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Anders Celsius was an eminent astronomer, but today he is better known 
for his contribution to the scientific measurement of temperature. 

TheEccentric 
t£rby Justin Pollard 

THE STARGAZER WE 
REMEMBER IN EVERY 
WEATHER REPO~T 

NOW IT'S WINTER, I spend a 
lot of time tinkering with the 
weather station in the garden. As 
everyone in Great Britain knows, 
there's nothing quite as exciting 
or newsworthy as knowing how 
cold it got last night or how much 
rain fell in the last \Yeek. Yet it's a 
field awash with strange units of 
measurement. I grew up learning 
centigrade, but my father still 
insists on using the utterly 
unfathomable Fahrenheit, while 
the children tell me it's Celsius. I 
thought it might be time to define 
our units. 

Anders Celsius didn't start out 
yearning to get a scientific unit 
named after him, though coming 
from a long line of Swedish 
scientists he followed his father 
into the field of astronomy: The 
early 18th century was still an 
age when astronomers were 
struggling with getting their 
basic definitions right. Exactly 
what shape the earth might be 
was a particular interest of 
Celsius and, being a man of 

"' action, he led an expedition to 
~ Lapland to measure the length of 
v, a degree along the meridian near 
"' ~ the Pole which he could compare 
25 to a similar measurement made 

earlier in South America. The 
results showed the earth to be an 
ellipsoid- something Newton 
had guessed from a pub in 
London without feeling the need 
to travel to the land of the 
midnight sun. However, someone 
had to check it wasn't just the 
beer talking, and that man was 
Celsius. He went on to establish 
the observatory at Uppsala and 
make the first attempts to define 
star magnitudes but, perhaps 
inspired by those long nights in 
Lapland, his particular attention 
turned to one of the simplest 
questions in science. What is the 
temperature? 

· Since the 16th century there 
had been devices for measuring a 
change in the temperature, 
pioneered by Galileo, or possibly 
his friend Sanctorius of Padua, 
but these thermoscopes didn't 
give you an absolute value. 
Gabriel Fahrenheit, a Hanse 
merchant-turned-glassblower, 
had gone one better in 1724, 
determining a temperature scale 
based around three reference 
points: a mixture of ice, water 
and table salt (0°F), the point at 
which ice begins to form on still 
water (32 °F) and under the arm 
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(96°F). None of these points are 
terribly easy to define and the 
numbers are not particularly 
easy to use. This got Celsius 
thinking about an improved 
international scale. 

He set up a series of 
experiments into what might 
affect the freezing and boiling 
points of water to see whether 
these could be standardised and 
used for measurement of 
temperature. His tests showed 
that the melting point of ice was 
little affected by atmospheric 
pressure, but that the boiling 
point of water was dependent on 
it following a predicable rule. 
Hence if he could standardise the 
pressure, he could graduate the 
interval between the freezing 
and boiling points of water. This 
he did with a splendidly 
convenient scale of 100 units, 
using mercury as his material for 
measurement. The only fly in the 
ointment was that he called the 
freezing point 100° and the 
boiling point 0°. Perhaps not 
wishing to hurt the great man's 
feelings Carl Linnaeus, a protege 
of Celsius's uncle Olaf, waited a 
year after Celsius's death before 
suggesting that it might be a 
shade more convenient for taking 
measurements if the scale ran 
the other way round. Everyone 
quickly agreed. 

What to call it? Celsius called 
his scale 'centigrade' for obvious 
reasons, but other scientists 
referred to it as 'the Swedish 
Thermometer'. Of course there 
were other similar scales. 
Jean-Pierre Christin's 'Lyon 
thermometer' had a scale that we 
would consider the 'right' way 
round, but the term 'centigrade' 
seemed the least partisan and 
this stuck right up until 1948. 

This didn't please everyone of 
course, as 'centigrade' was also 
the term in Spanish and French 

for a metric version of angular 
geometry whereby a right angle 
consisted of 100 degrees. Whilst 
this might not have bothered the 
engineer in the street, it bothered 
the Co mite international des 
po ids et mesures and they decided 
to grant the laurels of the SI 
temperature scale to Celsius. 

This simple Celsius system 
survived until the 10th General 
Conference on Weights and 
Measures in 1954 when it was 
agreed something a little more 
exact was needed. Since then, the 
reference points have been 
absolute zero, which is defined as 
- 273.15 °C, and the triple point of 
so-called Vienna Standard Mean 
Ocean Water which, just to put 
the cat amongst the pigeons, isn't 
0°c , but 0.01°c . This linked the 
old scale with the base unit of 
thermodynamic temperature, 
the kelvin, but for everyday use 
Celsius still takes the credit. * 
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! We look at the theory of queuing from 
! the engineering point of view 

TheEccentric 
eerby Justin Pollard 

l······························································-----

i WHEN LAST-COME· 
i FIRST-SERVED MIGHT 

j THE BRITISH, it is often 
i claimed, love queuing, although 
i I might argue that the fact that 
j we do it doesn't necessarily mean 
i we enjoy it. We occasionally get 
i teeth pulled, but we don't do it 
j forfun. 
i There is a lot an engineer can 
i bring to the study of queuing. 
j The godfather of queuing theory 
i was engineer and mathematician 
! Agner Krarup Erlang, who also 
j founded the study of traffic 
i engineering, so clearly enjoyed 
j waiting in line. 
i It was thanks to a chance 
i meeting in 1908 with the chief 
j engineer of the Copenhagen 
i Telephone Company that Erlang 
i became interested in queues. At 
! this time, making a phone call 
j involved calling a human 
i operator and then waiting in a 
i queue while they found a free 
j line to plug you into. Erlang 
i investigated how to calculate the 
i number of circuits a company 
j would need to provide a 
i serviceable telephone operation 
i and how many operators would 
j be needed to cope with a given 

en j volume of calls on that system. 
ill ! This led to his great work on 
8 i queueing: 'Solution of some 

Problems in the Theory of 
Probabilities of Significance in 
Automatic Telephone 
Exchanges', which I have never 
been in a queue long enough to 
consider reading. 

One of the greatest questions 
Erlang came across was simply: 
"Whom do you serve first"? For 
those of us brought up with 
polite British queues, that would 
seem obvious - you serve the 
person first in line first, then the 
person behind them and so on. 
This is known to queuing 
specialists as a FIFO- First In 
First Out- where everyone gets 
served in the order they arrived. 

However, if FIFO is fair, is it 
fast? There are many other ways 
of serving a queue, it turns out. 
In computing, the apparently 
iniquitous Last In First Out 
(LIFO) system or 'stack', as 
proposed in 1946 by Alan Turing, 
would seem to be outrageously 
unfair, unless you're a computer 
algorithm. However, it turns out 
even for human queues this 
might actually be quicker. A 
University of Southern Denmark 
team has recently been 
investigating the standard dull 
human queue, the sort we spend 
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an alarming four years of our 
lives standing in (not all at once 
you understand). They were 
looking at a particular type of 
queue where a service point 
opens at a set time and closes 
when everyone in the queue has 
been served. The organisers of 
the service have various options 
in this situation. They might go 
for a queue-less race and let 
everyone dash for the service 
point the minute it opens, 
possibly getting into a fight in the 
process. They might prioritise 
people using the service, say 
serving those who paid most 
first, or those who needed most 
help. They might even serve 
those who seem likely to take the 
least time first, but what usually 
occurs is they go for FIFO as that 
seem fairest. The Danish team 
tried all these options, but then 
tried the queue that dare not 
speak its name - the LIFO -
Turing's 'stack'. Surprisingly 
this turned out to be the fastest 
way to get everyone served and 
resulted in the lowest average 
queuing time for individuals. So 
how can this be? 

Professor Lars Peter Osterdal, 
who led the team, suggests that 
knowing that the last person in 
the queue would be served first 
changed the behaviour of the 
group. As there was no benefit to 
arriving early; people arrived 
later and in a more staggered 
fashion. This meant the queue 
was shorter. Of course it only 
worked when people knew that 
the last arrival would be served 
first. Otherwise there was an 
awful lot of 'tutting' and such a 
system is always open to abuse. 
In fact, the Danish team admit 
that in the real world the 
perceived unfairness of the 
system might counter its 
improved efficiency. However, 
where it might work is when the 
queue is not visible. When in 

telephone or online queues, we 
have no way of knowing what 
queuing system is in operation. 

Of course there is one final 
option - cheat. Stanley Milgram, 
inventor of the famous 'Milgram 
experiment' into obedience to 
authority also investigated queue 
jumpers. He had his assistants 
push in to 129 queues around 
New York with no more than an 
"Excuse me, I'd like to get in 
here" and the results were rather 
surprising. In only 10 per cent of 
cases were the queue jumpers 
actually ejected from the line and 
in only half the cases did anyone 
say anything at all. If the jumper 
pushed in front of a stooge placed 
there by Milgram who then 
didn't complain, only 5 per cent 
of the time was anything said. 
However, if two assistants 
pushed in together, 91 per cent of 
times people reacted. So it would 
seem a pretty good bet to politely 
push in, but only one at a time. * 
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! Navvies have never been as celebrated as they deserve. Britain 
! would have been a poorer place if it hadn't been for the 
' 19th-century labourers who changed the face of the co:untry. 

TheEccentric 
eerby Justin Pollard 

THE MAGNIFICENT 
MEN WHO BUILT 
BRITAIN'S RAILWAYS 

! SITTING ON a train going up 
! to London I couldn't help but 
! notice the sheer scale of the 
j topographical and geological 
! engineering that had been 
! employed to make it possible. 
j Early locomotives didn't like a 
! gradient or bend, so 19th-century 
! railway lines are often very 
j straight and level. Where the 
! land dips, the track is built up; 
! where a hill intervenes it's 
j simply sliced in two. Bridges, 
! viaducts and tunnels add to the 
! single-minded direction of the 
j lines and must represent some of 
! the greatest engineering feats of 
! all time. However, I don't want to 
j talk about the engineers behind 
! these extraordinary schemes. 
! For a change I'd like to look at the 
j people who actually built them. 
! There are a lot of misconcep-
! tions about the builders of 
j Britain's railways. Firstly they 
! weren't all Irish migrant workers 
! (in fact only about 30 per cent 
j were of Irish origin). Most were 
! English manual labourers - the 
j sort of men who, in the first half 
! of the 19th century, were 

Ul ! increasingly pushed off the land, 
~ ! but the building of canals of the 
8 i Industrial Revolution had given 
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them a new line of work. These 
inland 'navigations' that they 
largely dug by hand had also 
given them their name - navvies. 

As rail mania replaced canal 
building, demand for these 
navvies exploded, with 250,000 
being employed by 1850- more 
than were in the Army and Navy 
put together. The scale of 
engineering required to drive a 
railway through the British 
countryside required a large 
amount of physical labour. 

Peter Lecount, an assistant 
engineer of the London & 
Birmingham railway built in the 
1830s, boldly claimed this was 
"the greatest public work ever 
executed". He also suggested that 
the effort to build the Great 
Pyramid of Giza amounted to the 
lifting of 15, 733 million cubic feet 
of stone by one foot, whereas his 
railway required the equivalent 
of lifting 25,000 million cubic feet 
of material to the same height. 
Furthermore, he proudly asserts, 
Herodotus claims 100,000 men 
spent 20 years on the Great 
Pyramid (though Herodotus was 
guessing wildly of course), 
whereas the London to 
Birmingham was completed by 

What's going on here? The 
wittiest caption emailed to 
engtechmag@theiet.org 
by 9 March 2016 wins a pair 
of books from Haynes. 

20,000 men in five years. Even 
allowing for some hyperbole in 
Lecount's calculations, it was an 
extraordinary feat, made more so 
as the manual lifting work was 
carried out with almost no 
mechanical aids, using tools that 
would have seemed startlingly 
familiar to a pyramid builde1~ 

We might imagine that the 
navvies were extraordinary in 
themselves. As they moved 
through rural communities, 
there are claims that local farm 
labourers, taken on as casual 
hands, were exhausted after just 
a quarter of the day's work 
(around 20 tons of earth-moving 
on average per person), and farm 
labourers were hardly slouches. 
Conditions at night were also 
poor, with most navvies living i11-
temporary 'shanties' built near 
thetracks.Packedtogetherin 
small spaces with little in the 
way of sanitation, fatal 
outbreaks of typhus, cholera and 
dysentery were common. 

Until the second half of the 
19th century, there was no 
compensation for injury or death 
and the great engineers on the 
projects, including Brunel, 
shamefully resisted attempts to 
improve working conditions. 
Three accidental deaths per mile 
was considered an acceptable 
level of loss, and it was said that 
navvies building the Woodhead 
Tunnel through the Pennines 
had a higher casualty rate than 
British soldiers at Waterloo. 

Nor were the navvies very 
welcome in neighbourhoods. 
With a reputation for hard 
drinking and fighting, they were 
often viewed with moral 
suspicion by the middle classes. 
Various attempts to evangelise 
the navvies were made and 
employers took to issuing food 
tokens instead of a portion of 
pay to ensure that not everything 
was spent on alcohol. Yet the 
fighting, drunken, heathen 

navvy was not the norm. Many 
were family men with their 
families in tow. Boys younger 
than 10 worked with their fathers 
alongside 'old men' of 60. Some 
had been driven to the work by 
rural poverty or the Irish potato 
famine, but it was not an 
unskilled or badly paid job. It 
took a year to train a navvy and 
good gangs were highly sought 
after, commanding up to 
30 shillings a week, or three 
times a rural labourer's wage. 

The era of the navvy really 
ended with the century and the 
last of the great railway projects. 
The remaining navvies then 
followed the work where they 
could, digging reservoirs in 
Scotland and the North of 
England, or taking their track­
building skills abroad. All that 
remains are the vast manmade 
landscapes of the railways they 
built by hand. * 
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! The story of Thaddeus Cahill, the man who tried to give us piped 
I music and the Hammond organ before we were really ready 

TheEccentric 
rerby Justin Pollard 

' · ESIO 

THEMANWHO 
! WISHED TO MAllE 
I SWEET MUSIC FOR ALL 

MANY ENGINEERS create 
things that are 'before their 
time'. Sometimes they are simply 
laughed at by a public who fail 
to understand the coming world. 
Sometimes the technology of the 
day simply cannot deliver the 
dream of the engineer. 

One such engineer was 
Thaddeus Cahill, a lawyer by 
profession but a musical 
innovator by inclination. Living 
at the dawn of the age of the 
telephone, he was taken with a 
belief that it would be possible 
not only to create music 
electrically, but to distribute it 
electrically too. The device he 
invented and patented was the 
magnificent Telharmonium. 

The Telharmonium, simply, 
produced electromechanical 
sound using tonewheels to create 
sine waves delivering a pure note 
transmitted down a copper wire 
to a telephone handset. Yet 
simple was not what Cahill was 
aiming for. By the time his first 
prototype machine was complete 
in 1901, it weighed in at an 
impressive seven tonnes. 

Sadly not a single recording of 

O

® a Telharmonium survives, but" 
early listeners reported it 
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producing beautiful complex 
notes. Beyond the simple tones, 
Cahill had added harmonics to 
each note along with organ-like 
stops, multiple keyboards and 
pedals, giving the operators the 
ability to shape and reshape 
notes, imitating the instruments 
of the orchestra. In effect, Cahill 
had created something between 
the first synthesiser and the first 
Hammond organ. 

That might be enough for most 
musical inventors, but not for 
Cahill. The Telharmonium 
produced sound via a telephone 
handset, and that was what 
interested him. He intended to 
install Telharmoniums in cities 
and 'pipe' music down the 
telephone lines to subscribers 
- be they individuals, hotels or 
restaurants. He was inventing 
muzak - elevator music. 

Initially the idea was a huge 
success and, after demonstrating 
the machine to businessmen, he 
received substantial financial 
backing to build an improved 
version at his Massachusetts 
workshop. In 1906 the new 
instrument was loaded onto 30 
railway wagons and hauled to 
New York, where it was set up in 

What is the smaller man 
thinking? The wittiest 
caption emailed to 
engtechmag@theiet.org 
by 13 April 2016 wins a pair 
of books from Haynes. 

a building in Broadway. The 
working mechanisms were in the 
basement, with the keyboards, 
stops and pedals installed above 
in a 'music hall', complete with 
'speakers' so invited audiences 
could enjoy the performance. 

On 26 September the de but 
performance - works by Chopin, 
Bach and Rossini - was given and 
the result was declared a 
spectacular success. A month 
later, a New York restaurant had 
become the first subscriber to the 
piped music service. Other 
restaurants, hotels, theatres and 
even the Museum of Natural 
History soon followed suit. 

However, there was a fly in the 
ointment. There was no way to 
amplify an electrical signal, so 
the 670kW machine had to pump 
music down the phone line with 
considerable 'force', as the 
speaker was no more than a 
telephone earpiece with Cahill's 
patented paper amplification 
horn attached to it. It was not the 
'tinny' sound that proved to be 
the problem, however, but the 
effect the piped music had on 
those who didn't want to listen. 
Soon the telephone company was 
fielding complaints from 
customers who had had the 
music intrude on their phone 
conversations. Although the 
Telharmonium had separate 
cables, they were laid next to 
phone company cables and there 
was intolerable crosstalk. The 
telephone company abruptly 
ended their deal with Cahill. He 
did later attempt to transmit his 
music via Lee de Forest's new 
wireless system, but this 
interfered with Navy radio, 
leading to complaints from 
military operators who found it 
difficult to direct warships to the 
accompaniment of Bach. 

Stymied by the telephone 
company, some of Cahill's 
backers withdrew, while others 
tried to raise the funds to lay 

their own cabling. Unfortunately 
the cost of cabling every 
business in each city was 
prohibitive, so in May 1908, the 
Telharmonic Hall shut its doors 
and the Telharmonium was 
shipped back to the workshop. 

Cahill, like all good engineers, 
was not defeated. He built a third, 
even bigger, Telharmonium, 
re-founded the company and set 
up again in New York. His 
machine even received a de but at 
Carnegie Hall, but the moment 
was passing. The sheer size of 
the engineering task required to 
pipe 'telharmonic' music around 
the city seemed daunting and the 
public no longer saw the 
Telharmonium as new. With war 
in the air and radio just around 
the corner, Cahill filed for 
bankruptcy in 1914. The father of 
muzak, the electronic organ and, 
more significantly, music 
streaming, was just too early. * 
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1 Al Gross was a radical engineer whose ground-breaking 
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Hospital, took his early system. 

'THE ••••LKIE ..... LKIE Duringthe1950s,Gross i WW .l'a • A .l'a What is the young soldier received further rebuffs. His idea 
saying? The wittiest to extend the basic concept of the 
caption emailed to walkie-talkie and pager to create 
engtechrnag@theiet.org a radio telephone system was 
by 11 May 2016 wins a pair pitched to Bell Telephone, but 
of books from Haynes. Bell's R&D department could not 

see why anyone would ever need 
a 'mobile telephone'. Gross 

Studies, the forerunner of the received an FCC licence for his 
CIA. They commissioned Gross pager transceivers in 1958, but 
to help develop a system for there was no market. 
communication between high Gross increasingly worked on 
altitude planes and agents on the designing communication 
ground in enemy territory. systems for aerospace and 
Working with an OSS team, defence companies and less on 
Gross came up with the VHF his own ideas. Then, just as the 
Joan-Eleanor system. This was a world finally caught up with CB 
miniature ground transceiver radio, pagers and mobile phones, 
(Joan) that could be easily his patents began expiring. As he 
hidden and communicate with a would ruefully comment: "If I 
larger airborne unit (Eleanor), still had the patents on my 
usually housed in a De Havilland inventions, Bill Gates would have 
Mosquito flying high and fast to stand aside for me." He died in 
over the territory. This system Arizona in 2001. * 
was so successful that it was 
only declassified in 1976. 

After the war, the Federal 
·Communications Commission 

! HAVING A WONDERFUL idea another radio ham. was persuaded to allocate some 
! and making any money out of it After school, he took a degree radio frequencies to amateur 
! can be two very different things, in electrical engineering at radio enthusiasts and the 
! as many an engineer can attest. Cleveland's Case School of 'Citizen Band' was born. This 
! Almost by definition, creating Applied Sciences, and also spent was Gross's big opportunity, and 
! something revolutionary means some time at Princeton's in 1948, his Citizens Radio 
! there's not yet a ready market Institute of Advanced Study. Corporation was the first to 
! for it and most people won't In the late 1930s, radio receive a licence to produce 
! understand it. A lesser engineer frequencies above lOOMHz were two-way radios for personal use. 
! might give up, but Al Gross kept something of a foreign country While this venture proved a 
! engineering the modern world, so that is where Gross went great success, the system was 
! waiting for the world to catch up. exploring. His first big idea was only seen as useful for those who 
! Gross was born in Toronto in to create a portable transceiver needed to communicate for work 
! 1918, the son of Romanian operating in this Very High away from static networks, so 
! immigrants who later moved to Frequency band that could be customers were mainly 
! Cleveland, Ohio. His moment of used for short-distance radio coastguards and farmers. 
! inspiration came when he communication between units. A year later, Gross had his 
! stumbled upon the radio room of Having induced miniature next big idea: adapting a 
! a steamboat on Lake Erie, aged vacuum tubes to operate between miniature radio receiver to 
! just nine. One quick turn on the 200MHz and 300MHz, he fitted respond remotely to telephonic 
! spark transmitter from a kindly transmission and receiving signalling. In other words, he 
! radio operator and Gross's life equipment and batteries into a invented the pager. Gross was 
! path was set. small handheld case which quick to identify medical staff as 
! Having badgered his father to enabled units to communicate an apparently ideal market for 
! buy him a simple crystal set, he over 30 miles (50km). It is said this device, but he soon found 
! was soon building his own that a fellow student saw Gross that the profession was not quite 
! transmission and receiving walking around talking on one of ready to be that much 'on call' . 
! equipment using junkyard parts, these devices and came up with He reported some doctors telling 
! even taking metalworking its name - the walkie-talkie. him that a pager would disturb 
! classes so he could build his own With the outbreak of war, patients, while others more 
! equipment chassis. By 16, he had Gross's 1938 patent for the honestly complained that it 

"' ! his own amateur radio licence, walkie-talkie came to the notice might interrupt their weekend 
gj ! but already it was clear that he of the communications group of golf. In the end only one 
8 i wanted to be more than just the US Office of Strategic institution, the New York Jewish 
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88 TIME OUT COLUMNIST 
..... ................................ ........................................................................................................................................................................... ......................................................................................... 
! Joseph Monier's frustration with broken flower pots in the l 9th century 
I led him to create a tough material that could build skyscrapers. 

TheEccentric 
• rerby Justin Pollard 
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Monier's solution to the pot 
problem was concrete. This was 
strong and could be moulded into 
lots of shapes, but its drawbacks 
were its weight and poor tensile 
strength. Thus he decided to 
combine his own mix of cement, 
sand, cinders and crushed 
fire bricks with something of a 
high tensile strength to get the 
best of both worlds. He would 
make a mesh of steel rods and 
then pour concrete around them 
to produce a steel-reinforced 
concrete pot. In truth, he was not 
the first person to think of doing 
this, but he was the first to try it. 
More formally educated minds 
than his own had dismissed the 
possibility on the grounds that 
the steel bars would rust inside 
the cement and the differential 
thermal expansion coefficients 
of the steel and concrete would 
lead to the material crumbling. 
Yet Monier built his pots and in 
the process, proved them wrong. 

Perhaps a less ambitious mind 
might have been content with the 
invention of the frost-proof 
flower pot, but Monier rapidly 
understood the huge possibilities 
of his new material. From pots it 
was a short step to garden 

troughs and then on to something 
altogether more structural. The 
towns of mid-19th century 
France were generally without 
civic water supplies, so gardens 
relied on private reservoirs. 
These he could fashion from 
reinforced concrete and place 
wherever the gardener wanted. 

As his reputation grew, so did 
his opportunity to use his new 
material in ever larger projects. 
Among the great landowners the 
fashion of the time was for 
architectural garden buildings, 
from fairy grottoes to Doric 
temples and rustic cottages. All 
these could be made from 
Monier's reinforced concrete for 
much less than the cost of stone, 
with far less weight, but with a 
similar structural strength. A 
flurry of patents followed, 
including steel-reinforced 
concrete piping, reinforced 
cladding slabs, cisterns and 
pools, many of which Monier 
proudly exhibited at the second 
Paris Exposition Universelle. 

By now, he was running a large 
and successful garden 
landscaping company: Even the 
Franco-Prussian war and the 
Siege of Paris only slightly 
deflected his progress when the 
starving Parisian mob raided his 
offices for food and the Prussians 
bombed his yards. With peace 
declared however, the work 
returned and thanks to his 
assiduous self-promotion, his 
reputation spread. 

In 1875, Monier build the 
world's first reinforced concrete 
bridge, spanning 14 metres 
across the moat of the chateau of 
the Marquis de Tilliere at 
Chazelet, followed by a patent for 
railway sleepers and reinforced 
concrete structural T beams. 
Now Monier was wondering 
what structure, if any; couldn't 
be built from his wonderful new 
material. It was at this point that 
tragedy struck. His second son 
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