M. Kelly from 
M D.D a~d B. s. Smith, w. E. Dawson from 
O.;p;ey._' as well as naval A.JS. officers. were usuall; 

I These meetings served a very useful pu -
p~~:ena~d provided a -basis which was used later 
fduring the war) for the design of depth charges and 
methods of attack. e.g. a large number of small
or a small number of larger fast-smkmg depth 
charges. Osprey made a multiple small-charge 

• t I thrower and M DD. experimented expenmen a • • . ·1 
with patterns of larger charges. but it was not ui"ll 
the war that the , hardware, aspect of the prob em 
was pursued energetically. The poss,bilny of h~ 
magnetic non-contact depth charge pistol odn t d 
line's of the mine C.-R. unit had been cons1 ere • 
but so far as I know very little was done abo~t 
it. In the early days of the war Professor P._M. -
Blackett and Dr. Williams made some experiments 
with an electro-magnetic rotating non-conla~l 
depth charge pistol, but I do not remember it 
reaching service use. 

In the first world war buoyant contact mines_ of 
the horn and . antc1~na types and n~~-c~~f1~! 
ground magnetic mines had been la1 . 
acoustic non':.contact mines were read~ to lay w_hen 

d P weeps with moonng-the war endc . ~ravanc s , , of 
ro cutters were m general use for all t_ypes 
bu~ant moored mines. and cable sweeps of the 
A and L. tvpes were used at the end of _the war to 
cl~ar our Own magncti~ minefields. T~1s was the 
mincsweeping position JUSI. before the second wa'y 
The A. sweep. for magnetic mmcs, w_as a loop o 
cable towed astern of two ship~. carrying sufficient 
current to sweep M. mines as it_ passed_over th~m. 
The • return, current was earned by earths at 
each ship. The. Single L.' (longitudinal) sweep was 
a straight cable with. earth return towed by o~e 
ship. The main objection to the A. sweep was tu~ 
difficultv of sweeping a buo~cd channel wnho f 
sweeping the buoys and fouling the moorings ~ 
ships. Experiments were made at M.D.D. with t ~ 

rather small. Other alternative magnetic mine 
sweeps which were tried were towed permanent ba~ 
magnets (a) arranged al intervals along a loop o 
cable like an A. sweep and (b) larger and more 

owcrful magnets on towed lines like the L. sw~cp 
~stern of a single ship. There was of cou_rse a risk 
of losing the magnets when towed m this manner 
over a rough bottom. In Januar)'. 1939, at a meet-
- at the Admiraltv cons1derat1on was given to 
mg • b ·1 • 1 • the design of a large clcc~romagnct u1 t mto as up 
to sweep M. type E. mmcs at a range _of 3~ ft. 
ahead of the ship. The weight of this magnet 
estimated by mvself at M.D.D and S. Butterworth 
at A R.L. scen1cd prohibitive at 200 to 300 tons, 
but i~ the sequel after the war started II was
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bu,_ll 
and was successful in s"'.ccpmg enemy maonet1c 
mines in the manner envisaged. . 

Soon after mv joining M.D.D. staff m v.ernon 
in October I 937 I attended an A.N.C. meeting at 
which Captain John, Carslakc w~s Chairman, 
A.N.C. indicating 'Ant1-Non-Contact and relating 
to the protection of ships from non_-contact tor• 
pcdoes with magnetic pistols and possibly also non
contact magnetic mines. The method of protectmn 
to be used was to magnetise the ship ~ery strongly 
by a current-carrying cable m a horizontal plane 
surrounding the steel hull. To deal with magnetic 
fields of both ·red' and 'blue' polarity alternating 
currcm of I els was employed. The cable 
current used was 1500 amps._ and 45000 ampere 
turns When I witnessed the 1r1als of this system on 
H.M.-S. Cura,;-oa at Weymouth in ~pnl and 
Mav 1938 it was quite successful m touchmg off the 
ma£netic pistol of an approaching torpedo at _a 
fairly safe range. The effect of the large magnet,~ 
lie kl developed in the ship was wonderful t'? bcho~i 
Pendulous ferrous obiccts such as hangm~ st_ 
chains and the like were set into forced osc,lla~on 
at I c/s .. making ~ weird spectacle!_ At the \~~;! 
A.N.C. meeting which J had att~nded m 1937 I • _
shocked at the idea of nwgnetr.~·rn¥ a ship to _rro_tcct 
it against magnetic pistols. I s~1d it was playm~ m~~ 
the hands of the enemy, as it :Vas_ much ea~1e:erv 
make a very insensitive magnetic pistol t_hanha hi1'1 
. .·,·' ne Why not trv to de-maR11etrse t e ~ . 

.~em1 1ie o • • d G L Tumey d1s
instead? Captain Carslakc an - - _ _ be 
agreed and the Curar;oa was magnet1s~ts to/ I 
followed later bv similar treatment of H. • : r~~, 
Duke In the cVent. after the war started._ it \\~~ 

our j~b to take out of these ~hips t~e magdncft,sm ~,v 
- I then, by A NC ' It w,11 be mfcrre rom , in o • • • • · • ·h· t pro
remarks that I tho_ught magnellsm~h~; a'rd f,hink 
tect it was a bad thmg; I thought so 
so now. 

• • 1 provide pro· 
L ·weep carrying direct currents of the order o 

• s . M y E mines 10 amps. in experiments t? sweep - t pc - i h 
(C. type J. magnetic _umts). but ,the ranges_ w I 
currents of this magnitude were. not surpnsmgly. 

One of the M.D.D s duues was o - I the 
b d approaches again~ tection of our har ours an. I d.ing harbour 

cntrv of enemy submarines. exe u f H M.S. 
dcfe.nce asd ics which was the concern o • 
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Osprey, Portland. The method ultimately used 
and which proved very successful was the use of 
·indicator loops' on the seaward side and 'mine 
loops' on the harbour side. The indicator loops 
provided a warning of the approach of the enemy 
submarine and the •mine loop' containing its shore
controlled mines could destroy it. The design of 
techniques lo be used in operating these loops of 
cable on the sea-bed was not without its difficulties. 
N. E. Noble, H. Rowe and Commanders James and 
Alston of M.D.D .. J. Colquhoun of 0.l'prey and 
s. Butterworth and N. F. Astbury of A.R.L. made 
a ,tudy of the problem and provided solutions to 
neutrnlising "industrial' and 'natural' magnetic per
turbations. lo such an extent that the loops could 
detect midget submarine loop signalurcs above the 
general 'noise· level. [ have referred earlier 
10 Southern Latitude Loop Trials, prepara
tions for similar lrinls were being arranged in 
October 1937 for Northern Latitudes (Iceland). The 
main purpose of the existence of M.D.D. was of 
course to design \Veapons to sink. or otherwise 
damage, enemy ships in wartime. A study of the 
effects of explosions under water w,:is therefore of 
prime importance. rn l?revious parts of this series I 
have referred to exploswn pressure measurement hy 
the piezo-electric cathode ray oscillograph method 
and its relation to damage to ships' structures. This 
\\'Ork. commenced just after the first war ended. was 
no\\' being continued by J. H. Powell at M.D.D. In 
co-operation with D.N.C. (Director of Naval Con
_,truclion) experiments were being made on damage 
by underwater charges of various sizes and at 
various ranges. to ships' plates and full-size struc
tures representing sections of a ship's hull. The 
Chatham Float and• Job 81 '(Submarine section). 
were examples of this type of full scale damage 
mea!-.urement. Later in the war. in Januarv 1943. 
thi.., research on underwater explosions had· grown 
10 such an extent that it was agreed by 1hc 
Admiralty to form a separate establishment(~~> for 
dealing with large scale engineering work of this 
na1ure. 

fn my opening remarks of this paper reference 
wa ... made to the state of tension during the period 
of h,o years or so prior to the actual declaration of 
wnr in September 1939. Evidence of this could 
easily be seen locally, in the Portsmouth area. in 

••· No\\ !he Naval Conslruction Research Eslablishmcnt 
at Dunfermline and Rosyth. 

""'· re C'ol!ccted Papers of lord Rutherford of Nelson, 

l -'-1.. F.R.S .. Vol. I (Publisher George Unwin, 
ondon, 1962). 

•• F o" B. Youn!?, Superintendent A.R.L.. retired on 30 
la~tobc~. 1937 and was succeeded by S. Chaffer. The 
sta~r _ died on 27 June, 1939. F. B. Young joined my 
decJa:~. M.D.D. in September, 1939 after war was 
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various ways, For example, in January 1937 mem
bers of the staffs of Naval establishments including 
Signal School and M.D.D. Vernon, were allcnding 
Anti-Gas Courses at Tipnor in anticipation of a 
possible gas attack. Again in September 1938 sea
men were digging trenches in the grounds of the 
Gunwharf. H.M.S. Vernon, and gas masks were 
issued to the Civilian staffs of M.D.D., followed in 
Fcbruarv 1939 bv tests in a tear-gas chamber. Soon 
after the corona"tion of King deon.!e VI on 12th 
Mav 1937. Prime Minister B~ldwin ~etired and was 
succeeded by Neville Chamberlain. and a spec
tacular Naval Review was held in Spithcad. The 
visits of Neville Chamberlain to sec Hitler in 
Germany and the 'piece of paper' episode are nov,' 
history and require no comments of mine. A 
matter of more personal interest to me in this 
period was the death of Lord Rutherford on the 
19th October. 1937. I had known him well since 
1909 and in various ways had been in close contact 
with l1im up to tile time of his death. It was through 
his suggestion that I joined the Admiralty service 
(the B.l.R.) in 1915. During the first world war 
he was closely concerned. as a very active member 
of the B.l.R .. with the research for the Navv and 
retained a livelv interest in it for the rest of hrs life. 
As is well kno\vn his work on atomic phvsics and 
his theory of the nuclear atom form the ba~is of our 
present-day knowledge of nuclear physics. He was 
always an advocate of the possibilities of atomic 
power for peaceful industrial and research purposes. 
He would. without doubt. have been strongly 
opposed to its use for atomic bombs, except perhaps 
as a deterrent. The first of four volumes of his 
collected papers has just been published under the 
editorship of Sir James Chadwick("'1). 

The inevitable crisis came on the 3rd of Septem
ber 1939 when war was declared on Hitler's 
Germany after the invasion of Poland. On the 17th 
a meeting was called verv carlv a.m. at the 
Admirnltj-;- to discuss immed-iale stCps to be taken 
as a result of the mining of The Ciry of Paris. Non
contact mines. magnetic mine sweeps. huoyant 
mine sweep de!cclors were among other items 
urgently discussed. Darwin's. Turton's and Swift 
Levick's of Shcflicld were urged to supply large 
quamities of permanent magnet steel for M. sweeps. 
F. B. Young (who on 20th September returned 
from retirement '~'l). S. Butterworth and mvself 
were planning the de..<.;ign of current carrying c3bles 
for sweeping magnetic mines. the existence of 
which was still uncertain and the type unknown. 
The day following this discussion the First Lord 
of the Admiralty, Mr. Winston Churchill. came to 
Vernon, and a week later Professor Lindemann was 
here also. High speed (20 knots) M. sweeps were 
designed and constructed using large cobalt steel 
bar magnets mounted like an A. type cable .sweep. 
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Young, Butterworth and I 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 to M.D.D. 
to plan, with Young. Lakey and myself, the possi
bilities of demagnetising a destroyer, in contrast 
with the Curw;oa A .N.C. method of magnetising 
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 by 'phone to go to Southend where a 
German parachute aircraft mine was exposed on 
the beach al low tide. Rear Admiral Minclaving 
arranged for a car to take me to Southend ·and 
thence to Shocburyness where I met Commander 
Matan. Lt. Commander Ouvrv, LL. Commander 
Lewis. Warrant Officer Baldwin and (AB.) Vcarn
combc. I was equipped with waders and a bull
terrier followed me out to the mine around which 
Ouvry. Baldwin and Vearncombe were standing. 
I met Lewis on my \vay out and he held a small 
aluminium object in his hand which he thought was 
the magnetic mechanism of the mine and proposed 
opening it to see. I advised him to wrap it in cotton 
wool and send it bv car to Woolwich Arsenal lo 
be X-rayed~it turned out to be a bomb fuse! On 
arrival at 1he mine the bu11-terrier began 'ratting• 
under the horned (anti-roll) nose of the mine which 
had a diaphragm about four inches diameter filled 
in it. This diaphragm made me suspect the possi
bility of an acoustic firing unit. although the 
aluminium bodv of the mine suggested a magnetic 
pistol. I sent the bull-terrier hon,;! The proc~ss of 
rccoverv of this mine, and another one like it about 
200 yafds away. and the subsequent examination 
of its contents in M.D.D .. Vernon, is described in 
a rcJX>rt which I dictated on my return to Pons
mou1h(~s 1. In the conclusion of this report it \Vas 

stated: 'It is clear now that the German Mine is 
of the pivoted magnet type operating on changes 
of vertical magnetic field ... in the direction of 
N.-polc downwards- a feature common to all 
steel ships in N.-latitudes. Assuming all the 
German mines possess this characteristic (although 
ii certainly does not apply to British M. mines), 
then a simple method of making ships immune at 
once presents iLself, i.e. to magnetise the ships so as 
to have no north pole downwards. or if any polarity 
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 lo make steel ships safe 
lo pass over them. Copies of the M. uyit were made 
and used on ranges to test ships which had de- or 

re-magnetising coils fitted. Subsequently magnet
ometers, loops, etc. were used, instead of mine 
replicas, lo measure the residual fields beneath 
ships fitted with demagnetising coils. In course of 
time enemy magnetic mines \Vere made bipolar. 
operating on either N.- or S.-poles, and more 
sensitive. This made demagnetising more difficult 
and mine-sweeping easier. The first N.-pole mine 
required about 50 milli-gauss to fire ii; about a vear 
later the M. mines were N.- or S.-pole operating on 
±20 milli-gauss. Later mines were fitted 'with 
automatic latitude adjustment to compensate for 
ambient magnetic field. and sensitivities were in
cn,ased 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 
became Naval head of M.D.D. I was made Super
intendent Scientist in June 1940. Immediately after 
the recovery of the German magnetic mine on 23rd 
September. 1939. we had a ~onstant stream of 
visitors. some 'just curious.' others anxious to be 
helpful. On 19th December, H.M. King George VI 
came to M.D.D. and Ouvry and I showed him the 
German mine and dcmonstrale<l 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
ated in N. Africa) came to see the enemy magnetic 
mines at M.D.D. on 22nd December. On 13th 
January. I 940, The Righi Hon. Winston Churchill 
with Mrs. Churchill and their daughter Mary came 
to sec the German magnetic mine. Mr. Churchill 
took a very keen interest in the operation of the 
mine, firing a detonator by waving the N.-pole of 
a magnet near ii and explaining to Mrs. Churchill 
how it worked. He was obviously very delighted 
and could sec the important implications, in respect 
10 protection of our ships. Lord Chatfield and 
Admiral Wake-Walker. Admiral James, Sir Charles 
Darwin. Professor Blackett. were other visitors al 
this time. Some time later, in April 1940, Admiral 
Fcnard who later succeeded Admiral Darlan (in 
high office in France) after his assassination, also 
came to see our collection of German mines and 
spent some time in M .D.D. to assimilate the details 
and counter-measures. Just before his return to 
France 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 made these visiLs of Admirals Darlan and 
Fcnard one of our outstanding occasions! Com· 
mander Gelix visited me frequently about this 
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time. He was a French liaison officer who took a 
very ~eei:i interest in all the happenings at M.D.D. 
al tins lime. On 6th December. I 939, I gave a 
demonstrallon of the German M. mine at A.R.L. 
and discuss~! also. vari_ous methods we proposed 
~o protect sl11ps ~gamst 1t and methods of sweeping 
1t. Present at this demonstration were Sir W. H. 
.~ragg. Professor W. L. Bragg, Professor G. P. 
I homson, Dr. A. 0. Rankine. Sir Henrv Tizzard, 
Sir Charles G. Darwin and members ~f A.R.L. 
slaff. Experiments we were making wi1h 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. Th1stlcton-Smi1h as Commander M. 
We were in very close collaboration throue:hout the 
war nrninly in regard to the recovery, cx.i"mination 
and countermeasures relating to cnemv mines He 
became responsible fo_r a £roup of Very g;ilant 
Naval officers whose pnmarv dutv was the recoverv 
of enemy mines. They were ·subsCquently known a~-; 
'The Suicide Squad·. One of mv staff. L. Walden. 
worked with them and was prcSent at the 'making 
safe' anJ recovery of many o·f these mines. Walden~ 
and Lt.-Con~mander A_rmitagc. received the Georµe 
Cross for this work, Lieutenant Glenny the D.S.C.. 
anJ _others were also 'decorated'. H. M. Kellv who 
received the M.B.E. decoration, and N. Thon1pson 
on my staff. bccam~ responsible for the inspection 
of _enemy mmcs which had been brought in by the 
Su1c1de Squad and for issuing detailed instructions 

85 

The first German 111ag11ctic 
mine recovered (I( 

Slwchurynen. 

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 
(type 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 IOth mine hitherto examined. Kelly and 
I had been present al the opening of the earlier ones 
but fortunately. for us, we were away on duty else
where on this occasion. Recovery of fragmCnts of 
the e.,ploded mine showed that the main charge had 
n:H deLOnatcd. The fragments revealed certain 

Vin,· of rhc mag11l'lic (iri11,-: unit 011J A.C.M. pendulum 
of the firs, German ma,:11,•ric mill(' al Sluu·h11ry11c.\·s. 
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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 switch 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. 
Grcatbatch, W. J. Wiltshire 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 inside 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. Victor X-ray outfit was ordered, the Woolwich 
equipment and staff being employed until the new 
outfit arrived and was installed in a chalk-pit at 
13urilon (near Petcrsfield) on the South Downs. For 
official purposes this place was known as Mirtle 
Rctn!!c'. Herc L. Walden was in charge of the 
routine X-rny inspection of mines before opening 
them for examination. The X-ray apparatus was 
remote controlled so that the worst that could 
happen. if a mine under test were lo 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 I gram radium tube specially 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 
to produce. Clockwork devices were used some
what lavishly---{aJ for switching on the firing circuit 
after a sufficient time delay after laying the 
mine, (h) counter or 'clicker' (Zahl kontacl) clocks 
to prevent firing until the mine had been actuated 
·n· times (up to I 2 usually) lo make sweeping 
operations difficult, (c) to scuttle the mine after a 
certain predetermined time had elapsed after laying 
(d) clocks for automatic latitude adjustment, etc. 
Mines were not only laid from aircraft. but also by 
ejection from the torpedo tubes of submarines. 
Samples of these were obtained from a captured 
German trawler masquerading 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 
Mine. a bomb if it hits a ship or the ground. a mine 
if it falls in the sea., When we recovered 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 aircraft without parac~ute. On 
removal of the rear steel cover of this mine a second 

cover, like a top-hat in shape, which had two 
broken plate-glass windows about 3 inches 
diameter, was revealed. The mine had only partially 
detonated and on examining the debris under the 
second cover Kelly and I discovered broken bat
teries and relays and the bent sensitive plates of two 
small photo-electric (selenium) cells. The latter 
could only 'make sense' if light actuation was 
intended via the two plate glass windows, which 
,verc 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 immediately issued to the 
'Suicide Squad' instructing them to open B.M. 
I 000's only in the dark or in very subdued light. 
Soon afterwards a more ~rfcct specimen was 
recovered-confirming our conclusions about the 
optical booby trap. Later we received a signal from 
Suez notifying us that •the Germans are using a new 
mine. the B.M.1000. which is fitted with two plate 
glass windows behind which can be seen, with the 
aid of a torch. two carbon granule microphones but 
there is no booby trap' ' Someone in Suez had been 
very lucky I One night in August I 940 low fl_ying 
aircraft were seen to drop parachute mines dehbcr
atelv. one in a field at Southwick (Boarhunt) near 
Portsmouth and another. also in a field at Puddlc
hinton (near Dorchester). Both were type C German 
mineshclls. The one near Portsmouth was badly 
smashed due lo the explosion of a small auxiliary 
charge and contained an interesting 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 
Puddlchinlon armed with a trepanning tool with 
remote control (designed by Oliver Thornycroft), 
to cul an inspection hole in the mine shell. But the 
trcpan culler jammed and Commander Thistleton
Smith decided 10 open the mine a quicker way by 
allaching 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 toward_s the mine across 
the field. They were well on their way towards 11 
when a second explosion 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
ence which we drew was that M.D.D. (Portsmouth 
and A.S.E.E. (Portland) scientific and technical 
staffs were not popular in Gemiany and these two 
mines were specially sent from Germany to create 
vacancies ! 
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,-:,i Detailed descriptions of the German magnetic and 
other types of mines are to be found in various 
M.D.D. reports (M.S. Summaries and S.S. Reports) 
from November, 1939 onwards. 

270 

N.P.L., B.E.A.I.R.A.. Greenwich Observatory, the 
Universities and Technical Colleges, erc.-it became 
increasingly necessary to find additional accommo
dation. Early in 1940 we expanded into the 
evacuated Old Grammar School (for laboratories 
for the scientific 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 Hcxt 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 1st September, 
I 940, 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 
West 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 
West Leigh and Leigh Park doing a spell of rifle 
practice al the Tipnor range ! 

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

In the afternoon of 7th March Captain 
G. Middleton 'phoned from the Admiralty to say 
that I 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 matter was very urgent. I 
guessed it was to fly to Cherbourg re d - g, but it 
wasn't. J. T. Crenncll drove me in my car to 
Havant station lo catch the Portsmouth-Waterloo 
train-but there I discovered it wasn't due to stop 
at Havant. However I persuaded the stationmaster 
at Havant to slop the train by pulling the signals 
against it ! So I reached the Admiralty without loss 
of time. There I met Captain A. G. Talbot 
(D.A./S.W.-Dircclor of Anti-Submarine Warfare) 
and Lt. Commander E. C. Bayldon, who explained 
that we were lo go to Spain (possibly Barcelona) 
to meet a German who had secrets to sell for a 
large sum of money in cash. He, the German. was 
said lo carry a revolver so Captain 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.I.D., Treasury officials, etc. went 
on until 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 seaplane to Gibraltar. There we 
should be briefed by someone in the office of the 
Admiral Superintendent. Admiral Sir Dudley 
North. C.-in-C. Gibraltar. On arrival at Gibraltar 
in the late afternoon we were infom,ed of the son 
of secrets the Germans had to sell and that arrange
ments had been made for us to meet him next dav 
in Jerez (pronounced Hereth). At the desk al th~ 
Rock Hotel we were informed by a Spanish clerk 
that the hotel was full but Captain Talbot 
demanded to sec the manager and two rooms were 
forthcoming without delay ! T. and B. (Captain 
Talbot and Lt. Commander Bayldon) shared a 
double room on this occasion and always aflcr
wards. as they had charge of 'Adolf'. The next day, 
Sunday. after lunch. Captain Hilgarth (Capt. H.). 
Naval Attache from Madrid. met us in his car and 
took us across the Spanish Frontier without inspec
tion or 'dating entry' of our passports. At Jerez we 
went to Williams and Humboldt's Sherrv Bodeea 
and. escorted by Mr. Williams. duly sari1pled the 
best sherries in Spain. Then we were taken to meet 
Mr. 'Wainwright' (Dorfer) in a summerhouse in the 
grounds. He wanted the money before disclosing 
his 'secrets' but of course we didn't fall for that. 
He was a good-looking young fellow-looked 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 Sevil1a 
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 to 
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 wrillcn on the edge of a newspaper. to 
show us in the hotel. It was the formula for nitro
glycerine with a slight error ! In the hotel later that 
day we met the two British agents R.M. and A.O. 
who told us the earlier history of • Dorfer • who 
had three secrets lo sell: 

(a) a new explosive. 
(b) a ground n.c. mine which could leave the 

sea-bed on the approach of a ship and 
behave like a torpedo lo sink the ship. and 

(c) a harbour defence A.S. scheme (alternative 
lo 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 to 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.O. when they arrived later in their 
own car and we were to 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 garrison. 
We also saw the room where Jose 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. Jose spoke to the 19-year-old 
boy on the 'phone and asked him if he was prepared 
to die 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 still 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 besiegers for 72 days before being 
relieved by the troops of General Franco. In 
Madrid we had several meetings with the Embassy 

88 

..... ,.. .., 

A copy of the porlion of the Spanish 
11cwspapcr on which the 'new' 
formula was written. 

officials and with R.M. and A.O. in their 'com
mercia1' 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-teen 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. to come but he didn't 
turn up. We had one afternoon 'off' to see the 
world-famous Valasquez painting in the Prado Art 
Gallery and Museum. Then a message came to say 
that Mr. X. would meet us in Valladolid. Whilst in 
Madrid my temperature was around 104° F.-1 
was on a milk diet just before leaving England and 
my digestion didn't improve on Spanish food! 
Captain H. took 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 culling at the summit a rope was 
stretched as a barrier across the road. H. said ' I 
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 
Valladolid. There we proceeded to the 15th cen
tury English Monastery (Monseigneur Henson)"" 
where Roman Catholic priests were trained for the 

<
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"
1 I had lhc 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 'monev first' and 
he eventually departed without it. M. Henson 
thought it might be a trap and that we might be 
waylaid and robbed 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 to 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. obtained a taxi to take us on to 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 
entered Spain from Gibraltar. 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 I0.30 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 Attachc'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< 01 >-thc N.A. managed 
to get us three seats on a commercial plane from 

'"
1
l llie Germans entered Paris on 14th June, 1940. 
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Le Bourget. To do this I had to be described. like 
T. and B., as a Naval Officer on urgent Govern
ment business. We reached Hes1on 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 
meetings 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 
secrets were just bunkum, and I was glad we had 
brought back the money. The sequel to all this I 
discovered when I unexpectedly met A.O. at the 
office of Dr. E. T. Paris at Millbank in September 
1941. Both R.M. and A.O. had then left the service. 
Dorfer had said on several occasions that he was 
being followed. Now A.O. 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 o□e 
which neutralised the ships· magnetism. Demagnet
isation was later re-named 'de-gaussing'. O.G. In 
this connection the coil system was first applied 
to the Trawler Sawfly and to the light cruiser 
H.M.S._ Manchester. The latter was successfully de
magnetised by 13th December, 1939, against the 
type of German M. mine recovered from Shoe
buryness on 23rd November. It was soon dis
covered that O.G. coils at first wrapped outside 
the steel hull, would operate well if simply laid 
on the deck and eventually they were found to 
work all right if laid conveniently in steel tubes 
near 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 
mam-. fore- and quarter-deck coils (M.F. & Q. 
coils). this more elaborate system being used only 
for the larger and more valuable ships in the Navy 
and Merch_ant Marine. With the acute shortage of 
cable required for an enorn10us 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 experience could 
neutralise, and not under- or over-compensate its 
natural magnetism; another method suggested by 
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Dr. C. F. Goodeve and used extensivelv on smaller 
ships was known as "\viping' - a long horizontal 
cable carrying a suitable heavy current. being 
hauled repeatedly by a line of sailors on the deck. 
close lo and up and down the sides of the ship. 
Many names could be mentioned as outstanding in 
developing D.G. systems. besides those I have 
mentioned, F. B. Young and S. Butterworth, E. C. 
Bullard. C. F. Goodcvc (Lt. Cdr.. R.N.V.R. then), 
Commander J. Hext-Lewis. Commander Oliver 
Bcllasis, Dr. H. R. Hulme, R. E. d'Atkinson. 
R. Gossage and many others. The D.G. organisa
tion grew rapidly and magnetometer 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 equator N.-S. or S.-N. Obviously 
volumes could be written to give details of the 
countermeasures to enemy mincs-minesweeping. 
degaussing. ere. and it is difficull in a short article 
such as this even to mention the many important 
features involved. The D.G. system grew so rapidly 
in extent that a separate D.G. department was 
formed by the Admiralty under the direction of 
Admiral Lane,Pool, R.N. The Director of Elec· 
trical Engineering (D.E.E.) AdmiralLy J. S. 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 lo be treated in this way before going 
to sea. and the degaussing organisation played a 
major part in keeping our ships afloat throughout 
the war. Steel mineswccping vessels of course 
received exceptionally careful degaussing treatment 
for they had to pass over live minefields in their 
routine operations. 

Demagnetising our ships \Vas of course only part 
of the problem of countering enemy magnetic 
mines. Another important alternative 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 
already been planned and Mr. Churchill gave 
orders that it must be ready and in action by 1st 
January, 1940. It was ready by that date and was 
successful in detonating enemy magnetic mines at 
a range of about I 00 feet ahead of the ship. The 
shock felt on the bridge of the ship when a mine 
detonated was sometimes rather more than un
pleasant ! The Gemians later used these large 
magne"ts for mineswecping and described the 
sweepers as 'Sperrbrcchcrs' (boom breakers). 
Reference will be made lo these later. Another 
early type of M. sweep wa~ known as the D.W.l. 
(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 D.C. current as weight 
of batteries or machines would permit. The plane 
had to flv verv near the water surface to create 
sufficient "magn.etic field on the sea bed to detonate 
a mine. and thereby ran the risk of being caught 
by the plumes sent up by the explosion. The D. W. I. 
sweep was very successful in clearing the Suez 
Canal of M. mines. The most satisfactorv method 
of sweeping magnetic mines was know·n 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 lowed in parallel from two 
small wooden sweepers, and carrying a very large 
current, of the order of 2000 amps. The current, 
with earth return, was pulsed first positive then 
negative and the magnetic field produced in the 
rectangle about 600 yards long by 100 yards wide, 
formed by the floating cables was sufficient to 
detonate all M. mines + vc or - vc 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 and so on. There was of 
course a great deal of effort 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 'earth' electrodes and the 
machinery to supply the current. The introduc~ion 
bv the enemy of S.,pole as well as N.•polc mines 
w·as fortunate in respect of the design of suitable 
copper,earth electrodes. With a D.C. current of two 
or three thousand amps .. these dissolved 'like 
sugar' in the sea, but the enclosure of the electrodes 
in ~a suitably padded 'sacking' bag resulted in the 
retention of this dissolved copper 'in the bag' al the 
first pulse ready for use in replating it on the elec
trode on the reverse pulse ! Some of those princi
pally involved in the design and first trials of the 
L.L. sweep were Professor B. P. Haig, C. F. Good. 
eve, 0. Thornycroft and H. Gollop, as well. of 
course, as Admiralty electrical engineers involved 
in the design of the necessary machinery and fittings 
to ships. The rapid growth of the mineswceping 
section of M.D.D. resulted in the formation of the 
M.S. Section at Feltes College, Edinburgh, J. K. 
Roberts (later succeeded by A. F. Pickles) and 
F. Pearson were Chief Scientist and Engineer in 
charge of this Scottish mincswecping bra;ch. 

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, to discuss the probable nature of these 
enemy mines. Statements had been made that these 

may be unexploded bombs, that they could not 
possibly be magnetic mines, and that acoustic mines 
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 
Mirtlc an unusual C-type M. mineshell (magnetic 
normally) recovered from Ogmorc River near 
Cardiff. On opening lhis mine it was found to con
tain a carbon granule microphone mounted on a 
mechanised amplifying lever. with circuits. CuO 
rectifier, two moving coil relays and a 6-day clock. 
There was no diaphragm on the mineshell. Other 
similar mines were recovered on 8th to IOth 
November from Birchington and Fowey. The 
amplifying lever on which the carbon granule 
microphone was mounted served to tune the micro
phone lo a frequency near 250 c/s. Following the 
receipt of these and other gratuitous samples from 
the enemy we rapidly instituted countermeasures. 
One of the first of these was to 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 to have a resonant frequency of 500 c/s .. but 
as the enemy mines resonated at 250 c/s. the 
'Fesscndens' were modified to suit this frequency. 
H. Margary was in charge of this work at Allen 
West's factory near Brighton. It is interesting to 
note that some time after these were in use we 
recovered a German acoustic mine which had an 
electrical filler incorporated to reject signals of 
500 c/s.--evidence of the efficiency of the enemy's 
spy activities in wartime-but of course this had 
no effect in preventing the 250 c/ s. Fessendcns 
from sweeping the mines ! At a later stage of the 
war the enemy were using acoustically controlled 
torpedoes which could automatically 'home• on 
ships' propclicrs. 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 
to the ship's propeller. A sound-recording range 
was set up at Innellan (Clyde) with hydrophones 
laid out in channels frequented by our mvn 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. mincsweeping 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 enemy were laying mines, both 
from submarines and aircraft, which contained 
combined acoustic and magnetic firing devices. 
These A.M. type mines. referred to as 'Sammies', 
usually contained anti-sweep Zahl Kontact (clicker
counter) mechanisms and occasionally booby traps. 
But the minesweepers were suitably equipped with 
appropriate sweeps, and their crews showed great 
courage and endurance in their dangerous but very 
valuable occupation. Of course lh; arrival of the 
German acoustic mine raised the question "Why 
don·t we have an acoustic mine?" The ::inswer 
being that we had had one since the 1914 - 18 war 
but it was not used OCcausc of its variability ! It 
was quickly resurrected and laid in buoyant mines. 
resulting in considerable destruction of enemy 
shipping. We had in service a considerable reper
toire of mines. horned contact, antenna. magnetic. 
acoustic, etc. laid in large numbers from mine
laying surface craft. sub~mrines and aeroplanes. 
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 ii. The German Navy. however, 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 'oyster· 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 sca,bcd, 
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. Its magnitude was estimated theoretically 
by Sir G. I. Taylor for various classes of ship, speed 
and depth of waler. The German 'ovsler' unit was 
very simple. It consisted essentially of a cylindrical 
metal container divided into two compartments by 
a diaphragm. a small lcak,holc 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 leak-hole and slow 
variations 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 circuit of the mine. This type of mine is diffi
cult to sweep and the requisite suction on the sea
bed lo actuate it can generally only be produced by 
an actual ship or a submerged body approximately 
the size of a ship. Two such lowed bodies met with 
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some success. (a) 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 oyster mine the pressure pulse and 
bubble passed more or less freely through the 'egg
crate· framework without causing much 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 
it. 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 rcording stations 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. Consequcnlly our own 
design of 'oyster' was made to 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 difference. 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 bv the technical and the naval 
staffs, before it could. be accepted for Service use. 
As a consequence it might be a mailer 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 but, under the old con
ditions. could never reach fruition. As most of the 
components of the Service mines-batteries. relays, 
C.R.s. microphones, chattering contacts. circuitry. 
ere., etc.-had been tested and retested adnauseam 
it appeared that small changes in circuits. using 
standard components could be made to produce 
valuable results without further sea-trials. When I 
suggested this early in 1940 it was considered 
heretical and against all the basic principles of 

'.mining! It was not until over two years later. in 
November I 942. 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 Novemlier 1941, that 
the formation of the M.X. group in M.D.D. took 

place in November 1942. Early in 1943 it began to 
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 
minesweeping methods. We were already aware 
that it would require a period of two or more 
months before the enemy could adapt his sweeping 
techniques to a new type of mine-firing unit-this 
estimate was based on our own reactions to enemy 
mines dropped on land or otherwise recovered. 
Consequently the M.X. department was set up for 
the purpose of designing and titting out new 
actuating circuits-small batches of mines. having 
special circuits for special destinations. being pre
pared by trained Wrens supervised by designers 
and Naval ofticers. 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 to the strategic 
points. Altogether about 5000 of such mines were 
constructed and delivered. As examples of M.X. 
output special insensitive magnetic mines. operating 
on· gauss· rather than· milli-gauss." were prepared 
to deal with large German Sperrbrechers carrying 
.sweep magnets weighing 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 to ignore the intense magnetic 
field of the minesweeper and operate on the 
relatively small magnetic field produced by the 
submarine which followed-i.e. the mine unit 
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 
that the enemy's reaction to some of these mines 
was to use two and sometimes three Sperrbrechers 
to precede the U-boats l 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. 
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In November 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. etc. 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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The new huilding al 1hc 
Ad111iralty R.c.~carch Laburtllory 
Tcddi11g1011, /Y43. 

to the end of 1942, three verv strenuous vears of and later confirmed. that he had gone there to work 
great responsibility which had Seen many iniportant on atomic fission problems, i.e. atom bombs . 
developments in mine warfare. Much credit is due At A.R.L. in November 1943 the former • Fire 
to Captain Riley for his leadership during these Control • or • Low Power Transmission • group 
early and difficult days of the war. After the re- initiated by Dr. C. V. Drysdale and later taken 
moval of M.D.D. from H.M.S. Vernon Gunwharf. over in 1929 by J. M. Ford. had developed into a 
Portsmouth. to West Leigh and Leigh Park. much larger group than that I had known in 1936 
Havant. our establishment was gradually dispersed when I had gone to Portsmouth. It had now. in 
to numerous other places. The workshop moved to 1943, split off from A.R.L. to become the 
Fareham. Horsea Lake and the open-air swimming 'Admiralty Gunnery Establishment' under Colonel 
pools at Hilsea were used for explosion research A. V. Kerrison as Superintendent who was also 
and testing of hydrophones, etc. Minesweeping functioning as Superimendent of A.R.L. It was 
division was moved to Fettes College. Edinburgh. intended that as soon as suitable accommodation 
Acoustic measurements of ships to Innellan (Clyde). could be found A.G.E. should break away from 
Loch Long and Greenock (R.N.T.F.). and so on. A.R.L. leaving the latter in its original forni minus 
For some of us this resulted in much night travelling the gun and searchlight control section including 
to and from Scotland. U.D.E. Portland had also that_part of_ Optics required for gunnery purposes. 
moved to Fairlie (Avr), so that the Anti-submarine Dunng the interim period before Gunnery departed 
depth charge and loop liaison meetings were held to Its own establishment-ultimately this proved to 
alternately in Portsmouth and Fairlie at monthlv be Portland-I was to superintend the A.R.L. side. 
intervals. ·we had D.G. ranges. coiling and wiping This I did from 1943 to 1946 when I transferred to 
stations all round the coasts and indeed all over the the Admiralty as Deputy D.P.R. During my absence 
world. The organisation of this D.G. work became m Portsmouth. 1937-43, the new A.R.L. building 
so great that, as I have said already, it became a had been erected. in 1939. This building is described 
distinct Admiralty department with Admiral Lane- even to the present day as the Fire Control Building. 
Poole as Superintendent of degaussing. In Septem- On my return to A.R.L. in November 1943 some of 
ber 1943 I spent three weeks in hospital for an the old groups were still actively functioning: 
abdominal operation and soon after my return to one or two had disappeared. and new groups 
West Leigh I was transferred to A.R.L. Teddington had been formed. The large 80-foot-long tank. 
again in November 1943. Professor H. S. W. formerly used for undeiwater acoustics. was 
Massey was to take my place as Superintendent dry and was being used as an infra-red dark 
Scientist at West Leigh but before he could com- tunnel underground, the large acoustics Iabor
mence duties he was whisked off to U.S.A. at very atory above it having been absorbed by the work
short (2 or 3 days') notice. I guessed at the time, shop stores. I shall not attempt to describe the 
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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 magnctostrictive 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--{a) 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 ~t 
A.R.L. in 1943 were a strong team under E. G. Hill 
who, soon after my arrival in November 1943, left 
to become Chief Scientist at the Admiralty Under
water Explosion Research Establishment at Rosyth 
(Undex). A. Elliott took his place in control of the 
1-R. Section at A.R.L., other members of the team 
being E. Lee. L. E. Mayes. T. H. Pratt,. G. G. 
McNcice, B. W. Soole, J. Starkiew1cz, F. K1cmsky, 
E. W. Jackson and B. Horwood. Their investiga
tions covered the whole range of I-R detectors, 
photo-emissive and photo-conductive cells, thermo
pilcs, bolometers. etc. but their principal achieve
ment was the development of a small photo
emissive image converter (about 4·5 ems. diameter 

work of the Gunnery department, A.G.E. This part 
of A.R.L.-A.G.E. was Colonel Kerrison's special 
concern, assisted by J. M. Ford, J. Bell, L. Champ
ney, 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 earlier - Stabilisation, 
follow-up mechanisms, magsli ps 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. Ditchburn (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 
control towers and the use of red lighting in the 
Navv. Other research work in the Optics section 
dealt with optical rangcfindcrs for various special 
purposes, e.g. A.A. gunnery, instrument lighting, 
prism devices for use in marking rcsuhs of • 20° 
Throw-off', H.A. practice anti-aircraft firings, etc. 
Other members of the Optics Group al 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 f left i;; 1936. Then it was mainly anti
Submarine, now it was inclined to be pro-submarine. 
The group was in charge of F. R. Carling assist~ 
bv W. Burns, R. S. Hogbcn. B. Hensel. One of their 
niain 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, etc. could 
be heard were measured in Loch Long-followed 
subsequently by the installation of the Ac~ustic 
Range in Loch Goil. Underwater transmitters 
having a flat characteristic over the audio frequency 
range ,vcre designed for use in tesling ac~'-!slic 
equipment. Resilient mountings for . aux1hary 
machinery in surface craft and submarines were 
designed, resulting in a marked reduction ~f no_ise 
emanating from ballast pumps, mono-trimming 
pumps and sea-water circulating pumps. X craft. ;~:::0

"' 

midget submarines,_ receiv~d particula! atlent~on (·-::c:T• 
from the point of view of silence, the diesel engine 
main motor and gear-box being mounted as one 0 

unit on a common frame on special neoprene 
flexible mountings. In this case the range of detec-
tion was thereby reduced from l0,000 yards to less 
than 200 yards. The acoustics group also designed 
an expendable noise maker, known as 'Publican', 
for use against the enemy acoustically homing 
torpedo knO\yn as the Gnat. 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 hydrophone intended to 
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and 4 ems. lr,ng), known as the R.G. tube, in co
operation with E.M.I. at Hayes, Middlesex'"''· 
This small tube converted invisible short-wave 1-R. 
into visible radiation. The high voltage required to 
operate the tube was provided by a simple Zam
boni ' dry' pile of coated paper discsrn:i>. Dyed 
plastic infra-red filters were also produced in co
operation with the 'Ernoid' plastics factory at 
Stroud. These 1-R. filters were used to render 
powerful light sources invisible. A great variety of 
transmitters and R.G. receivers were designed 
during the war to 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 f-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 to Chcrbourg 
several times in 1944 to inspect such enemy equip
ment, and with A. Elliott he toured Germany 
immediately after the end of the European war 
(May 1945) to recover 1-R. material used by the 
enemy. One lype of German image converter 
known as the 'Scchund' 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 research groups at A.R.L. which 
might be described as the Underwater Ballistics and 
Electromagnctics Group was still under the direc
tion of S. Butterworth. This group which also 

1
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i Prof. Trueman and Dr. McGee were in charge of 

R.G. image converter tube manufacture at E.M.I. at 
Hayes. 

<~~) Paper discs coated on one side with tinfoil and on 
the other side with manganese dioxide. 

AMERICAN 

DEVELOPMENT 

The dc1•clopmc111 uf i11/ra-rcd 
photocells from 1936 onwards. 

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 entry 
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· !he 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 (Hclcnsburgh) water entry 
tank was constructed and used for testing pro
jectiles on a much larger scale than was possible in 
the A.R.L. tank. Reference has already been made 
to Buttetworh's interest in German magnetic mines, 
degaussing, etc. Assisted by N. F. Barber and 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 A.S.E.E. Portland and Fairlie, joined A.R.L. 
staff in May 1945 and ultimately took over the E.M. 
work of Butterworth's Group when he retired (on 
11th 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 coasls to 
observe the period and height of waves and swell 
coming up the Channel from the Atlantic. Apart 
from its immediate objective, this work raise.cl the 
4ucstion as to the advisability of forming an 
oceanographical section of Admiralty research to 
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obtain data on the fundamental characteristics 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 to sec me at A.R.L. lo discuss the 
possibility of forming a ·wave-group· or 'ocean
ographic group' at A.R.L., and it was decided to 
do so as soon as possible. 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. G. 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. mathematical 
abilitv. He demonstrated the wisdom of this course 
after ·he joined Dr. Deacon's wave group and in his 
subsequent career(u~). The Ocennographic 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 \Vhere the storms originated. Representa
tives from manv countries. U.S .. India. Australia, 
New Zealand. Mauritius. etc.. visited the laboratorv. 
and the wave-recording station al Perranporth arid 
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 sea bed. Another branch 
of oceanographic study relates to the physical stale 
of the sea-temperature. salinity and density, which 
influnce the effective 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 
eanh"s magnetic field. and intern □ I waves in the sea 
were other important subjects studied by the ocean
ographv 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 research shins and is well 
known· internationally all over the \.;arid. 

Flying bombs (VI type) were a source of annoy
ance in the Teddington area for several months 
from June 1944. Manv 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 □nother in Hampton Court grounds. Ar:-;olitary 
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(V2) stratospheric flying bomb fell near the gas
works in Teddington. 'Samples" of VI and V2 
bombs"'"(Vl in July and V2 in November 1944) 
were on view at R.A.E. Farnborough. where 
Bunerworth, Ford and myself went to see them. 
They were 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 
'desperation· inscribed on it! As we know now the 
antidotes to VI were soon found and the V2's were 
hardly 'under way' before D-day and the end of 
the European war. I suppose these flying bombs 
were 'a linle 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 important events inevitably 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 I have written. I have just 
referred almost haphaz.ardly lo some of the out
standing features of the period as they concerned 
me personally. I 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 8th 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-organisation hecame necessary. All the scientists 
and engineers hitherto employed in the Admiralty 
scientific. technical 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
miraltv. Before the 1914 • 18 war there was no 
civilia~ scientific organisation-in 1915 I was one 
of the first two civilians employed by the Board of 
Invention & Research (Admimlly): I 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 

1~
11 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. 

il•:n The V2 nying bomb was 46 ft. long, 5 ft_ 6 in. 
diameter, weighed nearly 15 tons (at take off). Carried 
9 tons of liquid oxygen and alcohol as fuel, and I ton 
of explosive. Radio•controllcd from ground. A very 
fine achievement mccbanically 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 bv the radiolocation. ' Radar,' Service which 
worked :n close collaboration with the Air Force 
and the Army. Great advances in asdics, mining. 
mineswecping, torpedoes. degaussing. etc., to which 
I 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 Servicernfli 
which was concerned with • Reorganisation and 
Recruitment during the Reconstruction Period.' It 
dealt with the complete reorganisation of the 
Scicntilic Civil Service with ' substantial improve
ment of salaries and careers.' It created a Scientific 
Officers Class recruited from highly qualified 
sc1en11tic graduates on salaries • aligned at certain 
points wilh those of the administrative class.' There 
was also created an • ExperimenLal 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 
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Service Commissioners and Dr. C. P. Snow was 
appointed 10 assist them. The Institution of Pro
fessional Civil Servants which in 1945 comprised 
some 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 
developments as Radar, jet propulsion, the answer 
to lhe m□gnetic mine. Mulberry, Pluto, etc .. and 
played a [Ydrt in the development of the atomic 
bomh." 

Looking back over the period from 1915 when 
the Admiraltv Board of Invention and Research 
was formed io 1944 when it became transfonned 
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 doubt 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 ploughshares· will long continue. 

(~) Cmd. 6679. September 1945. 
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of Mari11c Aco11s1ica! Sen·iccs foe., Atiami, F/orfda. 
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OFFICE OF THE COMMANDER 

BRITISH NAVY STAFF 

Letters from U.K. to be 
addressed: 

Main Navy Building, P.O. Box 165 
Benjamin Franklin Station, WASHINGTON, D.C. 

H.M.S. SAKER 

• c/o G.P.0. London 
. I - . 

Ref: SCAD.L.915/l,17 1001 

Mr. George Wood-
2813' Woodley Road N .w. 
l'lashington D.C, 

Dear +-r--• 

27th September 1965 

As disc~ssed, I am sending you two copies of the 
Journal of the Royal Naval Scientific Service. 

' 
I-thiDk it is an excellent idea to_get the money 

,to be taken over by· either the Acoustical· Society-of America 
or the Physical Society. I am sure this will help to swell 
the funds. 

j. 

Yours sincerely, 

A, C. LAW 
Scientific 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 to 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 to 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 U.S.A. 

It is envisaged that the Memorial might take the form, for 
example. of a Memorial Lecture to be delivered, alternately, in the 
U.K. 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 invite 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 to some extent have derived from the 
pioneer work of Wood and his contemporaries, and indeed to all 
scientists and engineers who are concerned with Naval Science. 

Contributions should be sent as follows:-

CANADA ta-
D. A. Keys, D.Sc., Ph.D .. F.R.S.C., 
Scientific Adviser to the Prcsidem. 
Atomic Energy of Canada Ltd .. 
Chalk River, Ontario. 

U.K. ro--

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

U.S.A. to--

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

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