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Foreword 
This book, covering a global expanse of more than 800 years, recounts the 

largely untold story of ‘measuring terrestrial magnetism’ and of the extraordinary 

‘people, planes, places and events’ that have contributed to the evolution of the 

magnetometer and the first anti-submarine and aeromagnetic geophysical survey 

operations. It is a unique journey of science and engineering, of inventions, new 

methods and instruments – a compelling story of how the measurement of 

terrestrial magnetism has influenced the history of the world.   

The chance discovery of magnetic forces in iron-rich rocks and iron 

materials by ancient and later civilizations led to rudimentary use of magnetic 

materials in the hands of alchemists, mariners, explorers and metal craftsmen. 

Appreciation, measurement and usage of magnetism grew from there, as did 

our quest to understand the origin and nature of the earth’s magnetic field.   

In the 1930s and ’40s there were major advances in magnetometry, in 

USSR, Japan and Germany as well as in USA and UK. In USA and UK they 

were applied in military surveillance systems, including in the detection of 

submarines. At the end of World War II, military developments of magneto-

meters were taken up, rapidly advanced and applied by the mineral exploration 

industry to find new economic deposits of magnetic mineral ores. Countries 

including Australia, Canada the United States charged their national mining 

and geological survey departments with investigating and establishing 

programs of major aerial magnetic surveying and mapping in the search for 

minerals and energy. 

Today’s high-tech computer-automated, high spatial resolution systems 

for digital measurement and recording of multiple geophysical parameters 

have all evolved from those early large all-analog systems. 

Modern airborne magnetic surveying, often integrated with other geo-

physical survey methods, is an essential part of successful global exploration 

for mineral and energy resources, and in environmental and groundwater 

investigations. Aeromagnetic surveying is now a cornerstone of national and 

regional geological, structural and tectonic mapping and government-funded 

exploration initiatives searching geological domains and sedimentary basins 

for potential new mineral and petroleum deposits. 

The extraordinary depth and scope of research, over many decades, by 

the author W.D. (Doug) Morrison, as well as his collection of photos and 

illustrations, and his astonishing attention to detail, make this book an amazing 

and immersive historical reading experience and a future primary reference 

work. Doug is well known in the exploration geophysics industry, and widely 

respected not only for sharing his expertise in aeromagnetic surveying, but also 

for his business and technical integrity and his extremely high standards of 

data validation and processing. At an earlier time in our geophysical careers, 

we – Marina and Ted – both had the privilege of working directly with Doug 
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viii 

and we gained much from his mastery in producing the best possible survey 

maps and data products from each new aeromagnetic project.   

Through several decades Doug has developed an extensive ‘reference’ 

network of geophysical survey practitioners, and former experts in military, 

aviation and maritime matters. Many of these people were also involved in 

magnetic survey operations in the past. Through their little-known stories and 

personal reflections, and his access to personal and official archive material 

from this network, Doug’s narrative brings unique insights into the evolution 

of the airborne magnetometer. Along that timeline he has produced details 

that are not available in public historical material. 

Doug has been a long-standing member and active contributor to the 

Australian Society of Exploration Geophysicists (ASEG) and has been a 

frequent contributor of eminent papers on the history of exploration and 

science to the Society’s flagship publication, Preview. He rightly deserves huge 

accolades from his Australian and international colleagues and the worldwide 

readership of this new book, which the Australian Society of Exploration 

Geophysics (ASEG) releases as a Special Publication in celebration of ASEG’s 

50th Anniversary in 2020. 

Geoscience Australia, our nation’s pre-eminent public geoscience agency 

and trusted adviser on the geology and geography of Australia, has been a 

pioneer since 1951 in aerial geophysical surveying. First as the Bureau of Min-

eral Resources, Geology and Geophysics, and later as the Australian Geol-

ogical Survey Organisation, Geoscience Australia has progressively surveyed 

our continent using aeromagnetic and other geophysical methods as a primary 

strategy in its program of national geoscience mapping. We thank Geoscience 

Australia for graciously agreeing to co-sponsor and support the publication of 

this book. 

ASEG is a learned society of professional geophysicists, founded in 1970. 

The Society aims to promote the science of geophysics, specifically explor-

ation geophysics; to foster fellowship and cooperation between geoscientists 

and other earth science disciplines; to support the design and teaching of 

geophysics programs, and research by post-graduates; and to assist students 

and graduates to make the transition to a career path in the science of 

geophysics. The Society publishes the scholarly journal Exploration Geophysics, 
as well as the technical magazine Preview, regular conference proceedings, and 

special publications and books.   

It has been a pleasure in our 50th Anniversary Year to work with this 

book’s author and editor to guide this special publication through to its release.  

 

Ted Tyne 
ASEG President 2019–20 

Marina Costelloe 

ASEG President 2018–19 
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1 

12th to 19th centuries: early applied measurements of 
terrestrial magnetism 

Compass sundials and mining compasses 

THIS STORY IDENTIFIES the early applied magnetic instruments and their 

development, and how they were used in observations from medieval times 

onwards, but it does not fully describe the recorded history of the compass, the 

lodestone and the magnet.1 The observations made – whether stationary or on 

moving or airborne platforms – were forerunners of exploration geophysical 

observation as we now know it, and they deserve recognition and compilation 

and, where possible, description.  

In medieval times the magnetic needle itself evolved as a component or a 

tool for applications rather than as a simple and straightforward direction 

pointer for the traveller. Early applied examples, for instance, come from 

evidence in Denmark of over one hundred twelfth century Romanesque 

churches being built orientated to the magnetic declination of that era; and in 

the thirteenth century, floating compasses were applied in underground mine 

surveying and tunnelling near the town of Massa in Tuscany.2 These two are 

significant early examples where compasses were used more as tools than as 

navigation aids: it is a fine line though. 

In 1366 the Islamic astronomer and instrument maker Ibn al-Shātir built 

an astronomical ‘compendium’. His device, an alidade fitted with a sundial and 

compass, was designed to indicate, through calculation, the direction (that is, the 

qibla) to the religious monument Kaaba in central Mecca, and to regulate daily 

the time for each of the five formal Islamic prayer sessions (Salah).3 This sundial 

and compass combination was an important historical instrument with potential 

to easily measure variable compass declinations. However, according to studies 

by this author it seems Ibn al-Shātir and later Islamic astronomers did not pursue 

such applications: their astronomical interest was almost entirely religious. 

Although these and other medieval mentions, both European and Arabic, 

are significant, it is a gilded bronze and well-used pocket compass sundial dated 

1451 that stands out as the precursor to the applied and mobile magnetic field 

instruments we know today. 

This surviving compass sundial was designed by the Austrian astronomer 

Georg von Peuerbach (1423–61) and is displayed in the Austrian city of 

Innsbruck at the Tiroler Landesmuseum Ferdinandeum. On its face is a clear 

professionally engraved arrow that is set at eleven degrees East declination; and 

it also has other crudely scratched marks on its compass face showing other (and 

later) declinations (Figs 1a,b). The compass’s condition certainly suggests that 

the maker and later the user or users – possibly including the Habsburg Emperor 

Frederich III (1415–93) whose motto is engraved on the folding sundial cover 
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– had definite knowledge of changing declinations of the compass needle.4 This 

instrument, a land instrument, was a well-travelled and well-used tool. It 

assuredly belonged to a regular reader of compasses – a surveyor for instance, 

and he certainly would have noticed the effects on declination from rocks and 

general geology, on his compass. However, the specific uses made of this 

instrument are unknown.  

A short treatise on underground mining, including the use of a mining 

compass, was published in Ein nützlich Bergbüchlein circa 1505 by the German 

physician, mathematician and mine surveyor Ulrich Rülein von Calw (circa 

1463–1523) also known as ‘von Kalbe’ or ‘Calbus of Freiberg’. Calw’s writing 

on the use of the compass for geological purposes is difficult to interpret; in fact, 

his writings on the matter are mostly unintelligible, whether considering the 

original Old German text or the English translation. Calw did, however, finish 

with a sentence that makes approximate sense to the modern reader:  

Thus you can obtain definite knowledge of the orientation and of the strike, 

dip, and outcrop of veins, if a compass so divided is held over a vein.  

In his writings (translated by Anneliese Grünhaldt Sisco and Cyril Stanley Smith 

in 1949) Calw included a woodcut of a compass face with two dials, possibly 

‘opposing’ dials (Fig. 1c); this suggests he was observing changes in declination, 

or maybe even torsion. The nature of this woodcut image also suggests that 

observations with such an instrument were probably of a type that would have 

been tabulated; that is, they would not have been of significance as individual 

observations until they were compared to others.5  

There is no doubt that from the earliest times, regular users of compasses 

observed (as one does nowadays) that the magnetism of rocks can be extreme 

and can easily turn a compass needle, and it is probable that some made use of 

such knowledge. 

It was somewhere around 1510 that Georg Hartmann (1489–1564) – who 

was a Bavarian minister of religion, mathematician, astronomer and instrument 

maker – recorded the earliest comparisons of magnetic declination on land: he 

determined that the declination at Rome was six degrees east of true north and 

at Nuremberg it was ten degrees east of true north.6 These were not Hartmann’s 

only recorded needle observations, for Professor Ludwig Ferdinand Moser (in 

1838) documented that Hartmann on 4 March 1544 wrote a private letter to 

Duke Albrecht of Prussia in which he included, in part, the following (as 

translated into modern English by Mottelay in 1922): 

Besides, I find also this in the magnet, that it not only turns from the north 

and deflects to the east about nine degrees, more or less, as I have reported, 

but it points downward. This may be proved as follows: I make a needle a 

finger long, which stands horizontally on a pointed pivot, so that it 

nowhere inclines toward the earth, but stands horizontal on both sides; but, 

as soon as I stroke one of the ends (with the lodestone) it matters not 
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which end it be, then the needle no longer stands horizontal, but points 

downward (fällt unter sich) some nine degrees, more or less.7 

Hartmann’s description of a tilted needle was quite significant as it predates by 

some thirty-two years the credited discovery of magnetic dip made by Robert 

Norman. Norman’s work was dated 1576.8 However, Hartmann’s 1544 

discovery of dip was to remain unknown until his letter was identified for its 

significance in the archives at Konigsberg in 1831 and subsequently published 

by Moser.9  
Alexander von Humboldt in his epic Cosmos wrote that charts (that is, maps) 

attempting to portray the use of magnetic variation for navigation purposes had 

appeared in 1436 in the atlas produced by Italian cartographer Andrea Bianco. 

Bianco’s atlas has survived in Biblioteca Nazionale Marciana, Venice.10 

Humboldt also recognised Columbus’s 1492 identification of the line of no 

variation of the compass (zero declination), and he recognised and wrote that in 

1521 Francisco Antonio Pigafetta had maintained magnetic variation ‘logs’ 

during the voyage of Magellan.11 Humboldt – with an obvious interest in the 

matter – was diligent, for he also identified that in the 1530s Alonzo de Santa 

Cruz (mathematics teacher to the young Charles V of Spain) and Felipe Guillen 

(instrument maker) jointly compiled sea charts and constructed ‘variation 

compasses’ for both navigation and astronomical purposes.12 

In 1538 and 1539 the navigator João de Castro (1500–48), travelling to the 

East Indies leading a convoy of eleven ships, documented forty-three 

declinations between Lisbon (Portugal) and Goa (India), and this is considered 

the first extensive series of declination observations recorded on a sea voyage. 

Merrill and McElhinny (1983) gave the following brief description of Castro’s 

instrument and methodology: 

Using an instrument with an arrangement like a sun-dial with magnetic 

needle, he determined the magnetic azimuth of the sun at equal 

altitudes before and after noon. The half difference of these azimuths 

measured clockwise and anticlockwise respectively was the magnetic 

declination.13  

According to Harradon (1944) the instrument was invented by Doctor Pedro 

Nunes and built by João Conçlaves.14 Interestingly, Merrill and McElhinny’s 

description is such that it could be describing the 1451 compass sundial 

displayed in the Innsbruck museum, mentioned above.  

Castro’s declinations – as he progressed south on his voyage to the South 

Atlantic around the Cape of Good Hope and on to Goa – were clearly 

legitimate, for they defined declinations that were initially west and then east of 

true north.15 Castro documented the problem of local interferences, not just 

from his cannons, anchors and other iron on board, but also from rocks. As far 

as is known, he was the first person to do so. Along the coast of India in 1539, 

on the little island of Chaul and upon climbing a hill on the northern side of the 

island, he wrote: 
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a wonderful thing happened to me. ... placing the needle on top of a big 

boulder so as to get an idea of the bearings of the island, suddenly the 

rose turned the north to where the south was at the beginning. When I 

saw this, and thinking it was due to a displacement of the rose, I lifted 

the instrument off the boulder to set in order, but in so doing the north 

end returned to its right place.16 

Curiosity was aroused, and Castro repeated his observation several times and 

then continued to observe around the hill, finding many boulders were 

magnetised and some were not. In his logbook he described the rocks (in a 

simple way), and the anomalies he observed made him very aware of local 

magnetic effects in his observing.17 

Humboldt wrote in his Cosmos that during the time of the various Spanish 

and Portuguese longitudinal demarcations the interest in and understanding of 

magnetic variation was heightened, and that in 1585 Juan Jayme and Francisco 

Gali made a long voyage from the Philippines to Acapulco, Mexico, for the sole 

purpose of testing a ‘declinatorium of Jayme’s design’.18 

In Germany towards the end of the sixteenth century, delicately balanced 

paraphernalia were crafted. They were loosely described then (and nowadays) as 

‘mining compasses’, and examples of them (such as Figs 2a,b), positively dating 

from the 1590s, have survived at the Museo Galileo in Florence, thanks to 

Mattias de Medici’s practice of collecting scientific instruments in the mid-

1600s.19 How these particular instruments were used or intended to be used is 

conjecture; it is possible they were made for educational purposes.  

One of the instruments held in the museum, along with its various boxed 

needles, graduated discs, clinometers, balances and plumb bobs, is well worn, 

suggesting it was used in the field. This instrument by its appearance seems to 

have been a predecessor, of sorts, of the various seventeenth and eighteenth 

century magnetic ‘weighing’ balances first devised in England by Robert Hooke 

in 1666 when he was attempting to prove the inverse square law by measuring 

the strength of magnets. Hooke constructed a second, improved, instrument in 

1680.20 In the eighteenth century Blondeau, van Musschenbroek and Saussure, 

following Hooke, all attempted field measurements by the ‘weighing’ or 

balancing method, as outlined later in this chapter. 

Sundial compasses are known to have been used to prospect for iron ore 

in Sweden prior to 1640,21 being first mentioned in that era by ‘Dr Berndz’ in a 

memorial to the Swedish Lord High Chancellor Axel Oxenstierna. Some years 

later, in 1668 and also in Sweden, the prospector Jöns Persson was financially 

rewarded following his discovery, using a compass, of a new iron ore deposit at 

Lekeberg in Närke Province.22 

By the mid-eighteenth century, land survey compasses were also reportedly 

responsible for the discovery of a number of buried iron ore deposits in the 

American colonies ‒ specifically in the ‘Highland range from the Hudson to the 

Delaware Rivers’.23 

It is recorded that the Swede Daniel Tilas shortly before his death in 1772 

used his own designed and finely balanced instrument, identified as a ‘Swedish 
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mining compass’, in the search for iron ore. His balanced needle measured in 

both horizontal and vertical planes. It is considered that he had invented this 

instrument many years earlier, but that cannot be confirmed. Little information 

has survived on Tilas’s early scientific and mineral exploration activities, for he 

lost all in a house fire in 1751.24 Viberg et al. in 2011 noted there is still debate 

in Sweden regarding the origin of the so-called Swedish mining compass.25  

Le Nautonier, William Whiston and needle oscillations 

IN A DELIBERATE attempt to measure the varying magnetic intensity of the 

earth, Guillaume Le Nautonier made the earliest documented observations. In 

1601 he published his theories on the subject, along with tables of declination 

and inclination as functions of latitude and longitude in both hemispheres (it is 

reported there were 196 pages in total).26 Seventy years later, in the late 1660s to 

the mid-1670s the London professor Henry Bond also published a series of 

articles on the same matter in the Philosophical Transactions of the Royal Society.27 

William Whiston (1667–1752) – successor to Isaac Newton as Professor of 

Mathematics at University of Cambridge (Fig. 3a) – made a landmark survey of 

magnetic dip or inclination in south-east England in 1719 and 1720. In these 

two years Whiston timed the ‘vibration’ or oscillation of horizontal declination 

needles he had deliberately set in motion, and so observed the ‘Strength of that 

Magnetic Power’.  

The historical significance of Whiston’s observations on terrestrial 

magnetic intensity – particularly his English horizontal needle ‘vibrations’ – is 

still not generally recognised. His oscillation observations were ‘rediscovered’ 

and studied in some detail in 1893 by the geophysicist Louis Agricola Bauer 

when researching Whiston’s writings in the ‘Royal Library at Berlin’, but they 

have hardly been mentioned since.28 

On his two-year survey Whiston made observations with his dipping 

needles at twenty-eight locations around England. In the 1719 season he 

observed dip using a 12-inch needle, and in 1720 he observed using an 

enormous 47.5-inch needle. He also devised a mathematical method to 

determine the dip, as a cross-check to his observations of dip by direct 

measurement. He did this by ‘vibration’ or oscillation; that is, by gently swinging 

a magnetic needle mounted horizontally at first and calculating the time it took 

to make one oscillation, and by then swinging the same needle mounted 

vertically (as a dip needle) and calculating the time for one oscillation that way. 

In 1895 Bauer described an example of Whiston’s 1719 observations made 

at London where he had measured an observed vertical vibration (or oscillation) 

of 22 seconds and a horizontal vibration at 60.25 seconds. Whiston’s horizontal 

vibration of the needle was made in a plane 120° from the magnetic meridian, 

and Bauer corrected this oscillation to the magnetic meridian, recalculating its 

period as 42.6 seconds. Then, using Whiston’s original published and basic 

geometric method, Bauer calculated the dip at London as follows: 29 
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4. Frederich III was crowned Holy Roman Emperor in 1452. Inside the hinged cover

of the sundial is the anagram AEIOU for the Latin Austriae est imperare orbi universe
(or similar wording) which translates roughly as ‘Austria’s destiny is to rule the

world’. This was Frederich III’s motto or more realistically his ‘logo’. See Zinner

(1967). Also Bauer (1908). Bauer wrote that ‘the compass makers’ persisted in

marking their compasses with the engraved eleven degree line well into the 16th

century; erroneous of course.

5. Sisco & Smith (1949) pp. 31–33, 49–50, 65. Sisco and Smith suggest the somewhat

unintelligible section on the mining compass was likely to have been an addition to

the original writing, possibly even written by someone else and that it was also

‘mutilated’ in printing. Sisco and Smith’s detailed study also suggested there was

possibly an earlier version of this treatise, i.e. pre 1505. There were a number of

later versions and editions.

6. Dixon (1906). Also Bauer (1908). Neither Dixon nor Bauer cited a source for

Hartmann’s declinations at Rome and Nuremberg; it is not mentioned in Mottelay

(1922).

7. Mottelay (1922) pp. 70–71. His translation into English significantly modernised

Hartmann’s German language; it is not a literal translation. Mottelay’s source was

Moser (1838).

8. Mottelay (1922) pp. 75–77.

9. Merrill & McElhinny (1983) p. 6, and the extensively updated Merrill, McElhinny

& McFadden (1998) p. 6.

10. Humboldt (1865) pp. 54–56, 142. Also Mottelay (1922) pp. 62–64.

11. Humboldt (1865), and Mottelay (1922) p. 67.

12. Humboldt (1865), and Mottelay (1922) p. 70.

13. Merrill & McElhinny (1983) p. 7.

14. Harradon (1944), including de Sampaio Ferraz (translator, ‘Extracts on Magnetic

Observations from log-books of João de Castro, 1538–1539 and 1541’).

15. de Beer (2015) pp. 4–5.

16. de Sampaio Ferraz, in Harradon (1944).

17. de Sampaio Ferraz, in Harradon (1944).

18. Humboldt (1865) p. 55, and Mottelay (1922) p. 78.

19. Examples: Museo Galileo, Florence. Inventory Nos 683 and 2538.

20. Fara (1996) pp. 125–127. Also Palter & Hynd (1972).

21. Sundberg, Lundberg & Eklund (1925). They wrote that such instruments were in

use for more than 250 years (i.e. pre 1675). Also Shaw (1936) p. 57. The Berndz

document was being exhibited at the Science Museum at the time.

22. Viberg, Trinks & Lidén (2011) pp. 43–56, citing Carlborg (1963) (unsighted).

23. Smock (1875–1876). Professor John Conover Smock (1842–1926), of the State

Geological Survey of New Jersey, identified the pre American Revolution (1776)

mines at Sterling, Ringwood, Dickerson, Andover and Oxford Furnace as

‘probably’ discovered by compass deviations. See main text for magnetic surveys

performed in New Jersey by George H. Cook and others. Smock was one of Cook’s

assistants circa 1865.

24. Biographical entry in Hofberg et al. (1906) pp. 621–622.

25. Viberg, Trinks & Lidén (2011) p. 45 cite Carlborg (1963) pp. 13, 14, 23.

26. Mandea & Mayaud (2004), and a summary in English in Courtillot & Le Mouël

(2007).
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Fig. 2a. Late 16th century German geophysical and/or mine surveying instrument. 
This instrument, procured by Ma as de Medici in the first half of the 17th century, 
is well‐used but incomplete. It includes two compasses and an inclinometer.  
Dimensions 270 mm x 190 mm. Museo Galileo, Florence, Inventory No. 683. 

Fig. 2b. This assembled instrument, along with another somewhat similar to it with theodolite 
attachments, was procured in the first half of the 17th century by Mattias de Medici for his 
personal scientific instrument collection. Museo Galileo, Florence, Inventory Nos. 683 and 2538.

SAMPLE 

PAGES 

ONLY



Fig. 4b. Jean‐Honoré‐Robert de Paul, chevalier de 
Lamanon (1752–87). Lithograph by Langlumé, 
©Bibliothèque na onale de France. 

Fig. 4a. Chevalier Jean‐Charles de 
Borda (1733–99) by J. Souviron. 
©Musée na onal de la Marine, Paris. 

Fig. 4c. Humboldt’s 1799 Atlan c Ocean magne c dip and intensity oscilla ons. 
From Humboldt (1822) Vol. II, Chapter III. 
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Fig. 6a. An early uniden fied illustra on of a  
Saussure ‘Nouveau Magnétometre’. These  
instruments were built by Jaques Paul in Geneva.  
In the late 1790s Humboldt had Paul build one for  
his own use but he found it inadequate for his needs. 
Note the adjustable rod magnet poin ng directly to 
the iron pendulum ball. The instrument required 
precise levelling. From this author's collec on.  

Fig. 6b. Musschenbroek’s apparatus for measuring  
magne c force by ‘weighing’. From Musschenbroek (1754). 
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Britain develops induction coil anti-submarine airborne 
magnetometers: the first test flights 

August 1940: Blackett’s and Williams’s first tests  

BY AUGUST 1940 the British had developed an airborne anti-submarine twin 
coil magnetic induction gradient system that had reached operational testing. 
The work had begun in 1939, and in September 1940 Dr Edward G. Bowen, a 
member of the British ‘Tizard Mission’ (so named because it was led by Sir 
Henry Tizard), carried details of this airborne system, along with other top secret 
radar and critical research, to the USA in his personal luggage.331 

The origins of the British airborne twin coil induction system, according 
to eminent physicist Patrick M.S. Blackett writing in 1947, had arisen in 
discussions at two meetings of the Committee for the Scientific Survey of Air 
Defence, more commonly known as the ‘Tizard Committee’, in mid to late 
1939.332 At its first meeting the committee had estimated the probable magn-
etic field of a U-boat, among its discussions of various scientific subjects in 
war preparation. In its second meeting the committee addressed the problem 
of locating a submerged submarine from the air by detecting its magnetic field.  

Blackett was a founding member of this committee. In 1939 he was based 
at the Instrument Section of the Royal Aircraft Establishment (RAE) at 
Farnborough where, in his words, he ‘started to consider the practical 
problems of constructing a workable apparatus for detecting the magnetic 
field of a submarine from the air’.333  

In December 1939, Blackett first considered individually compensated 
detecting coils to be mounted on each wing tip of an aircraft.334 Associated 
with this plan by Blackett – to design a practical twin coil gradiometer to detect 
submarines – there was also a proposal at RAE to use the same scientific 
principles to develop an instrument to measure aircraft ground speed and, 
further, to consider whether the technology could possibly be developed as a 
‘bomb detector’ and as an anti-submarine proximity fuse.335 In early 1940 at 
his own request Blackett was joined by the Welsh physics professor Evan 
James Williams336 (Figs 34a,b) in this quite secret work at RAE Farnborough 
and, according to Blackett, Williams ‘threw himself into this work with 
characteristic vigour’.  

Within a month or so Williams had installed a prototype of Blackett’s twin 
coil apparatus into a Royal Air Force (RAF) or RAE Avro Anson Mk I. In his 
1947 Royal Society obituary for Williams, Blackett wrote: 

an Anson was flying round Farnborough with an arrangement of air-
cored inductor coils connected to a galvanometer so as to read effectively 
the product of the velocity of the aircraft by the gradient of the 
horizontal component of the field in the direction of flight. The writer 
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remembers well the first flight with Williams a few hundred feet over the 
air-sheds, when we observed the characteristic signature due to the 
magnetic field of the building.337 

The Anson, although not positively identified, was likely to have been RAF 
N9882, one of RAE’s support aircraft (Fig. 34c). However, the Anson was not 
really suitable for the tasks and in March 1940 it was replaced by an Airspeed 
Oxford, which is likely to have been another RAE support aircraft, RAF V3781, 
but as with the Anson its identity has not been confirmed (Fig. 34d).338  

Williams’s prototype instrumentation on board the Oxford detected a 
400 ton submarine on the surface in tests near Portland, Dorset, from an 
altitude of 110 feet. Williams’s prototype system was built by The British 
Thomson-Houston Company Ltd (BTH) and the detected submarine was 
almost certainly an ‘H’ Class type (Fig. 34e).339 The exact location of the test 
area near Portland, not described in any reports sighted by this author, was 
found to be significantly free of geological interference and ideal for the 
purpose. It would be used again.340 

In early June 1940 Williams, representing RAE, approached RAF Coastal 
Command to consider experiments in a Short Sunderland flying boat.341 
According to him, on 3rd July an upgraded but still prototype system mounted 
in a ‘RAF Sunderland’ from Mount Batten flying boat base, Plymouth, 
detected a friendly submarine (again probably an ‘H’ class type) from an 
altitude of 160 feet. This was considered a great improvement on the Airspeed 
Oxford tests.342 Only Royal Australian Air Force (RAAF) No. 10 Squadron 
Sunderland Mk Is were based at Mount Batten at the time, and the identity of 
the Sunderland remains open; this author has inspected the squadron’s 
Operational Record Books (ORBs) and there is no mention of any flight on 
3rd July that could be considered a test flight – although ORBs did not 
normally record test flights.  

During the trials (which must have extended over some days) Williams 
tested both mumetal and less sensitive air-cored coils before deciding to 
proceed with the mumetal ones, despite the excessive background noise of the 
system.343 At the end of the trials, Air Marshal Philip Joubert de la Ferté 
(Joubert for short) requested that six sets of Williams’s instrument be obtained 
for experimentation,344 and in July the RAE made a formal order for them to 
BTH at their works at Rugby, Warwickshire (near Coventry).345 

In April 1940, and again in July, Williams had written progress reports on 
his experiments in which he included his calculations on the finite limits of the 
induction gradient technology. He also had written that typical operation 
conditions would make one of his early experiments – a method to measure 
aircraft speed through the earth’s magnetic field – impracticable. This was due 
(mostly) to the small voltage differences to be measured, and the need to 
maintain any inductor system in a level (or constant) plane. The air speed 
project was an interesting idea, but Williams had explained in his report why 
it would fail;346 he was very pragmatic. However, subsequent test flights did 
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take place from Farnborough. According to Flight Lieutenant Kevin C. Baff 
(in 1983) in his history of Royal Australian Air Force No. 10 Squadron,347 a 
short thirty-minute operational test of Williams’s system, by then identified as 
‘MDS’ (Magnetic Detection of Submarines), was made sometime between 3rd 
and 6th August 1940 from RAF Mount Batten (see map Fig. 35). RAAF 
No. 10 Squadron ORBs confirm at least one flight took place on 3rd August. 
Williams is thought to have personally installed the apparatus for this test – 
his third prototype – into No. 10 Squadron’s operational Short Sunderland 
Mk I flying boat N9050, piloted that day by Flying Officer Harry Havyatt and 
Pilot Officer David Stewart.348 N9050 at the time was readily identifiable by 
its hull code ‘RB*D’, and both newsreel and photographic images have 
survived (Fig. 36a).349 It is quite possible that N9050 was the unidentified 
Sunderland previously used by Williams for testing in early July. 

Williams experimented with induction coils with both mumetal and air 
cores during July and August, and he wrote that each had advantages and 
disadvantages. The coils with sensitive mumetal cores, for instance, were much 
more difficult to keep in balance but were much less bulky than those with air 
cores. At the time, he wrote that the best results from his prototype systems 
had been with those with air cores, which he described thus: 

Average diameter of coils = 8". 100,000 turns of 44 gauge wire (.0028") 
per coil. Total area of coil 105 x 300 = 3 x 107 cm2. Coils mounted at 
opposite ends of compressed paper tube (haefeley)350 84" long, 
7" diameter. Coils adjusted to equality by adjustment of auxiliary coil with 
axis parallel to main coils; adjusted to parallelism by adjustment of 
auxiliary coil with axis at right angles to main coils. Degree of out-of-
balance after adjustment about 0.0003. Whole unit including amplifier 
enclosed in a box with conducting surface.351 

This description of his prototype and precisely engineered airborne system is 
indeed a good record to have survived. His matter-of-fact switching between 
imperial and metric measurements is intriguing. 

Williams’s anti-submarine twin coil experiments were becoming more 
successful. There were a number of limiting factors, including finite physical 
and detection limits. Delicate and precise balancing of the two coils, the noisy 
electronics (valves; poor connectors), the excessive aircraft vibration and 
expected difficult operational conditions were all issues. The most serious 
issues, however, were the induced eddy currents in the steel fuselage structure 
(initially unidentified) and, most significantly, the need for absolute physical 
rigidity. In spite of these limitations, Williams wrote that this two-coil system 
was capable of obtaining measurements with a signal-to-noise ratio one 
hundred-fold better than that of a single induction coil.352 

Williams continued in his design work during the six months or so from 
the time he joined Blackett at RAE until his progress report on the subject in 
September 1940. He reported that he had trialled a variety of induction types, 
and he described his basic method this way: 
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The method depends on the induction by the magnetic field of the 
submarine of an e.m.f. in a circuit carried in the aeroplane. This e.m.f. is 
magnified by means of a valve amplifier with suitable frequency response, 
and then recorded on a cathode-ray oscillograph or a pointer meter. To 
counteract the effect of angular motion of the aeroplane the detecting 
circuit consists of two equal and parallel coils connected in opposition. 
Such coils balance each other’s effect when moved or rotated in the 
Earth’s uniform field, but respond to motion through a non-uniform 
field such as exists in the neighbourhood of a submarine. In practice the 
coils cannot be made exactly equal ...353 

Williams recognised fully the practical difficulties of balancing twin 
induction coils. Particular problems were the acceleration or deceleration of 
the detecting unit during irregular motions in-flight; that is, the bending of the 
apparatus mountings. Also, if mumetal was used as the instrument core, there 
would be actual internal strain within the mumetal itself. He also recognised 
the difficulties caused by the magnetism of the aircraft (static and induced), its 
own flexing, its pitching, rolling and yaw in flight, and the inherent background 
noise of the electronics. Williams took all this into account and determined 
that the maximum range for detection by his system would be around 200 feet 
and it would require a considerable increase in sensitivity, more than thirty-
fold, to be able to double that distance. Surviving Blackett correspondence 
confirms that documentation of Williams’s experimental work up to that time 
was taken to America with the Tizard Mission.354  

In his September 1940 report Williams wrote that his alternative MDS 
system with mumetal cores greatly increased the sensitivity efficiency, some 
twenty-five-fold. He described this system in some detail: 

Number of turns per coil = 500,000. 5 spools per coil. Mumetal rod  
30" long, ¾" diameter, as core for each coil. Total effective area =  
7 x 108 cm2. Separation of coils = 54". Coils adjusted to equality by 
adjustment of position of one spool of one coil on the mumetal rod core; 
adjusted to parallelism by 3 screw contacts on one end of one mumetal 
rod. Degree of balance attained = 0.001. Coils and cores fixed inside  
a haefeley tube 80" long 4" diameter.355 

According to Williams, with correct balancing, tuning and amplification, this 
system – soon to become known as ‘MDS Mark I’ (Fig. 36b) – was capable of 
detection to even greater distances, up to 230 feet. However, it was handicapped 
by severe system noise, particularly during manoeuvres. Williams first identified 
this in the Sunderland tests, and he had been surprised for he had not expected 
the problems he encountered. He considered modifying the tubes but was 
pragmatic enough to decide the air coils ‘with their greater bulk and smaller 
effective area, will have to be used’. 

At the time of writing his September 1940 report, Williams was generally 
satisfied that the tests were progressing well, and he continued to refine the 
system. Also at this time he made a test of his twin coil gradiometer compared 
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to a single induction coil when passing over a submarine (unidentified). He 
deduced that despite inherent difficulties in balancing a twin coil system it was 
definitely to be preferred to a single induction coil instrument under any 
conditions, but he suggested that the disturbances inherent in a single coil 
system could largely be reduced if the direction of the axis of the coil was kept 
constant by gyroscopic control. At that time, September 1940, this had ‘not 
yet been tried’. 

This gyroscopic method was somewhat similar to those being developed 
for various technologies by Sperry and GE in the USA. By mid-1941 Williams 
had determined that any attempt at such gyroscopic control for a single coil 
system would prove fruitless.356 

Williams also contemplated replacing the fixed coils in his gradiometer 
with rotating coils, but almost immediately he decided that such a change 
would not improve the signal-to-noise ratio in an aircraft and quickly 
abandoned the idea. 

In summary, by the time of his brief report in September 1940, Williams 
had in less than seven months, and starting from scratch, installed at least three 
prototypes of two different MDS twin coil gradient systems into aircraft. He 
made a further brief installation into a Sunderland at Mount Batten on 18th 
September to test new air coil amplifiers; these amplifiers were to be fitted to 
the first of the six sets ordered from BTH.357 At the time of the Sunderland 
tests Williams was already planning an installation into a Coastal Command 
Armstrong Whitworth Whitley bomber, and plans were also afoot, in the 
development, to correct a major weak link in the system – that of an accurate 
radio altimeter for low-level and night flying. Progress was to be made.358 

Records of the RAAF and RAF, along with later comments by Blackett 
and others, show that a third and fourth series of MDS operational tests took 
place in October 1940. On 5th October the RAAF No. 10 Squadron 
Sunderland N9048 (hull code RB*A) carried out a test under Williams’s 
supervision specifically for Coastal Command.359 The Sunderland (Fig. 36c) 
was piloted by the RAAF Squadron Leaders Charles Pearce and John Dibbs;360 
the MDS system operator, Dr G.E. Roberts, was described as ‘Williams’s 
offsider’. More about Roberts later.361 Four other scientific and operational 
observers were on board: Group Captain Frank Hopps, Squadron Leader 
Sidney Lugg, Squadron Leader Thomas (thought to be S.R. Thomas DFC, 
AFC) and Flight Lieutenant Rickard (possibly a typographical error; ‘Rickard’ 
was almost certainly Dr George Lawson Pickard, the scientific officer).362  

Blackett wrote that they successfully located a friendly submarine during 
this test (this author has not pursued its identification, but almost certainly it 
was an ‘H’ type submarine). It is known from RAE correspondence that a 
further test took place from Mount Batten: a flight was reported on 18th 
October although that particular test is not mentioned in RAAF No. 10 
Squadron ORBs. Six weeks later, on 27th November 1940 the RAAF 
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Fig. 35. The loca ons of the various MDS and MAD test areas, and the late 1943 – early 1944 high al tude  

(7000 feet) magnetometer survey over London, and the early 1945 English Channel MAD barrier patrolled by  

US Navy VPB‐63 Squadron detachment, and the associated experimental and opera onal bases in and around  

Great Britain during World War II. Compiled by this author.  
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Fig. 36a. Royal Australian Air Force 
No. 10 Squadron Short Sunderland 
Mk I N9050 (RB*D) and squadron 
personnel at RAF Sta on Mount 
Ba en, late May 1940. In August 
1940 this Sunderland carried the 
MDS Mark I prototype on test 
flights from Mount Ba en.  
Australian War Memorial 
SUK10938. Public domain. 

Fig. 36c. Royal Australian Air Force 
No. 10 Squadron Sunderland 
N9048 (RB*A). In early October 
1940 RB*A carried out pioneering 
MDS tests from RAF Sta on Mount 
Ba en and successfully located a 
‘friendly’ submarine. Australian 
War Memorial  SUK15112. Public 
domain. 

Fig. 36b. MDS Mark I schema c. Magne c Detec on of Submarines (M.D.S.), AIR 10/4021.  
The Na onal Archives of the UK (TNA). Licensed under the Open Government Licence v3.0. 
. 
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Appendix  C 
Selected events in the evolution of the airborne magnetometer 

1100s – 1949 
1100s  Over 100 Romanesque churches in Denmark aligned to the earth’s then 

magnetic inclination. 
1200s  Floating compasses used in underground mine surveying and tunnelling near 

Massa, Tuscany. 
1451   Georg von Peuerbach pocket sundial compass built with engraved 11 degrees 

East declination. 
1505   Ulrich Rülein von Calw treatise on mining and mining compass published. 
1510 circa  Georg Hartmann records that declinations differ between Rome and 

Nuremberg. 
1538–39  Navigator João de Castro records 43 declinations from Lisbon (Portugal) 

to Goa (India) and writes of erratic magnetic disturbances in rocks on the 
island of Chaul off India. 

1590s  Mining compasses crafted in Germany: held in Museo Galileo collection in 
Florence. 

1701   Edmond Halley compiles two maps showing contours of compass 
declination for the Atlantic Ocean and for the world. First contour maps of 
any matter, including topography. 

1719–23  William Whiston compiles the first magnetic intensity maps of south-east 
England by needle oscillation; he sends observers to sea with dip circles to 
expand his knowledge on the matter. 

1750–51  Reverend John Michell observes magnetic intensity underground in coal 
mines and gives first description of a geophysical traverse. 

1769   Frederick Mallet and others attempt simultaneous needle oscillations: 
differences are noted between values at Ponoi, Lapland, and St Petersburg. 

1770   30 May: Lt James Cook observes erratic rock magnetism on Pier Head, Quail 
Island, Queensland. 

1776   Jean-Charles de Borda observes different dip needle oscillations between the 
top of the volcano Teide and on the coast near Santa Cruz, Tenerife. 

1785   29 June: George Biggin and Mrs Laetitia Sage ascend in a balloon from 
St Georges Fields, London. While aloft, Biggin carries out an experiment or 
observation using a magnet. 

1785–86  Robert de Lamanon on the Lapérouse expedition observes dip circle 
oscillations on Tenerife (Aug 1785) and at sea on the Atlantic and Pacific 
Oceans (Oct 1785 to April 1786), and proves the earth’s total magnetic field 
intensity increases towards the polar regions. 

1792–93  de Rossel on the d’Entrecasteaux expedition compares dip circle 
oscillations between Recherche Bay (Van Diemen’s Land) and Ambon (East 
Indies). Confirms Lamanon’s discovery. 

1799–1804  Humboldt on travels across the Atlantic Ocean, Central and South 
America and Mexico observes dip circle and compass oscillations confirming 
Lamanon’s discovery. He identifies his crossing of the magnetic equator. 
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438 – see also below: indexes of people, places, aircraft, squadrons, ships, submarines 

General index 
Figure numbers are in bold; endnote numbers are in brackets.  

People, Aircraft, Squadrons, Ships, Submarines and Places (which are grouped under 
countries, continents or regions) are all listed separately at the end of this index

 

AB Trafik-Turist-Transportflyg: 277 

‘accumulators’: 23–25  

Adastra Aerial Surveys: 293, 294, 387 

Admiralty Research Lab (ARL): 339, 343 

Aero Service Corporation: 205–208, 226–
227, 233–235, 243–245, 257–259, 
288–289, 316–319, 323–327, 340, 341, 
345; legal agreement with Gulf 
Research 226; magazine Prop Wash 
316, 323; scrapbook 243  

Aeromagnetic Surveys Limited (ASL): 
274, 292 

aerostations: see balloons 

AGU (American Geophysical Union): 67, 
290, 302 

AIL (Airborne Instruments Laboratory): 
131–132, 137, 139, 153–154, 160, 164, 
192, 194, 222, 392; see also 
magnetometers airborne 

AirASDevLant, see also training: 153, 155 

airborne magnetic surveys:  

Africa: Lydenburg area 326; 
Mozambique 325, 326, 327; 
Pondoland 327; Pretoria 326; 
Rhodesia 325; Rustenburg 325; South 
Africa–Namibia 371; Tunisia 327; 
Vredefort Dome 371  

Australasia: Bass Strait and Encounter 
Bay 259, 260; Broken Hill area 383–
384; Mount Gambier 385; Great 
Barrier Reef 260; Middleback Range 
384; Otway Basin 385; Papua 293; 
Southern Cross 385; Sydney Basin 
387; Timor Sea 260; Whyalla area 
384–385  

Britain: Hickleton Colliery 378; 
Parsonage Colliery 369, 377; Oxford 
(test area) 366, 376; Reading (test area) 
366–368, 377; Snowdown Colliery 378  

Canada: Abitibi County 273, 322; 
Alberta 242; Amos 273; Arnprior 321; 
Arnprior, Carleton Place & Perth 267, 
268; Bancroft 324; Carp–Woodlawn 
265; Clermont 273; Clyde, near 
Ottawa, 264–265, 267; Earlton 319, 
322; Granville Lake 244; Kapuskasing 
317; Marmora 324, 328; Mingan, Lake 
Allard 244; Northern Ontario 242; 

Ottawa area 264–265; Porquois 
Junction 317; Renfrew 321, 322; 
Rouyn–Noranda 322; Senneterre 233, 
237; Sudbury 233, 243; The Pas 244; 
Wabowden 317–318; 1944 helicopter 
surveys 224 

Central region, Americas: Bahamas 
223, 257–260, 344; Bermuda 218; 
Colombia 246, 247; Cuba 259; Los 
Llanos, Venezuela 245; Nicaragua 327; 
Parícutin volcano, Mexico 248; 
Venezuela 246  

Europe: Sicily 327 

Pacific region: Bikini Atoll 218 

Russia and Scandinavia: Karelian–
Finnish 79; Kiiruna Luossavaara 276; 
Siberia 79  

USA: Aleutian Is. 217–218; Arizona 
237, 248; Big Horn Basin 215; 
Boyertown 206–207; Cincinnati 245; 
Clearfield–Philipsburg 226; Elk Lake 
245; Fairfax 286; Fox Lake 245; Glen 
Falls 244; Greensville 323; Gulf of 
Mexico 216, 247, 391; Harrisburg 323; 
Hilo 218; Idaho 286; Indiana region 
247, 316; Iron River 207; Iron Springs 
area 248; Kansas–Missouri–Oklahoma 
225, 247; Nemaha Ridge 289; Land 
O’Lakes 245; Laramie Range 286; 
Lexington 245; Magnet Cove 225; 
Michigan 248; Minnesota 248; 
Missouri 225, 247; Morgantown 323; 
Nevada 249; New Jersey 323; New 
Mexico 225, 241, 249; New York state 
225–226, 244, 323; Oswegatchie 208–
209, 210; Paducah 245; Pecos 316; 
Prince of Wales Is. 215; Reading 323; 
Syracuse 323; Tampa Bay 316; Texas–
Oklahoma panhandle 288; Wicomico 
and Worcester 208; Wolf Creek 245; 
see also airborne magnetic 
traverses/profiles; Project 
VOLCANO 

airborne magnetic surveys, pioneering: 
Britain submarine sanctuary 147; 
London 177–179; Margate 185; USSR 
78–81 

airborne magnetic traverses/profiles: 
Adak to Marshall Islands (Bikini Atoll) 
via Midway, Wake 218; Baryatinsk 
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