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Gerhard Fisher was wise to ignore some pretty weighty 
expert opinion about his prototype metal detector. 
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• 

-------- ~...J _____ - eer by Justin Pollard 
......................................................................................... 
A GARAGE INVENTION 
AND A NEIGHBOUR 
WITHOUT FORESIGHT 

ANYONE WHO has ever tinkered 
with an invention in their garage 
will be aware of the problem of 
having an interested neighbour, 
friend or 'expert ' come round to 
offer their help or, worse still, 
their opinion. All the put· upon 
inventor can do is shrug off 
such interferences, quietly 
reminding themselves that the 
invader of their garage has 
absolutely no understanding 
of what it is they're trying to do 
and will be proved spectacularly 
wrong in the long run. This was 
exactly the situation in which Dr 
Gerhard Fisher found himself in 
1931. The only problem was that 
the 'expert' who had turned up in 
his garage was Albert Einstein. 

Fisher was a German 
electronics engineer who had 
studied at the university of 
Dresden. In 1926, now living in 
the US, he became Frederick 
Kloster's assistant at the Federal 
Telegraphic Corporation at Palo 
Alto, California. 

Kloster had developed an 
electronic direction finder for 
the US Navy during the First 
World War and was now busy 

(/) improving and commercialising 
~ this device for the merchant 
u marine. Fisher expanded the use 

of this technology by beginning 
to experiment with airborne 
radio direction finding, but he 
hit upon a series of puzzling 
anomalies during testing. 

Pilots using the system found 
that it gave incorrect bearings 
when flying over certain areas. 
This deflection, Fisher noted, 
occurred when large metallic 
objects, such as corrugated 
iron roofs, came between the 
transmitter and receiver and 
when the planes flew over areas 
of highly mineralised soil. 

Like any good engineer, he 
realised that this problem was in 
fact the solution to another 
problem: thatof remotely 
detecting metals. 

Alexander Graham Bell had 
invented the first practical 
metal·detecting machine to 
solve a very practical problem. 
On 2 July 1881, US President 
James Garfield had been shot. 
The prognosis was not good. A 
number of doctors had fished 
around in the wound looking 
for the bullet bu t failed to 
find it. At this point Bell had 
appeared on the scene with 
a hastily concocted 'metal 
detector', which he claimed 
would locate the bullet. 
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This machine had worked 
perfectly in practice but 
Garfield's doctors were not 
convinced. When tried on 
Garfield the results were 
inconclusive, largely because 
he was resting on a bed with 
metal springs. When Bell asked 
that the president be moved, 
his doctors refused. Garfield 
developed blood poisoning and 
died just over two months later. 

Since that unfortunate 
occasion there had been very 
little interest in metal detection. 
Now though, Gerhard Fisher 
reasoned that if metals could 
distort the signal from his 
radio direction finder then it 
should be possible to construct a 
portable metal detector using a 
search coil resonating at a radio 
frequency. By 1925 he had been 
awarded a patent and in 1931 he 
opened the grandly named 
Fisher Research Laboratory. His 
research lab was, in truth, his 
garage and his manufacturing 
team consisted of just four 
people. However what they 
produced, the 'Metalloscope', was 
soon to become a huge hit. 

The potential market for 
detecting hidden metal was, of 
course, vast. There were mining 
companies who wanted to locate 
ore seams, then there was the 
military, which needed to locate 
mines in minefields. Then there 
was the potential, only realised 
much later, for scanning 
individuals for concealed 
weapons and finally the brand 
new field of remote sensing for 
archaeology. It was this last field 
that would really help to make 
Fisher's fortunes. 

Another US bUSinessman, 
Shirl Herr, who hadn't been quite 
as quick with his patents as 
Fisher, had already demonstrated 
the archaeological use of a metal 
detector during Mussolini's 

excavations of Caligula's barges 
in Lake Nemi. But it would be 
providing metal detectors for 
amateur enthusiasts that would 
really set the market aligh t. The 
idea of scanning the ground for 
long lost coins and relics proved 
irresistible to thousands of 
hobbyists who, for better or 
worse, now took to scouring 
archaeological sites in the hope 
of striking it rich. 

But in 1931, in Gerhard 
Fisher's garage, this was all 
still in the future. What was 
much more immediate was 
the arrival of Albert Einstein. 
Now Einstein's opinion onjust 
about anything was very highly 
regarded at the time. The man 
whose mind has spanned space 
and time must surely have 
wise and prescient words on 
just about any other subject. 
So Fisher asked him what he 
thought of his Metalloscope, 
the device that would soon 
revolutionise so many subjects. 

Einstein examined it and then 
announced that he didn 't think it 
would ever be very useful. So 
much for expert opinion. * 
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DIVINE MADMAN WHO 
MIXED OPERA WITH 
CIVIL ENGINEERING 

CAREERS TEND to have 
images attached to them. 
When you meet someone and 
they announce that they're a 
professional snowboarder it 
summons an image to mind of 
a young, tanned and athletic 
sort of person. Likewise when 
they say they're an engineer you 
imagine them standing next to 
a suspension bridge, possibly 
wearing a top hat, right? 

However appearances can be 
deceptive, and it's in the origins 
of the suspension bridge that we 
find one of the most unlikely 
engineers. So iconic is the 
suspension bridge as a symbol of 
engineering that lots of people 
claim to have invented it. from 
the 16th century Venetian bishop 
Fausto Veranzio to French 
entrepreneur Marc Seguin, and 
they al l had their part to play. But 
the origins lie further back with 
a very unlikely engineer. 

Thangtong Gyalpo was 
probably born at Olpa Lhartse in 
Tibet in the wood ox year of the 
sixth cycle, or 1384/ 85 as we 

<1l rather prosaically call it, and is 
~ perhaps best known today as one 
8 of the great masters of Tibetan 

Buddhism. Spreading Buddhist 
teachings around the mountain 
kin gdoms of the Himalayas in 
the early 15th century wasn't an 
easy task however. Whereas most 
lamas attempted to lead by the 
examples of prayer and 
meditation, Thangtong Gyalpo 
realised that in an inhospitable 
terrain a more practical 
approach might yield more fruit. 
So he set about bringing hi form 
of Buddhism to the mounta ins 
with the aid of two unusual tools: 
opera and suspension br idges. 

The need for bridges was 
obvious. The steep valleys of the 
Himalayas carried torrential 
rivers which divided the land and 
prevented both trade and 
communication. Ferries were a 
solution when the rivers weren't 
in spate, as were temporary 
wooden bridges, but when the 
snows melted these could be 
washed way. What was needed 
was a way of suspending a bridge 
without having to plant piles in 
the riverbed. Thangtong Gyalpo's 
answer to this problem was the 
chain-link suspension bridge. 
Whether he actually invented 
thi s structure must remain open 
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to debate although his skills as 
both a traveller and blacksm i th 
make him a good candidate, 

In 1B56 one of the early 
travellers through the forbidden 
kingdoms of the Himalayas, 
Father Evariste Regis Huc, 
de cribed his bridges: "To 
construct these as many iron 
anchors are a ttached on both 
sides of the r iver, as they have 
chains. Then the chains are 
stretched, and on top of the chain 
planks which are partially 
covered with a tier of earth are 
fastened. Because the e bridges 
are especially loose they are 
equipped with railings." 

Where bedrock lVas available 
near the river the chains could be 
attached directly to these. Where 
the river ran through a wider 
valley, the chains were slung over 
stone piers at each end and 
anchored to the ground beyond . 

The value of these suspended 
bridges was obvious. Without 
any part touching the river bed 
they were not susceptible to 
being washed away, provided the 
land piers were far enough back 
from the bank, The chain 
construction also allowed 
remarkably long spans to be 
built. The Chakzam Bridge has a 
central span of 137m. 

But how did this Buddhist 
lama gather the resources to 
build these structures? Iron 
production in the Himalayas was 
very much a local affair in the 
15th century, with individual 
smiths smelting high-grade ore 
in imple 'clamps' . Gathering 
enough ore to make hundreds of 
metres of chain was a challenge. 
So Thangtong Gyalpo did what 
any seU:respecting civil engineer 
with a supply problem would do. 
He inven ted a new form of opera . 

Ache Lhamo is a type of 
Tibetan folk opera devised 

purely for the purpose of raising 
funds to build bridges. To make 
sure these entertainments really 
brought in the crowds, and hence 
the money, one of Thangtong 
Gyalpo's biographers note he 
chose seven especially beautiful 
young women to perform them, 
with "beautiful figures, smiling 
faces, irresistibly att ractive 
looks, the you thfulness of the full 
moon and melodious voices. The 
mere sight of them disturbed 

• one's mental equilibr ium." 
The operas were a huge 

success and he is credited with 
the construction of lOB chain 
suspension bridges in Tibet and 
Bhutan, Even if we take the most 
sober estimate of his output, 
some 5B bridges can be identified 
as h is of which, astonishingly, a 
number are still in use, 600 years 
later. With these bridges he 
opened up his homela nd to his 
own branch of Buddhism as well 
as making the lives of the people 
immeasurably easier and safer 
and paid for it all through a nice 
night out. In recognition of his 
unusual approach, hi p ople 
gave him a title that would suit 
many a pioneering engineer ­
'the Divine madman'. * 
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Personal tragedy prompted Samuel Morse to investigate 
a quicker way of communicating important news. 
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CATION 

WHEN HORSE POWER 
SIMPLY WASN'T 
FASTENOUGH 

I RECEIVED a rather nice 
email this morning thanking 
me for a Christmas card that 
had just arrived at a fri end's 
house in Germany. My pleasure 
in receiving the email, which 
had travelled acros Europe in 
a couple of seconds, was only 
tempered by the fact that the 
card it mentioned had taken 
over a month to travel in the 
opposite direction. But it did 
remind me of one of the greatest 
changes of the modern era . 

For the vast majority 
of human existence, 
communication and travel were 
synonymous. If you wanted to 
tell someone something, you 
went to see them. Later it got a 
little easier and you could write 
down what you wanted to say. But 
someone still had to take your 
letter, by hand, to the addressee. 
Many might hark back to such 
s imple times when we weren' t 
endlessly checking our emails, 
but it did have its drawbacks, as 
Samuel Morse was to discover. 

w Like so many great engineers, 
~ Morse wasn' t an engineer at all. 
~ He wa a painter - rather a good 
~ one - and in 1825 he found 
2: himself in Washington DC 
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painting the feted Marquis de 
Lafayette. Lafayette had been a 
general in the American 
Revolutionary War and was, at 
the time. the 'national guest' of 
a thankful USA. 

He was also a very civilised 
chap and Morse got on well with 
him, so well in fact that he 
decided to write to his wife. 
Lucretia, who was back home in 
New Haven awaiting the birth of 
their third chilc\.it was a letter 
she would never read. The 
following day Morse received a 
letter by horse messenger from 
his father saying his wife was 
convalescing. This was quickly 
followed by another announcing 
that she was dead and would be 
buried by the time he read this. 

And so it proved to be. Despite 
rushing home Morse arrived to 
find his wife's funeral had long 
passed and he was a widower 
with three children. If only there 
had been a quicker means of 
communicating, he might at least 
have seen his wife one last time. 
But news in the USA in 1825 
travelled a t the speed of a horse. 

Morse did not immediately 
give up painting in favour of 
revolution ising communication, 

Com.petitlon 

What's this Morse Code 
operator thinking? The 
wittiest caption emailed 
to engtechrnag@theiet. 
org by 8 March wins a pair 
of books from Haynes . 

but he did travel widely in 
Europe, and there he was 
introduced to the latest forms of 
messaging - semaphore towers. 
He also attended lectures on the 
new discoveries being made in 
the field of electro· magnetism 
and, according to his journals, 
this got him thinking about poor 
Lucretia. As he said to a friend in 
Par is: "The mails in our country 
are too slow. This French 
telegraph [semaphore] is better 
and would do even better in our 
clear atmosphere than here 
where fog half the time obscures 
the skies. But this will not be fas t 
enough - the lightning would 
serve us better. " 

Not long after, Morse left for 
the USA aboard the ship Sully - a 
very dull and prolonged voyage 
made more bearable by the 
company of the scientist Charles 
T Jackson, the proud owner of a 
new electro· magnet. Th is gave 
Morse his great idea. Perhaps 
this could form the basi of a 
single·wire telegraph? 

Now th is is not the place to go 
into the furious patent disputes 
and claims of precedence that 
would erupt over the 
development of telegraphy. It is 
certainly not the case that Morse 
invented the telegraph. A French 
frictional telegraph had been 
demonstrated in 1774 and an 
English version in 1824. An 
American, Har rison Gray Dyar, 
had produced his own version in 
1826, something Morse probably 
knew very well as one of 
Harrison's closestfriends was 
Morse's brother·in·law. And we 
haven't even mentioned Charles 
Wheatstone and William Cooke. 

It's a lso worth remembering 
that Morse was not really an 
electrical engineer. He was a 
painter. When he did begin trying 
to build an electric telegraph the 
resu lt was a mach ine that simply 
didn't work. But not being an 

engineer would be something 
Morse could turn to his 
advantage. Had he been one he 
might have struggled on alone, 
but there was no shame in hi 
a king for assistance. So he did, 
persuading the head of the 
Smithsonian, Joseph Henry, the 
professor of chemistry at NYU, 
Leonard Gale and a brilliant 
inventor, Alfred Vail. to help him. 

It was the e men who tool, 
Morse's idea of instantaneous 
communication and made it 
real. Henry demonstrated the 
physics of a single earthed 
wire circuit and developed 
the wire insulation . telegraph 
pole insulators and designed 
the relays which prevented the 
signal fading over long distances. 
Gale sorted out the recording 
system and Vail invented the 
Morse Key for sending messages. 

Just who invented Morse 
code is a matter of conjecture, 
academ ic camp favour ing either 
Morse or Vail, but the simplicity 
of the system wou ld ensure its 
success. Within a few years the 
link between communication and 
travel would be broken forever. * 
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What does this woman 
think of Margaret Knight's 
invention? The wittiest 
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engteclunag@theiet.org 
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WHAT IS THE most ubiquitous 
item in US sitcoms? This was 
the thought that struck me as I 
sat in bed using flu as an excuse 
to watch shows that normally 
I'd be far too sophisticated 
ever to admit to viewing. Well, 
it's not Jennifer Aniston ; 
it's the humble paper bag. 

The flat·bottomed grocery bag 
is the star of US sitcoms. It 
provides most of the reasons for 
a new character to appear in the 
apartment, it gives people with 
too few lines something to hold 
and, just occasionally, it contains 
the plot point that moves us on to 
the next scene. 

It also has a history far more 
interesting than most of the cast. 
It's never been easy being a 
female inventor, so you can 
imagine how few people took 
12·year·old Margaret Knight 
seriously in 1850. Knight had lost 
her father when very young and 
her formal education had come 
to an abrupt end when the family 
ran out of money and she was 

i:J required to take a manual job in a 
~ mill. It was here, however, that 
6 she showed just the sort of 6 practical invention that would 
() mark her out from the crowd. 
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but the fundamental problem 
was that such complex feats of 
origami had to be achieved by 
hand . The whole point of paper 
bags was that they were cheap 
and plentiful. Handmade 
box·folded bags would be neither. 

The answer, which seems to 
have eluded the Columbia Paper 
Bag Company, was obvious to 
Knight. She would invent a 
machine to fold the bags. And so, 
despite having limited education, 
she went about building a 
prototype using wood offcuts. If 
the management were not 
particularly inventive 

~~~~~j~~~;j:i:£~,;£ 1 themselves, they could spot a 

Having witnessed a terrible 
accident in which a worker was 
hit by a flying shuttle, Knight 
promptly invented a restraining 
device to prevent it happening 
again. Being 12 she didn't think 
to patent the device and made no 
money from it. However, the lack 
of patent did mean that all the 
local mills took up the idea, 
which meant that many a mill 
worker had Knight to thank for 
saving them from a sticky end. 

But if Knight's fortunes were 
on the up, it didn't really show. 
After the Civil War she moved to 
Springfield, Massachusetts, 
where she got ajob working in 
the Columbia Paper Bag factory: 
In those days paper bags were 
simply cylinders of paper sealed 
at one end and so not much good 
for carrying anything more 
weighty than a birthday card. No 
one in Springfield seemed overly 
bothered by the fact that the bags 
were not terribly fit for purpose, 
but it did bother Knight. 

winner when they saw it and 
encouraged Knight take her 
designs to a Boston machine shop 
to have them made up in steel. 

This she did and the resulting 
machine was a huge success. So 
much so that Knight decided she 
would patent this device. It was 
at this point that it was brought 
home to her that if being an 
inventor was tricky, being a 
female one was almost 
impossible. Her patent 
application was refused on the 
grounds of 'prior art', the art in 
question being almost identical 
designs submitted by one Charles 
Annan that had been granted the 
patent instead. 

Knight was not someone to 
just back down meekly, however, 
and she promptly sued Annan for 
patent interference. This didn't 
overly bother the interloper, 
whose case in court was very 
similar to many others of the day: 
He argued that Knight was 
clearly a woman and a working 
class one at that and, as such, was 
hardly likely to be capable of 
inventing anything useful. 

She imagined how much more 
useful a bag with a flat bottom 
would be for carrying groceries. 
This was not impossible even 
then. The box-fold needed to 

Fortunately Knight not only 
had spirit but friends. A 
cavalcade of witnesses were 

make a flat base was well known, called by her, from her bosses at 

the paper bag company, who 
confirmed when they had first 
seen her plans, to her landlady 
who testified to the hours spent 
perfecting the wooden model in 
her lodgings. The Boston 
machine shop could further 
attest to the presence of one 
Charles Anna hanging around 
while they were building the 
steel prototype. Knight won her 
case and was awarded only the 
second US patent ever granted to 
a woman. 

With patent in hand she set up 
the Eastern Paper Bag Company 
in Hartford, Connecticut. Thanks 
to the royalties from there she 
finally had the time to dedicate 
herself to full-time inventing. By 
the time she died in 1913, aged 76, 
she had at least another 25 
patents to her name and was 
working on what the New York 
Times claimed was her 89th 
invention. 

Her first bag-folding machine 
is now in the Smithsonian and 
her bags are ubiquitous around 
the world taking everything 
from minor roles carrying 
groceries to starring in major 
US sitcoms. * 
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In ancient China, large-scale civil engineering 
efforts weren 't confined to wall building. 

TheEccentric ., • 
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THE UPS AND 
D OWNS OF A TRULY 
GRAND CANAL 

NA M E A 1.795km-long a ncient 
engineering project in China 
which is s till in use today? It 's 
not that poster child of Chinese 
engineering, the Great Wall, 
but its fa r less well known, 
yet arguably more important 
cousin, the Grand Cana l. 

The origins of the Grand 
~ Canal lie deep in a ntiquity a nd 

stem from the country's ve ry 
particular geography. ChIna 's 
grea t rivers fl ow from wes t to 
east , but resources need to flow 
from south to no rth as the 
southern gram be lt feeds the 
north. The solution, according to 
the Grand His tor ian Sima Qin, 
writing in the 2nd century BC. 
came as ea rly as 21st century BC 
when the legendary emperor Yu 
the Grea t decided to link the 
rivers wi th art ificia l water ways. 
Qin may have been exaggera ting 
a bit, but what is not in doubt is 
tha t by his day the Grand Canal 
scheme was already underway. 

Work had begun in the spring 
and autumn period in486 Be 
under the direction of King 
Fuchai of Wu. At the time China 
cons isted of many states, often at 

w8~ war wi th each other, and Fuchai 
was engaged in a campa ign 

aga inst the Q.i and needed to 
provide supplies fo r hi s troops as 
they moved nor th out of Wu into 
the states of Song and Lu . 

His solution was the Han Ga ll 
(Cana l of the F'lying Geese), a 
wa terway that linked the Yangtze 
and Huai rivers us ing natura l 
watercourses and marshes where 
possible but connected with new 
canals. It was a clever piece of 
engineering and Fuchai was duly 
victorious although, as was often 
the case, he did n't enjoy his 
victory for long, commiting 
s uic ide after his s tate was 
annexed by another warring 
nation. His canal did conti nue to 
enjoy success, however, 
provid ing wea lth as southern 
grain could be traded with the 
north. But)n a divided China 
there was li tt le thought of 
ex tending the projec t for nearly a 
millennium. 

Fina lly. in S81A D. as the first 
emperor of the Sui dy nas ty 
unified the norther n and 
sou thern provinces. plans were 
la id to massively ex tend the 
Gra nd Canal. The New Bian 
Cana l was built pa ra lle l to an old 
5th century BC waterway which 
had become silted and unusable 
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in parts, then be tween 604 and 
609 work began to link the New 
Bian and King Fuchai's canals 
with hund reds of miles of new 
waterway to connect Beijing 
w ith Hangzhou. more than 1.700 
miles to the south. 

Us ing perhaps six mi llion 
conscripted labourers. a 
thousand kilometres of new 
cana l and canalised r iver was 
constructed. The technological 
achievement was astound ing, 
creating a Oat, navigable 
wa terway, in places over 100m 
wide, across mOUllta in and plam. 
Twenty·four 'Oash' locks. 
cons isting of a s ingle ga te made 
of wooden boards which cou ld be 
removed, enabled vessels to shoot 
down the incline on the flash 
Oood of wate r released. For 
barges travel I ing upstream the 
ga te wo uld be removed and the 
barge towed or winched through. 

Next to the waterway was an 
imperial roadway, lined with 
willow trees, making this an 
informa tion highway as we ll as a 
trade route. By 609. with mos t of 
the major sect ions complete. the 
Emperor could lead a 
65·mile-long flotilla from the 
north down to Yanzhou to 
celebrate the opening of the Ill OS t 
economically important trade 
arte ry in the country. 

The vast expenditure on the 
Grand Canal (and rebuilding the 
Great Wall and many pa laces) 
didn't endear the Sui to its people 
and the dynasty co llapsed in 619. 
This was splendid news for the 
succeeding Tang dynasty who 
couldn 't be blamed for the cost 
bu t benefited from the revenues 
of the new canal. By 735, 165,000 
tonnes of gra in was shipped 
every year along the wate rway. 

Since then the fortunes of the 
Canal have swung violently. In 

the 12th century large areas 
a round it were deliberately 
fl ooded to hold back invaders, 
rendering the water way useless. 
and in 1195 the meandering 
Yellow Ri ver changed its course 
disconnecting the canal from one 
of its majo r arteries. 

But the Grand Canal was not 
ye t dead in the water. In 1934 ship 
locks were added to allow larger 
steamers to use the canal and, 
after the founda tion of the 
People's Republic of Ch ina , a 
full -scale res torat ion project was 
begun to turn the canal into a 
major modern transport link. 

Today, with the ecological and 
economic costs of road and ra il 
transport increas ing, the Grand 
Canal is coming back into its 
own. Its ancient course continues 
to be dredged and straightened, 
whi le a scheme to improve water 
quality has made it s historic 
banks the home to some of the 
most expensive apa rtmen ts in 
the coun try. * 
CAPTION PRIZES 

BAGABOOK 

This month's competition 
winner will receive copies 
of the 'Thunderbitds Agents ' 
Technical Manual ' and 'The 
Bike Book', two new titles from 
the ever-expanding range 
of Haynes Manuals (haynes. 
co. uk). Winner of our March 
2013 issue competition is 
Ian Hutchinson with 'I wish 
I'd charged my iPhone'. 
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Today's London Bridge is the latest in a series of structures that have risen, 
fallen , risen again and even been sold to an American entrepreneur. 

TheEccentric 
eerbyJuslin Pollard 
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THE BRIDGE THAT 
WOULDN'T GO DOWN 
WITHOUT A FIGHT 

LONDON BRIDGE is not 
currently falling down, whatever 
the nursery rhyme might tell 
you, but this London artery has a 
precarious engineering history. 

London Bridge created 
London. First constructed on the 
site of a natural prehistoric 
causeway, an opportunistic 
settlement at the north end of the 
Roman bridge marks the 
beginning of the city. The first 
permanent bridge, probably built 
around 55AD didn't last long, 
however, as Boudicca destroyed 
it within five years. The Romans, 
never ones to give uP. promptly 
rebuilt it and it survived well 
past the Roman period, although 
as Anglo-Saxon Britain 
fragmented into small kingdoms 
it once again began to fall down. 
It was Aethelred the Unready, 
defying his name, who probably 
rebuilt it, only for it to be 
knocked down within 25 years. 

William the Conqueror, keen 
to show off Norman engineering, 
rebuilt it but hadn't bargained 
with the London tornado of 1091, 
which knocked the wooden 
structure down like a handful of 

U~ matchsticks. William's son, 
imaginatively also called 
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William, built it back up, 
although it was destroyed again, 
this time by fire, in 1136. 

By now you might think that 
everyone would just give it up as 
a bad idea and invest in a boat , 
but Henry II had other ideas. 
After his spot of bother with 
Thomas Becket, he ordered the 
construction of a stone bridge 
centred on a chapel at St Thomas, 
which marked the official 
starting po int of the pilgrimage 
to Canterbury (not the Tabard 
Inn, whatever Chaucer said). 
This stone bridge, built by Peter 
of Colechurch, was a huge 
success. In fact , too much of a 
success. Its refusal to burn down 
or blow away meant the crossing 
became ever more congested 
with houses and public latrines, 
which seemed to grow back in 
greater abundance every time a 
fire swept some of them away. 

By Henry VIII 's reign there 
were over 200 houses and shops 
on the bridge, leavingjust a 4m 
wide, tunnel-like passageway. 
Waterwheels, installed by Peter 
Morice to pump culinary water 
to London, made the bridge even 
more dangerous, restricting the 
water now between the piers. 

Competition 

What are these ladies 
saying fr9m their vantage 
point above London 
Bridge? The wittiest caption 
emailed to engtechmag@ 
theiet.org by 14 June wins a 
pair of books from Haynes. 

This made a difference of up to 
2m in water height between each 
side of the bridge, creating 
deadly rapids. Adding to the 
bridge's deadly reputation was 
the southern gatehouse, where 
arrivals were treated to a display 
of the boiled and tarred heads of 
traitors. Welcome to London! 

Something had to be done to 
improve transport over (and 
under) the bridge, but not hing 
was tried for another 150 years 
until finally an Act of Parliament 
decreed the removal of all the 
houses and the insertion of a 
wider central arch. What the 
removal of the houses did show 
was that London Bridge was, 
once aga in, falling down. 

In 1799 a compet ition was held 
for designs for a new bridge, 
inspiring Thomas Telford to 
propose an ambitious single-span 
iron bridge. This was rejected as 
being merely fanciful. Instead, 
Scottish civil engineer John 
Rennie the Elder 's more 
conservative design of five stone 
arches was accepted. Rennie had 
already built the new Waterloo 
and Southwark bridges and his 
solid style was felt appropriate to 
ensure that London Bridge didn't 
fall down again. Sadly he died 
before it was finished , but his son 
took over and on 1 August 1831 
William IV opened the bridge. 
The first sh ip to pass under was 
the newly built HMS Beagle. 

And there the story should 
have ended. Rennie's bridge 
proved a success but quickly 
became congested. Worse still, by 
1924 engineers noticed that it 
was, again, falling down. This 
t ime it was sinking, the east side 
having sunk 9cm more than the 
west. It needed replacing. 

Here, the last great myth of 
London Bridge comes into play. 

In 1967 the owners decided that 
such a famous monument might 
be saleable so they put it on the 
market. To their surprise, 
American entrepreneur Robert P 
McCulloch of McCulloch Oil 
bought 'New London Bridge' for 
$2,460,000 as the centerpiece of 
his model community at Lake 
Havasu, Arizona. With many not 
seeing why he would buy an 
ordinary granite bridge and ship 
it a ll the way to the US, the story 
grew that McCulloch thought 
he'd bought Tower Bridge. This 
was, of course, nonsense. No-one 
buys a bridge without looking at 
a picture of it first. 

So New London Bridge was 
dismantled and its gran ite skin 
sliced off and sent to Arizona to 
be placed on a preformed 
concrete and steel framework. 
Aga in, contrary to popular belief, 
the new owner was not daft 
enough to ship an entire bridge 
across the Atlantic. 

In London, 'Modern London 
Bridge' , commissioned from 
Lord Holford, opened on 17 
March 1973. Despite being hit by 
a British frigate in 1984, this 
bridge has yet to fall down. * 

CAPTION PRIZES 

BAGABOOK 

This month's competition 
winner will receive copies 
of the 'Thunderbirds Agents' 
Technical Manual' and 'The 
Bike Book' , two new titles from 
the ever-expanding range 
of Haynes Manuals (haynes_ 
co. uk). Winner of our April 
2013 issue competition is Guy 
Williams with 'These paper 
grocery bags are jolly useful, 
but I wish 
someone 
would invent 
online 
shopping­
my feet are 
killing mel' 
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British roads aren't perfect, but clever engineering 
means we have a smoother ride than our ancestors. 

TheEccentric 
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DON'TBLAME 
MCADAM FOR THAT 
PEELING FEELING 

AFTER A WINTER of rain and 
frosts - come to think of it, after 
a spring of rain and frosts - the 
roads around here are look ing 
like the face of an incautious 
sunbather. Layer after layer of 
tarmac has peeled away to reveal 
long-lost road surfaces below, 
and that has got me thinking 
about the man behind tarmac. 

John Loudon McAdam 
(1756-1836) actually had nothing 
to do with what we call tarmac, 
and which generally these days 
isn 't really tarmac at all . 
McAdam came from a well-to-do 
Scottish family (his fa ther was 
the laird of Waterhead) whose 
business interests were not 
always rock solid enough to 
ensure he would never need a job. 

So McAdam made h is own 
fortune in the New World during 
the Revolutionary War before 
returning home to buy an estate. 
As a man of position, McAdam 
took on various trusteeships 
with the turnpike trusts that ran 
much of Britain's famously bad 
road system. The last really good 
roads in Britain had been built 
by the Romans and even those 
were intended more for tax 
collectors and legionaries than 
commerce, so increasing road 
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transport was taking an 
intolerable toll on road surfaces. 

In 1764, Frenchman 
Pierre-Mar ie-Jerome Tresaguet 
had tried to systemise road 
building by laying down 
procedures for building up road 
surfaces in layers to spread the 
weight of traffic across the 
ground, but his insistence on 
building his roads in trenches 
meant they were rather prone to 
flooding and, indeed, simply 
being washed away. In Scotland 
Thomas Telford made significant 
improvements, not least by 
putting his roads above the 
surrounding ground level, but 
his intricate system of hand-laid 
shaped and graded stone 
foundations made his roads 
extremely costly. 

And so, on to the potholed 
scene rode McAdam. He took the 
time to look at the current road 
smfaces and the effect that 
various types of traffic had on 
them. In particular he noticed 
that the naITOW, solid tyres of 
coaches seemed to damage areas 
of larger stones more than those 
of gravel and stone chippings. 
Th is went against the general 
thinking of the day which stated 
that roads should be paved with 

Coanpetltion 

What might this 
roadmender be thinking? 
The wittiest caption 
emailed to engtecrunag@ 
theiet.orgby 12]ulywinsa 
pair of books from Haynes. 

stones that were wider than the 
tyres runn ing on them. 

So McAdam drew up a system, 
published by a government select 
committee on turnpikes, in 
which the road surface was made 
up of graded layers of small 
irregular stones, broken by hand 
and compressed so they locked 
together to form a hard surface 
that was not only much stronger 
than Telford's hand-cut roads but 
also a lot cheaper. 

The top layer of stones had to 
be no more than around 2in 
across and weigh ing less than 
60z. To ensure workmen kept to 
th is size, McAdam suggested a 
neat little rule of thumb - every 
stone had to bejust small enough 
to fit in the workman's mouth. 
This must have led to many a 
double· take when passers-by 
happened upon McAdam's road 
builders. He also ensured that his 
roads were raised above ground 
level and had a slightly crowned 
cross sect ion to encourage water 
to run off into ditches placed 
clown either side. 

This process was called 
'McAdamisation' and it proved a 
huge success, although you'll 
notice there was not a whiff of 
tar about it. That's because 
McAdam didn't use tar. In fact , he 
thought that filling between the 
stones would be a terrible 
mistake. Of cour e, this didn' t 
stop other road builders using 
sand or clay to bind it togethel: 
but while it was noted that this 
helped protect the surface it 
made the roads exceptionally 
dusty. What was needed was a 
waterproof, dust-free filler. 

The man who would do that 
was Edgar Hooley (1860-1942), a 
road engineer and surveyor. He 
noted that the increase in tl'affic, 
something he saw as inevitable, 
was damaging McAdamised 

roads partly through wear and 
partly due to the relatively fast 
cars 'sucking up' the road 
surface as they passed leaving 
thick layers of dust or mud. 

His answer, patented in 1902, 
was to mix the hard road surface 
with tar (and a little Portland 
cement, resin and pitch) to make 
an impervious, dust-free layer. 
Better still, the hard pieces he 
used were not the expensive 
hand-broken rocks but 
blast-furnace slag - previously a 
rather useless waste material. 
And so, with the help of a 
wealthy MP, tarmac was born. 

Not that tarmac is used on 
today's roads. That is usually 
asphalt concrete, invented by 
Belgian Edward J de Smedt in 
1870 and made by combining 
asphalt with aggregate. Cheap 
and hard-wearing, it is prone to 
crocodile cracking, shoving, 
rutting, potholing, raveling and 
tripping if not laid well or if 

overstressed. Judging by the 
road outside, these are all terms 
we're likely to hear a lot more. 
Just don't blame McAdam . * 
CAPTION PRIZES 

BAGABOOK ' 

This month's competition 
winner will receive copies 
of the 'Thunderbirds Agents' 
Technical Manual' and 'The 
Bike Book' , two new titles from 
the ever-expanding range 
of Haynes Manuals (haynes. 
co. uk). Winner of our May 
2013 issue competition is 
Sinclair Gair with, "I told you 
we should have invented 
the steam engine first" , 
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