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A brilliant mathematician and physicist, Katherine Johnson was key to getting man on
the Moon and became a high-flyer at a world-famous space agency, against all odds.

TheEccentric

Fly Me to the Moon - the
female virtual computer
who took man into space

SIXTY YEARS AFTER the first
artificial satellite went into
space, I thought it might be nice
tolook at one of the navigational
computers that made orbital and
manned spaceflight possible. Her
name was Katherine Johnson.

Johnson was an unlikely
computer. Firstly, she was
human. More surprisingly, she
managed to get that position with
what 1950s USA called ‘profound
handicaps’-she was female and
African-American.

Born in 1918, her early
education wasn’t promising, as
school in her county ended at
eighth grade for African-
American children. Yet Johnson
was a superb mathematician and
found a high school that would
take her, which she followed up
with a summa cum laude degree
in mathematics and French, by
which time she was still only 18.

However, opportunities for an
African-American female
mathematician were limited, to
say the least, so she became a
teacher until in 1953 her sister

mentioned that the National

Advisory Committee for
Aeronautics, the forerunner of
Nasa, was hiring African-
American women in its Guidance
and Navigation Department.

After a year of effort, Johnson
became what she called a ‘virtual
computer’. She was part of the
West Area Computing Unit, an
all-African-American, all-female
group of mathematicians at the
Langley Research Center. Her
group analysed aircraft’s black-
box recorders and modelled the
mechanics and geometry of
flight and spaceflight as America
attempted to compete with the
Soviet Union to colonise the final
frontier of space.

It was a profoundly far-sighted
unit, there being few other
organisations that would hire
women for complex engineering-
based work, let alone African-
American women. Even in this
liberal atmosphere, the unit was
still subject to notorious ‘Jim
Crow laws’, which required that
African-Americans have
separate canteens and toilets
from their white counterparts.
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Thankfully, necessity is the
mother of invention and ability
mattered much more at Nasa, so
Johnson was seconded to
Langley’s prestigious Flight
Research Division, until then an
all-male operation. Although this
was meant to be temporary, she
soon made herself invaluable
and, as she later said: “They
forgot to return me to the pool.”

At this time, there were still no
electronic computers in Nasa so
all hugely complex trajectory
calculations (and hence launch
windows) planned for early
manned spaceflights had to be
performed by hand. That was
Johnson’s forte. It was she who
calculated the launch window for
Alan Shepard’s first sub-orbital
flight on 5 May 1961, when he
became only the second person in
space. As she putit: “I’'d ask
(another section at Nasa), ‘Where
do you want (the astronauts) to
come down?’ They’d tell me the
spot and I'd work backwards.”

By 1962, electro-mechanical
computers were appearing at
Nasa. One of their first jobs was
to calculate the trajectory and
launch window for John Glenn’s
orbital flight of 1962, the first by
a US astronaut. However, Glenn
wasn’t happy to entrust his life to
amechanical computer and
demanded that Johnson verify
thefigures.

Johnson’s job became vital,
not just in her calculations, but
in giving staff the confidence in
electronic computer power that
was to be necessary if manned
spaceflight was to become
routine. Even as electronic
computers took the lead in
planning trajectories, there
remained a need for humans
skilled in mathematical flight
mechanics to check figures and
plan for the unthinkable. So
Johnson began calculating
backup positions for spaceships
in trouble and provided
starcharts and plots to enable
astronauts to navigate back to
Earth if their computerised
systems failed.
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She also continued to calculate
the most sophisticated flight
trajectories, though when Neil
Armstrong set foot on the Moon
in 1969, there was less applause
for the African-American woman
who had guided him there. In
fact, she wasn’t even at Mission
Control. She did at least receive a
commemorative flag that had
flown with the Apollo 11 crew.

Johnson continued to work at
Nasa until 1986, making the
contingency calculations that
helped ensure the safe return of
the ill-fated Apollo 13, and
worked on the Space Shuttle
programme. During that time,
the power of navigational
computers grew exponentially.
They are now an everyday
part of our lives, but it was
Katherine Johnson who taught
us to trust them.
‘Hidden Figures’, a film based on
Johnson, Mary Jackson and
Dorothy Vaughan, is out now. *
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JOHN GAMGEE was, without
doubt, a brilliant man. Educated
in Italy, Germany and
Switzerland, he came from a
family of biologists that had
surgeons, biochemists and
naturalists among its ranks. He
decided to take up veterinary
practice and plunged in with
enormous enthusiasm. He toured
European schools and built up a
reputation in the study of
contagious diseases. Back in
England, however, Gamgee found
the work frustrating. The science
of veterinary medicine was not
highly regarded among
practising vets, whose work was
almost entirely practical. After
some unsuccessful collaboration
and despite having no capital,
Gamgee decided to set up his own
veterinary school in Edinburgh.
A successful career began.
With his interest in contagious
diseases, Gamgee was appointed
by the Privy Council to study a
problem in cattle. He identified
the threat of rinderpest from
imported Baltic cows. Despite his
warnings, the disease duly

arrived in imported livestock,

The perpetual motion
machine that fooled

leading to the great cattle plague
of 1865. The following year the
government took action, based
largely on Gamgee’s plan, and
the cattle industry was saved. Yet
Gamgee’s business was not.
Having moved to London, he was
so consumed with studying
animal disease that he let his
own business drift. By the time
hereturned from the USA, where
he’d gone to study Texas fever, it
was teetering on bankruptcy.
Then Gamgee’s unlikely
engineering odyssey started.
Gamgee gave up veterinary
medicine. A new interest—
refrigeration —had taken hold
during his travels and he decided
this would be his life. He had
initially been looking to perfect a
method for refrigerating ships to
allow Australia and New Zealand
to export meat to Britain. The
first inkling the public got of this
was in a small building off King’s
Road in Chelsea where, on
7January 1876, Gamgee opened
hisfirst artificial ice rink. The
rink was a concrete base covered
with layers of earth, cow hair
and timber, supporting a network
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Engineers don't get to choose what they are remembered for, and mistakes often resonate
more strongly than success. Rarely has this been more so than in the case of John Gamgee.
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of copper pipes carrying a
refrigerating solution of
glycerine, ether, nitrogen
peroxide and water. This was all
submerged in a thin layer of
water, which duly froze, creating
the ‘Glaciarium’.

The Glaciarium was initially a
great success, a members-only
experience for the London elite,
complete with Alpine frescoes, a

viewing gallery and an orchestra.

Further rinks followed but, once
the novelty wore off, customers
moved on and the rinks shut.

But Gamgee had caught the
refrigeration bug. Back in the
US, he began advising mining
companies on technology to cool
mines and finally had the chance
to begin developing refrigerated
shipping units. It was at sea that
he had his most unique and
unfortunate idea for which he is
remembered - the zeromotor.

You can almost hear the laws
of thermodynamics being
broken in the name alone and
that’s exactly what was
happening. Gamgee’s idea was to
power a ship using a modified
refrigeration system that would
require no fuel, but harness the
heat of the air and ocean. The
machine operated, in theory;,
using warmth from the
surroundings to boil ammonia,
which expanded and drove a
piston —nothing questionable in
that. Yet the next part was
unusual. The sudden expansion
was meant to make the ammonia
spontaneously condense, aided
by vapour passing through pipes
in contact with the colder sea
water. Thus the ammonia would
become liquid again and the
process would repeat, forever,
with no external fuel source.

It was a tempting prospect and
Gamgee’s enthusiasm was such
that he persuaded the Chief
Engineer of the US Navy and
President Garfield to support the
design. However, even US
Presidents can’t break the
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Second Law of Thermodynamics.
The fatal flaw in Gamgee’s plan
was failing to understand that
condensing ammonia vapour
would require cooling it to well
below ambient temperature, to
-33°C, something which would
require more energy than was
obtained from the piston stroke.

Now Gamgee was not a fraud
and seemed to firmly believe his
motor would work. Perhaps he
misunderstood the operation of a
water-sourced heat pump, or
simply couldn’t accept the laws
of thermodynamics, but he
remained unwavering in his
belief in his overunity machine. |
He died back in London, wracked !
with financial worries from the |
failure of his would-be world-
changing machine, and was
forever associated with an
impossible'idea. A shame for the
man who saved the British cattle
industry and brought us New
Zealand lamb and ice skating. *
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This is the story of how Sir Christopher Cockerell invented one of the iconic forms of
transport of the 20th century, only to be snubbed by bureaucrats for its absurdity.

SILLY INVENTOR
WHO GOT US
FLOATING ON AIR

PERHAPS THE greatest gripe of
Sir Christopher Cockerell was
that society didn’t really value
engineers. This might seem a
shade rich coming from a man
who was awarded a CBE, a
knighthood and fellowship of the
Royal Society, but his own career
bore it out.

Cockerell did not invent the
hovercraft per se. Ship designers
had for years been trying to solve
the problem of water drag and
Sir John Thornycroft patented
an ‘air-cushion ship’ in the 1870s.
However, engine technology of
his day ensured these designs
never left the drawing board. By
1927, the great Russian rocketry
pioneer Konstantin Tsiolkovsky
had laid out the theoretical basis
for travelling on a layer of air. Yet
the hovercraft we know and love
is associated with only one name.

Cockerell was an autodidact
engineer with an interest in
everything from antiquities to
zoology, but his great love of
radio got him a job at Marconi.
His particular interest was in
creating radio direction-finding
equipment, his last job of 1939
being to fit one of his devices in

the Cunard liner Mauretania.

Yet it was the coming war that
brought his talents to light. In
11 weeks he devised and tested a
direction-finding system for
bombers, known as the ‘drunken
men’, and went on to produce
120,000 units. He later designed
the radar-finding equipment
used to locate German radar
stations before D Day:.

After the war, Cockerell found
life at Marconi increasingly dull,
despite his flurry of patents (98
in his lifetime). In 1951, when an
offered promotion meant more
admin, he received the push he
needed and resigned intent on
doing something different.

In fact, he had started work on
hisnew plan in 1947 when he and
his wife bought a caravan-
building, boat-hiring business.
Not that caravans was what
interested Cockerell. He wanted
to build fast boats, but was
frustrated by that great problem
of all naval architects —drag.

Aware that a cushion of air
between the hull and water was
the holy grail of fast boat design,
he went about building a model,
not with boat parts, but with two
nested cylinders hooked up to an
air pump. This produced aring
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of downward thrust four times
more efficient than any previous
attempt. With a Lyons coffee tin,
acan of catfood and a vacuum
cleaner; he laid down the basic
principles of the ‘hovercraft’.

The peacetime establishment
was reluctant to take on such a
novel idea. Eventually Lord
Louis Mountbatten persuaded
the military to take a look, but as
Cockerell later quipped, “the
navy said it was a plane not a
boat; the air force said it was a
boat not a plane; and the army
was ‘plain not interested’”.

The invention was developed
under the auspices of the
National Research Development
Corporation and its subsidiary,
Hovercraft Developments Ltd,
which appointed Cockerell as
director. Work began on a
manned model, built by
Sanders-Roe on the Isle of Wight,
and prototype SRN-1 was rolled
out in 1959 when it crossed the
Channel to mark the 50th
anniversary of Bleriot’s flight.

However, there was a problem.
With a hover height of just one
foot (30cm), the craft had
difficulty crossing waves greater
than twice that height.
Cockerell’s solution was a rubber
‘skirt’ around the craft which
increased the hover height to 4ft.

Development now continued
apace and testbeds were devised
for hover railway carriages,
low-loaders and even ultra-
smooth hospital beds for burns
patients. Commercial success
followed, with orders for civilian
and military craft, including
huge cross-Channel car ferries.

However, all was not well.
When the government tried to
force the merger of all Britain’s
burgeoning hovercraft
companies, Cockerell, fearing a
lack of competition would stifle
development, resigned from the
board in 1966. A few days later, a
curt letter from the managing
director of NRDC informed him
that he had also been sacked as
chief engineer with just eight

days’ notice and no pension.

Although Cockerell did finally
receive some compensation in
1972, his summary dismissal by
bureaucrats with little
understanding of what he
created had hurt. Honours had
been heaped upon him, but the
greatest honour, to be taken
seriously as an engineer, proved
elusive. By the 1970s, he began
trying to answer the question of
what to do when fossil fuels run
out. To this end, he created a
wholly novel wave-power -
machine, but again, government
support dwindled then stopped.
With it went the chance for
Britain to be a world leader in
wave energy generation.

It often seemed to Cockerell
that grandees and bureaucrats
had little interest in those ‘silly
chaps’ who invent things. Yet as
he wryly noted: “But for the silly
chaps we would all still be living
in the Stone Age.” *
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This tells the story of how the some of us can thank a Nobel Laureate and
lighthouse designer for their favourite piece of kitchen equipment.
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Dalén’s Explosive
Legacy: The Nobel
In your kitchen

THERE AREN’T many Nobel
Laureates whose work you
regularly find in a kitchen, but -
at least in some more wealthy
homes —there is one.

Nils Gustaf Dalén had
originally been interested in
milk. Having grown up on a farm
in Véstra Goétaland County in
Sweden in the late 19th century;,
he came up with a method for
assaying the quality of milk,
which impressed another
Swedish engineer Gustaf de
Laval, whose inventions included
a supersonic rocket nozzle. Yet it
was also milk that had made
de Laval’s name, as he invented
the first centrifugal milk-cream
separator. It was he who
encouraged Dalén to get an
engineering education.

Dalén loved academic life, but
commerce beckoned, and having
gained his Master’s degree and
doctorate he went to work for the
country’s main manufacturer
and distributor of acetylene
gas. It was an interesting
if frustrating job as the
hydrocarbon acetylene, whilst
burning with an intense heat
and a usefully brilliant white

light, was hugely explosive and
rather unpredictable. So, as that
other notable Swede before him
had done with nitroglycerine, he
decided to tame the substance.

Indeed, Dalén took a leaf out
of Alfred Nobel’s book and
developed a porous substrate the
explosive substance could be
stabilised in. Where Nobel used
kieselguhr, Dalén used an
eclectic mix of cement, asbestos
and coal, but the effect was just
as impressive. His ‘Agamassen’
safely absorbed the acetylene,
making it shockproof and hence
transportable. In fact, his recipe
proved so successful that it’s still
found in modified form in
acetylene canisters today. Most
importantly, with acetylene now
portable, its brilliant white light
could be put to good effect, and
Sweden — with its long coastline
and countless lakes and rivers —
had need of brightlighting for its
lighthouses.

To exploit this, the company
was reformed in 1909 as Svenska
Aktiebolaget Gasaccumulator
with Dalén promoted from chief
engineer to managing director.
However, there was still a
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problem. Sweden had hundreds
of lighthouses and lit buoys,
many of which could only be
visited and refuelled a few times
ayear. If acetylene was to be
their fuel it would have to be used
efficiently, and Dalén invented a
new type of light to do just this.
The Dalén Flasher managed to
reduce fuel consumption by

90 per cent through the simple
expedient of using a small pilot
light to ignite the fuel only
during the flashing stage of
operation. When this was
combined with his other
invention, the sun-valve, which
ensure the light only flashed
during the night, it extended the
refuelling time for lighthouses
and buoys to over a year. Without
the need for any electricity
supply, these lights could now be
installed just about anywhere.
This proved particularly
valuable to builders of the
Panama Canal, who used Dalén’s
system along its whole length.

Acetylenelightsmade Dalén’s
name, buthis discovery cameata
price.In 1912, whilst workingon a
pressure test of hisacetylene
substrate, an explosion left him
permanently blinded. Itleft him so
illhe was unable toreceive his
Nobel Prize for physics in person
later that year:

Yet Dalén survived and, unable
to work in the lab, he turned his
mind to the kitchen. Having been
forced to stay at home in the Villa
Ekbacken on the company’s
estate at Liding0, he spent the
next 10 years developing a new
stove. What he wanted was a
cooker that was easy to use,
didn’t have lots of controls and
was powered by a low intensity,
but constant heat source,
warming a large thermal mass:
something that used the same
simple engineering that made his
lighthouses such a success.

Unable to see, he relied on his
family to undertake much of the
practical work refining the

thermodynamics and the design,
but by 1922 he had a working
model. His invention had two
hotplates and two ovens set in a
large cast-iron frame heated by
an always-on low intensity
burner. Temperature control was
achieved by simply cooking on or
in parts of the cooker whose
relative heat levels depended on
their proximity to the burner.
The cooker found a willing
market in the UK. Shortly after, a
licence was taken out to
manufacture the cookers at the
Coalbrookdale foundry in
Shropshire.

Dalén’s device had found its
natural home and some of his
simple, ruggedly engineered
cookers are still operating today,
over 70 years after they were first
installed. They still all bear the
name of the company that he had
led - Svenska Aktiebolaget
Gasaccumulator - or its English
acronym, AGA. *
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ENGINEERS rarely receive

the recognition they deserve.

Yet it was much harder to gain
recognition having been born
into slavery in 19th-century
America. However, thanks to one
man, we do know the names of
the black pioneers of American
engineering.

On 10 August 1894, George
Washington Murray stood up in
Congress and began to speak. It
had been a long journey to get
there. He had been born into
slavery on a cotton plantation in
South Carolina in 1853 and freed
as a child. Taking up politics, he
had joined the Republican Party;,
become a leader in the Colored
Farmers’ Alliance and
eventually won a seat in
Congress despite harassment,
widespread discrimination and
voter fraud.

Now, standing before fellow
congressmen, he had a little
power. The debate was on
proposed legislation for a Cotton
States Exhibition to publicise the
South’s technological process
since the Civil War and he knew
that whatever he said would be

faithfully recorded and entered
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mrica’s forgotten
black pioneers and
patent holders

into public record of the United
States to remain there forever.
He began: “Mr Speaker, the
coloured people of this country
want an opportunity to show that
the progress, that the civilisation
which isnow admired the world
over, that the civilisation which
is now leading the world, that the
civilisation which all nations of
the world look up to and imitate
—the coloured people, I say, want
an opportunity to show that they,
too, are part and parcel of that
great civilisation.”

Then, after this rousing
preamble, he went on toread a
simple list of 92 patents held by
black Americans —the roll of
honour for a group of engineers
and inventors who might
otherwise have been swept from
the history books entirely.

They were an extraordinary
group. Thomas L Jennings, a
former tailor and abolitionist,
had received the first patent
awarded to a black American for
adry-cleaning process back in
1821. The very idea of a black
American holding a patent then
caused a scandal, as it was
assumed that a slave’s
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This is the story of how George Washington Murray used Congress
to immortalise the names of America’s black engineers.
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intellectual efforts belonged to
their owner. Yet Jennings was
free and the patent held.

Judy W Reed patented an
improved bread dough kneader
in 1884, becoming the first black
American woman to hold a
patent. That patent document
and her mention in Murray’s
speech are the only surviving
record of her life.

Some names appear frequently
on the list. Granville T Woods
had become known as the ‘Black
Edison’ and held numerous
patents concerning electricity in
railway cars. His ‘“Telegraphony’
system, which allowed the
sending of telegram and voice
messages over a single wire, had
been sold to the Bell telephone
company. In 1887, his
Synchronous Multiplex Railway
Telegraph system, which allowed
communication from moving
trains, had brought him into
conflict with the real Edison who
claimed the patents for himself.
Having been robustly seen off
twice by Woods, Edison was
forced to try to gain the
technology by offering Woods a
lucrative job. He declined.

Elijah McCoy also features
many times in the list, having
received a total of 57 patents over
hislifetime. Born free in Canada
to a family of fugitive slaves, he
took up an apprenticeship asa
mechanical engineer in
Edinburgh, Scotland, before
returning to his family now in
the USA. Finding there was only
work for a black American asa
fireman or oiler on the railroad,
he used his spare time to invent
improvements to the machinery
all around him. Most of his
patents concern automatic
lubricating systems for the
railroad, but he also found time
to invent alawn sprinkler and a
folding ironing board.

Miriam Benjamin, the second
black woman to receive a US
patent, was mentioned for her

‘gong and signal chair for
hotels’. This device allowed a
guest to summon a waiter by
pressing a button on their chair.
A light on the chair then told the
waiter which diner was
requesting attention.

Jan Ernst Matzeliger’s
contribution to the USA and the
world in general can be found on
your feet, as he invented the first
machine to be able to stitch a
shoe upper to a sole.

Of course there was Murray
himself, who held eight patents
for farming tools. It was this
success that first brought him
local recognition and his
selection as the Sumter County
delegate to the 1880 Republican
Party state convention. That
started him on the road to
Congress where, at last, he was
entering names of American’s
forgotten engineers and
inventors in the annals of
history. *
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