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This is the story of how an engineer couple changed workforce welfare and the way we live.

TheEccentric

WHO REVOLUTIONISED
WORK AND HOME LIFE

LILLIAN AND FRANK Gilbreth
were an unlikely couple. He
shunned higher education in
favour of ajob as a bricklayer’s
assistant while she had a
Master’s degree in literature and
two PhD theses to her name. Yet
what interested them was how
work was done, and together they
revolutionised the workplace by
applying tenets of engineering to
how we do our jobs.

They were not the first
engineers to study work. At the
time the great name in ‘time and
motion’ study was Frederick
Winslow Taylor, a mechanical
engineer by training and perhaps
the world’s first ‘management
consultant’. He was a stopwatch
man, whose ideas revolved
around getting workers to
increase their productivity, often
by breaking down complex jobs
into simple tasks and then
employing people to repeatedly
do just that one task. His ideas
were efficient, but rarely popular
with the workforce whose
occupations were reduced to
monotonous repetitions.

The Gilbreths concentrated on
the psychology of work. Their

innovations included better-
designed equipment and
lighting, marking the first steps
in the study of work ergonomics.
Yet they looked at not just the job,
but the wellbeing of the people
doing the job, reasoning that
investment in the one would
benefit the other. So they advised
companies to introduce regular
tea breaks for staff, provide
benefits such as free books so the
workforce could improve their
education, and install suggestion
boxes so workers could relate
problems to managers.

When Frank unexpectedly
died in 1924 aged just 55, it was
left to Lillian to carry on the
company’s work. This was
difficult for a woman in the early
20th century. Although she had
co-authored many books with
her husband, her name had
always been left off by publishers
on the grounds that a woman’s
name on the cover would damage
sales. Nor were factory managers
prepared to talk to a woman
about their business.

Lillian turned her efforts to
revolutionising the home. This
was one area of life where
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traditionally she had not
practised what she preached.
With a dislike of housework and
12 children to support, she had
always employed a housekeeper.
Yet home economics was
considered a suitable pursuit for
awoman, so that was what she
turned her attention to.

In place of the factory
workforce, she experimented at
home using her children as
guinea pigs, minutely
cataloguing the processes of
laying tables, washing dishes and
making beds. These actions were
reduced to what the Gilbreths
had termed ‘therbligs’ —
‘Gilbreth’ backwards with
letters th transposed — which
consisted of 17 basic movements
required in any piece of work.
Every job could be reduced to
therbligs such as ‘hold’,
‘assemble’, ‘select’ and ‘grasp’.
In her subsequent books, she
then applied these engineering
principles to improving these
necessary but mundane jobs.

Along the way, she is credited
with numerous practical
inventions in the house. An
example of her approach came
with light switches. At the time,
these generally hung on a chain
from the ceiling, as modern
bathroom switches still often do.
She noted: “When you go to your
man-designed kitchen in the
dark and fan the air wildly as you
hunt vainly for the chain to pull
the electriclight on, only to have
it eventually hit you in the face,
you have a simple enough
problem in the elimination of
fatigue in the household. Get rid
of the waste motion by having a
push button at a convenient place
in the wall.”

And so the wall-mounted
light switch was born. She went
on to invent the pedal bin,
refrigerator shelves (including
eggtrays and butter dishes) and
the modern kitchen layout with
‘work triangles’ and linear work

surfaces. This work was picked
up by General Electric, who paid
her to interview 4,000 women to
answer a question no one
previously had bothered to ask:
“What height should cookers,
sinks and worktops be at?”
Galbreth brought the
psychological approach to time
and motion into the home too.
The purpose of efficiency was
so that more work could be
created, but gave women time to
do other things, such as
volunteer for charities and spend
time with their children. Lillian
herself somehow managed to
find time among all her work for
this too; by the time of her death
in 1972, she had acquired
23 honorary degrees, become
only the second female member
of the American Society of
Mechanical Engineers, and the
first woman elected to
the National Academy of
Engineering. *
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This month’s competition winner
will receive copies of ‘Military
Land Rover Manual 1948
onwards’ and ‘Astronomy
Manual: The Practical Guide to
the Night Sky’, both from
Haynes Manuals (haynes.co.uk).
The winner of our February 2018
caption competition is Warren
Holden: “Dancing denarius, the
bank has just closed!”
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The unknown engineers who created the palace complex of Knossos were so good
that later ages gave the credit to a mythological master craftsman.

An ancient palace
that became the

stuft
2

0l lege

ENGINEERS AND architects in
the ancient world rarely got to
sign their work, and into that
void myth has flowed. Among the
strangest is the tale of Daedalus,
the ill-starred engineer who the
Greeks and Romans credited as
the inventor of carpentry, masts
and sails for ships, automata and,
of course, his son Icarus’s ill-
fated waxen wings. Yet at one
place, Knossos, we perhaps get
just a glimpse of the real,
revolutionary engineers who
must have been behind the myth.

The site of Knossos, on Crete,
was brought to world attention
by the excavation of Sir Arthur
Evans, begun in 1900, which
uncovered a huge palace complex
dating from the Mediterranean
Bronze Age. At its height it was
home to between five and eight
thousand people.

The first ‘palace’ at the site
(though we cannot be sure that it
was aroyal residence) was
destroyed in an earthquake
around 1720 BC and rebuilt. It is
this second structure that can be
seen at Knossos today and which
represents the remains of the

height of Minoan civilisation—

nd

the legendary work of Daedalus.

The palace complex is vast,
containing a labyrinthine 1,300
rooms laid out over a six-acre
(2.4ha) site and displaying a level
of technical and artistic
sophistication almost unmatched
in that or indeed many later eras.
The whole complex had its own
terracotta plumbing, divided
into three separate enclosed
systems for fresh water, sewage
and drainage. In the bathroom,
attached to what Evans called the
‘Queen’s Megaron’, there still
stands a bath and next door to
this is a toilet, which was flushed
with a jug of water. The drainage
channels carrying rainwater
from the roof even zig-zagged
across the floors and roofs to slow
its course and prevent flash
floods eroding the site.

The complex was also home to
atheatre, a ‘throne room’ with an
exquisite gypsum chair, grain
mills, oil and wine presses and
huge ‘magazines’ of pithoi (large
storage pots). In places, the
structure was five storeys tall,
supported on painted columns
made of cedar trunks and fitted
with air ducts and light wells to
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allow sea breeze and sunshine
into the heart of the palace. At
night, ceramic oil lamps pierced
the darkness and portable
pottery stoves kept the cold at
bay in winter.

Found on the floors of many
rooms were fragments of
brightly painted plaster. These
frescoes depict a vibrant culture,
including scenes of young men
and women involved in a ritual
known as ‘bull jumping’ - seizing
a bull by the horns and vaulting
over its back. Was the legend of
the Minotaur, a half-forgotten
memory of this strange bull-cult,
celebrated in the maze-like
rooms of Knossos?

The lack of militaristic art
and weaponry, along with the fact
that women are depicted in
Minoan art more frequently than
men, suggests that this was a
female-dominated society. While
we have no conclusive proof asto
whether men, women or both
ruled Knossos, their society does
certainly seem to have been one
where the status of women was
much higher than elsewhere in
the ancient world.

The Minoans were also literate
and over 3,000 clay tablets have
been discovered at the site. These
are inscribed in two languages,
known as Linear A and Linear B,
the latter being the early Greek
script of the Mycenaeans and the
former the language of the
Minoans themselves. Linear B
was finally deciphered in 1953 by
the amateur cryptographer
Michael Ventris, but Linear A
still remains undeciphered.

Of course, the real builders of
this extraordinary palace are
unknown, beyond having the
modern label ‘Minoan’. In fact
there isno direct evidence that a
king called Minos ever ruled
from Knossos, or anywhere else.
Indeed, many modern academics
believe ‘Minos’ is just the Cretan
word for ‘king’. Yet Evans’ use of
the term ‘Minoan’ immediately

hit a chord with the interested
public. Here at Knossos was a
palace so large and strangely laid
out that it appeared to many to be
alabyrinth like that in the story
of the Minotaur.

This legend may show that the
later classical Greeks had some
dim memory of a Bronze Age
civilisation which may have been
superseded by their own
ancestors. The later history of
the Minoan world is confused,
but around 1420 BC there is
evidence for Mycenaean Greek
influence in Crete and it is
possible that instigators of the
Trojan War conquered the
Minoans. When walking through
the corridors of Knossos they
must have wondered what super-
human engineers designed such
awonder. Surely so remarkable a
feat could only be the work of the
legendary Daedalus, an engineer
whose name means ‘cunningly
wrought’. *
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This month’s competition winner
will receive copies of ‘Military
Land Rover Manual 1948
onwards’ and ‘Astronomy
Manual: The Practical Guide to
the Night Sky’, both from
Haynes Manuals (haynes.co.uk).
The winner of our April 2018
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Morley: “I know we could all do
with having a crystal ball. But do
you think you could help me get
this one stuck to my finger
removed?”
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The game-changing story of Christopher Hutton's great wartime getaway.

TheEccentric

?{ow Monopoly helped
British prisoners of war
engineer their escape

IMAGINE THAT YOU are a
prisoner of war (POW)ina
German camp in World War Two.
A ‘relief parcel’ arrives from
‘The Ladies Knitting Circle’. You
eagerly open it, hoping it
contains a few home comforts,
perhaps some chocolate or a pack
of cigarettes, but instead you
find a Monopoly set. What you
have in fact just received is your
first escape parcel from MI9.

The man behind this
Monopoly set and a thousand
other intriguing pieces of escape
engineering was Christopher
Hutton, known as Clutty to his
friends. Clutty was hired in 1940
by Norman Crockatt, the man
charged with founding MI9, to
train fighting men to evade
capture or to escape from the
enemy. The Geneva Convention
meant the maximum punishment
for attempted escape could now
only be a period in solitary
confinement, so the British High
Command considered that it was
aPOW’s duty to try to escape.
Clutty was asked to provide
secret tools to help them do this.

An inveterate inventor, Clutty

interviewed First World War

E ing&T

POWSs who suggested an escaper
needed three things: amap, a
compass and food. All these
would have to be concealed. An
initial stumbling block was that
the War Office refused to hand
over maps of Germany, as they
were ‘classified’. Clutty bought
hiking maps in Bartholomew’s in
Edinburgh, which the War Office
didn’t know were still on sale.

Yet maps were bulky and
rustled when opened, so Clutty
hit upon printing them on
parachute silk. However, initial
attempts to print on silk failed as
the inks ran, until he suggested
mixing them with jam pectin.
The results were perfect. By the
end of the war, over 400,000 of
these maps had been printed.

A compass would have to be
tiny and easily concealed, so
Clutty approached instrument
makers Blunt Brothers, who
came up with a barrel compass so
small it could be placed in the
back of atunic button or cap
badge. Henceforth, every
uniform had one unscrewable
button with a compass inside.
When the Germans cottoned onto
this, he simply reversed the
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screw thread so guards trying to
unscrew buttons tightened them
instead. When this was also
discovered, he invented the
magnetised razor blade: when
hung on a thread the G of Gillette
always pointed north. After that,
all razor blades were magnetised.

Devices were packed in escape
kits consisting of a cigarette tin
stuffed with razor blades, maps,
condensed food, water purifying
tablets and a rubber water bottle.
By 1941, no aircrew left the
ground without an RAF Ration
Pack MK IV. Later came the
escape boot —an apparently
normal flying boot of black
leather with a suede legging that
could be cut down to a less
recognisable walking boot. The
top sections when put together
then made a warm waistcoat.
Flexible saw blades were also
threaded through the laces, and a
secret compartment in the heel
held a compass, maps and a file.

Clutty designed hundreds of
escape aids, though he was often
frustrated by a lack of supplies
or the intervention of other
areas of the Secret Service who
wanted his ideas for themselves.
He also occasionally overshot the
mark. His fountain pen blowpipe
that fired gramophone needles
was never used, as it was thought
itmight contravene the Geneva
Convention.

The greatest problem was how
to get these items to prisoners.
Some already had them hidden in
the uniforms they were captured
in. RAF uniforms were made
reversible so the tunic could
form a civilian jacket. Yet many
prisoners had nothing and that
was where the Monopoly came
in. Relief organisations and
relatives were allowed to send
carefully screened packages to
prisoners, so MI9 set up bogus
organisations, including the
Ladies Knitting Circle, to
smuggle escape aids into camps.
After approaching Waddingtons

to help produce silk maps, Clutty
discovered the firm owned the
rights to the US board game
Monopoly, whose many pieces
provided a perfect cover.

So having got over your
consternation at receiving a
Monopoly set, you might notice a
red dot in the Free Parking
square, marking it as arigged
set. Inside, real Reichmarks are
interleaved with game money,
the playing tokens contain tiny
compasses and peeling open the
street cards reveals silk maps.

For a disguise, a blanket has
been sent over with invisible ink
cutting lines that appear when
soaked in cold water. The camp
tailor (and every camp has one)
can make a suit, coloured using
dyes hidden in fountain pen ink
sacs. All you have to do now is
escape.

Many British forces who did
escape or evade capture owe a
debt to Clutty. *
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This month’s competition winner
will receive copies of ‘Military:
Land Rover Manual 1948
onwards’ and ‘Astronomy
Manual: The Practical Guide to
the Night Sky’, both from
Haynes Manuals (haynes.co.uk).
The winner of our June 2018
caption competition is Dave
Thaxter: “l don’t care what they
say, my legs look great and |
know I'm killing it in this new
mini-toga.”
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Hailed as an icon for feminist and African-American causes, and then a symbol of
Universal Design, this is the story of the rise and fall of the disposable straw.

H-OW the world
sucked up the idea of
disposable straws

FEW EVERYDAY ITEMS have
seen such a fall from grace in
recent years as the humble
drinking straw. From ubiquitous
childhood accessory to scourge
of the seas, the rise and fall of
what was once a biodegradable
design classic has been rapid.
The earliest straws we
know of were certainly not
biodegradable. Sumerian
drinking tubes from 3000 BC
were made of gold inlaid with
lapis lazuli and were used for
drinking their fairly ‘soupy’ beer,
allowing the user to suck liquid
off the top of thelees. Of course,
not everyone can afford a golden
straw. Until the 19th century, the
most common drinking straw
was the organic, home-grown
and entirely biodegradable rye
straw. Rye stalks are hollow and
make for a perfectly acceptable
straw provided you’re prepared
to put up with two small failings.
The straw makes whatever liquid
you’re drinking taste of grass,
and in its haste to biodegrade as
quickly as possible, it often starts
to come apart while still in use.
This is perhaps not one of the
world’s most serious engineering

problems, but in the 1880s it was
enough to make Marvin Chester
Stone do something about it. At

the time, it was popular to drink

alcoholic drinks through straws:

in Stone’s case, his preferred
mint julep. Yet the grassy sludge
that was his straw annoyed him
s0, as the son of an inventor, he
began experimenting with
winding paper strips around a
pencil and gluing them at each
end. Of course, paper got just as
s0ggy as rye grass, but Stone
continued to investigate, using
tougher Manila paper and
treating it with waterproof
paraffin wax. This did the trick
and, in 1888, his patent was duly
granted and the paper straw was
born, making Stone a rich man.
The story gets even better, as
Stone spent a great deal of his
fortune on improving working
conditions of hislargely female
workforce, providing their
lodgings with a library, music
room, debating chamber and
even a dance floor. To further
enhance the drinking straw’s
credentials he invested in better
tenement housing for African-
Americans in Washington DC.
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By this point, the straw story
islooking virtuous and it’s about
to get even better. There was a
problem with Stone’s straw, a
problem that Joseph Friedman
could see as he sat in the Varsity
Sweet shop, a soda fountain run
by his brother in San Francisco.
It was now the mid-1930s and his
daughter Judith was tackling a
large milkshake on the bar. The
problem was the straw was
straight and Judith was short,
making it hard for her to actually
use it. What she needed was a
bendy straw.

Fortunately Friedman, like
Stone, was an inventor —he was
the proud owner of a number of
American and European patents
for inventions such as the
‘lighted pencil’ and an improved
fountain pen. Although none of
these initially made him enough
money to give up his day job as an
optometrist and sometime estate
agent, he wasnot aman to be
daunted by an inflexible straw.
He borrowed some of his
brother’s paper straws and took
them home to experiment. His
solution was both elegant and
effective. Placing a wood screw in
the tube, he then wrapped dental
floss around the screw thread
creating corrugations in the
paper. When the screw was
removed, this left a corrugated
section of paper straw that could
bend in any direction. The bendy
paper straw had arrived.

While perhaps not the greatest
invention of the 20th century, the
bendy straw undoubtedly proved
Friedman’s most successful,
enabling him to put optometry
behind him as he founded the
Flexible Straw Corporation with
his sister in 1939. The war put a
crimp in sales, but the firm
emerged on the other side, ready
to mass-produce the bendy straw.
Yet it was not initially targeted at
the likes of small girls with large
drinks in soda fountains. Instead,
it was a hit in hospitals and

convalescent homes where many
patients had trouble drinking.
The flexible, biodegradable
straw was a hygienic and
accessible aid to recovery.

Soon the bendy straw was
hailed as an emblem of the
Universal Design movement, the
growing project among
designers, engineers and
architects to design for as wide a
population as possible, if not the
entire population, making all
design accessible regardless of
the physical limitations of users.

The straw had come along
way since the days of the rather
elitist gold and lapis lazuli
drinking tube. It became a
biodegradable icon supporting
feminist and African-American
causes, and then transformed
into an symbol of Universal
Design for the differently abled.
It was a shame that someone
came up with idea of making the
whole thing in plastic. *
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will receive copies of ‘Military
Land Rover Manual 1948
onwards’ and ‘Astronomy:
Manual: The Practical Guide to
the Night Sky’, both from
Haynes Manuals (haynes.co.uk).
The winner of our July 2018
caption competition is Martin
Pate: “If you think I’'m doing all
this washing up by myself, you
can stick this glass where the
sun don’t shine.”
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This is the story of Samuel Alfred Warner, who was seen by some as a great
military engineer, but was suspected by others of being a clever fraud.

WEAPONRY : ’
Captain Warner's

truly amazing
Invisible shell

THE TROUBLE with engineering
is that, for laypeople, its wonders
can seem like magic and its
practitioners, like magicians,
capable of any feat. This can, in
unfortunate circumstances, lead
the less scrupulous engineer into
a bit of bother.

It was always hard to tell
whether Samuel Alfred Warner
was a charlatan; at least the
British Navy and Parliament had
trouble telling. He certainly
wasn’t a trained military
engineer, being known in his
native Faversham as more of a
smuggler, but by the 1830s he had
returned from a stint serving
King Dom Pedro IV of Portugal
in his War of Restoration, calling
himself ‘captain’.

He also brought back with him
arumour. During his travels on
the continent, he had apparently
invented a secret weapon.
Despite being hush-hush, he was
very keen to tell everyone about
it, but would only say he had
created an ‘invisible shell’.

Word of this soon got to the
War Office, as he no doubt
intended. From here it came to

the attention of William IV, as the

War Office had gathered this
weapon was some sort of mine
for sinking ships and the Sailor
King wanted to know more.

There was the problem. A
parliamentary committee was
set up to investigate, but found
Warner rather cagey. He did
claim he had developed the
technology while on board his
father’s ship Nautilus, during
covert operations against the
French in the Napoleonic Wars,
but there was norecord of such a
ship or the two French privateers
he claimed to have sunk with his
invention. This, he said, didn’t
surprise him as the mission had
been secret after all.

Unable to garner further
information, another committee
took over, and another after that,
each becoming more frustrated
by Warner’s evasions. Most
annoyingly, he refused to
demonstrate his invention until
the government promised him
£200,000. Compared to an average
worker’s wage at that time, this
equated to about £163m today.
The committee refused, so
Warner started sending teasing
letters to The Times suggesting

Engineering & Technology November 2018 www.EandTmagazine.com

TheEccentric
Englneerby Justin Pollard

COMPETITION

What is the man thinking in this
picture? The wittiest caption
emailed to engtechmag@theiet.org
by 31 October 2018 wins a pair of
books from Haynes.

they were incompetent and
vacillating. Annoyed, they
offered a small sum and
eventually he agreed to a small
demonstration.

In 1841, in front of Prime
Minster Sir Robert Peel and a
host of military and political

. dignitaries, Warner floated a 23ft

(7m)-long boat packed with
timber out into an Essex lake
where it promptly exploded and
sank. The question was — why?

Warner claimed his ‘invisible
shell’ had worked perfectly, but
as the dignitaries hadn’t been
granted access to the boat
beforehand, none could be quite
sure he hadn’t just put a bomb on
board. There seemed a whiff of
the ‘emperors’ new clothes’ to
this ‘invisible shell’. They
decided, given the evidence, to
pass.

Yet before they could escape
his clutches, Warner announced
in the papers that there would be
a full-scale public demonstration
on 17th July 1844 off the Brighton
coast. Special trains brought the
London set, various Admirals
and MPs along with the
correspondent from Illustrated
London News. Three miles of
beach was lined with spectators
as an Admiralty tug towed the
John o’Gaunt into open water.
Warner then issued his signal
and the ship dutifully exploded.
However, when wreckage started
washing up, observers noted that
many beams had been part sawn
through, weakening the vessel.
That, and Warner’s continuing
refusal to let anyone inspect his
vessels before they blew up, sent
the London dignitaries packing.

Yet still the Admiralty worried
there might be something in
Warner’s plans and feared
turning down a magnificent
weapon. Warner obliged by
announcing another new secret
weapon —the ‘Long Range’.
Fancying his luck, he demanded
another £200,000 to demonstrate

this, but in the end settled for
£2,000 for a small demonstration.
It was August 1846 when the
wearied committee once again
met up to view the ‘long range’.
Some believed Warner would
finally be vindicated, others
expected no more than a day out
of the office. All were surprised.
The ‘Long Range’ proved not to
be a projectile as they expected,
but a balloon loaded with lead
shot. As the tethers were
released, the balloon slowly rose
at the complete mercy of wind,
and randomly dropped shot on
the-ground and spectators below.
The committee were not
impressed and refused further
funding. Yet, they still couldn’t
get Warner out of their thoughts.
Seven years later, they were still
debating whether he was their
greatest military engineer or a
clever fraud. Fortunately for all,
he brought those deliberations to
an end by suddenly dying on
5 December 1853. No evidence of
his engineering genius ever came
tolight. *
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This month’s competition winner
will receive copies of ‘Military
Land Rover Manual 1948
onwards’ and ‘Astronomy
Manual: The Practical Guide to
the Night Sky’, both from
Haynes Manuals (haynes.co.uk).
The winner of our August 2018
caption competition is John
Langley: “After waiting for three
hours, George began to think
that he’d been stood up for the
fancy dress ball.”
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