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A History Of Car Making In

Canada

BY: M.H.KAMYAB, BSC, MBA
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The year is 1867, Henry Seth Taylor, a Canadian
watchmaker and jeweler, unveiled a steam buggy at the
Quebec Stanstead Fall Fair. Taylor’s steam buggy was the
first “automobile” invented in Canada and he promptly
crashed it into a creek. Granted, he didn’t include any

brakes.

Introducing Ford and Le Roy

Shortly after Taylor’s failed steam buggy, the automotive
industryinCanadatookoff. NelsonandMiltonGoodcreated
Le Roy Manufacturing Companyin 1899, introducing the
first gas-powered automobile manufactured in quantities
for sale in Canada. Le Roy was closely followed by an
organization you may have heard of , the Ford Motor
Company of Canada. Gordon M. McGregor of Windsor
struck a deal with Henry Ford only a year after Ford began
production in Detroit. Between 1918 and 1923, Canada
became the world’s second largest vehicle producer.

Unfortunately, Le Roy followed in Taylor’s footsteps and
created an automobile that lacked a braking system. Le
Roy Manufacturing went out of business by 1907. Ford,
however, found success creating the Model C (and later,
the Model T) in Canada, a vehicle that included brakes.
The original Model C was marketed as a ‘Doctor’s Car’.

American influence on Canadian cars

With a larger population, access to resources and
cheaper production, America’sinfluence on the Canadian
automobile industry became something our government
grew wary of. Many of the automobiles produced then
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(and now) came with a heavy American style. In fact, in
1950 Buick found a new market in Newfoundland. But
the deluxe cars were unable to survive the Newfoundland
roads. With cracked and broken frames threatening their
reputation, Buick flew engineers to Newfoundland to
create a Canadian-worthy car. Buick was quickly reminded
that to survive in the Canadian wilderness, you need to be
tough. They created the made-for-Canada Buick that had
aheavyframe, specially tempered springs, and abnormally
powerful shock absorbers.

Canadian-only cars

In 1936, the Canadian government imposed a tariff on
imported cars in an attempt to protect their automotive
manufacturing base and encourage sale of Canadian
goods. During this time, Canada had the automobile
industry all to us. We began producing cars unavailable
to the United States, such as the Pontiac Beaumont, Ford
Monarch and Chrysler Fargo.

The failed tariff

Realizing that the tariff was actually hindering the
Canadian economy by limiting trade with the United
States, changes were imminent. The 1965 Autopact
removed the US-Canada tariffs in place, allowing vehicles
to be sold across the border without the imposed taxes.
While the truly Canadian-only models came to an end, the
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1960s and beyond still saw beautiful Canadian created and
produced cars, like the Manic G the Chevrolet Corvair
and the Bricklin SV.

Today, automakersin Canada are still operating. The fuel
economy 1s still going strong, with transport consuming
roughly half of all petroleum used in Canada, and
automobiles are responsible for about half of that quantity.
You can keep your vintage cars running smoothly with
our premium TOP TIER gasoline. VINs starting with the

number two indicate a vehicle made in Canada.

Different Car manufacturing in Canada from
the start

Campagna (1988) , Canadian Electric Vehicles (1996),
Fiat Chrysler Canada (1925)

Ford Canada (1904) General Motors Canada (1918),
CAMI (1986), GreenPower (2007), Girardin Minibus
(1935), Grande West (2008),Honda Canada (1969), HT'T
Automobile (2007), Lion Bus (2011), New Flyer (1930),
Nova Bus (1993), Prevost (1924), TAV (-), Timmis (1968),
Toyota Canada (1964)

There are more than you might think!
Canada 1s one of the world’s top 10 largest producers
of light vehicles. A combination of five different global

OEMs builds more than 2 million vehicles annually at their
respective Canadian assembly plants, including Stellantis,
Ford, General Motors, Honda, and Toyota.

Vehicle production is a major contributor to Canada’s
GDP and an important part of its economy, but despite
this, many car shoppers may not know which new vehicles
are produced domestically and which are imported from
abroad.

That’s why we’ve assembled this list of every new car
that is produced in Canada for the 2021 model year. This
handy record makes it easy for car shoppers to identify
which vehicles to buyif they want to “shoplocal” and show
their support for the Canadian manufacturing industry.

MOHANDES MAGAZINE
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Chevrolet Equinox,

The Chevrolet Equinoxisbuiltatthe GM CAMI Assembly
plant in Ingersoll, ONT. This compact crossover slots in
between the subcompact Trailblazer and mid-size Blazer
in Chevy’s Canadian lineup .

Chrysler 300

The Chrysler 3001sbuiltat Stellantis’ Brampton Assembly
plant in Ontario. This rear-wheel drive sedan (it’s also
available with all-wheel drive) has been produced at the
Brampton facility since it was introduced for the 2004
model year.

Chrysler Grand Caravan

The Chrysler Grand Caravanis anew-for-2021 variant of
the existing Chrysler Pacifica minivan with less standard
content and a lower base price . This newly introduced
Pacifica variant is produced at the Chrysler Windsor
Assembly plant in Windsor.

Chrysler Pacifica/Pacifica Plug-In Hybrid

The Chrysler Pacifica and efficiency-minded Pacifica
Plug-In Hybrid minivans are produced alongside the
Chrysler Grand Caravan at the long-standing Stellantis
minivan plant in Windsor, ON'T.

Dodge Challenger

The Dodge Challenger and all its variants are built
alongside the Chrysler 300 sedan at Brampton Assembly
in Ontario with a variety of powertrains on offer and other
optional extras.

Dodge Charger

The Dodge Charger sedan is also built at Brampton
Assembly, riding on the same platform as the Challenger
and Chrysler 300 with different models.

Ford Edge
The Ford Edge is built at the Ford Oakville Assembly
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plant. This mid-size crossover bridges the gap between
the Escape and the Explorer in Ford’s crossover lineup.

Ford GT

One of the most famous American supercars of all time,
the Ford G'T, is built in Canada by specialty manufacturer
Multimaticatitsadvanced productionfacilityin Markham,
Ont. That’snotall, though—itwasalso testedand developed
at the Calabogie Motorsports Park in Ontario, where it
was able to stay easily hidden from the media’s prying eyes
before it made its official debut.

Honda Civic

The Honda Civic is one of the most famous Japanese
cars of all time, but Canadians have an extra special
relationship with this quintessential compact car. Not
only is the Civic the best-selling car in the country, the
automaker’s plant in Alliston, Ont., has been the home of
Canadian Honda Civic production since 1988. Today, the
Honda Civic sedan, Coupe, and sporty Si variants are all
built at the southern Ontario plant.

Honda CR-V

Honda’s Alliston plant produces more than just the Civic.
The Honda CR-V compact crossover hasalsobeenbuilton
Line 2 at the plant since 2012. The CR-V slots in between
the HR-V and Passport in Honda’s Canadian lineup.

Lexus RX

The Lexus RX mid-size crossover is one of two models
thatis produced at Toyota’s plantin Cambridge, Ont. The
luxury SUV fits in between the tiny NX and large GX

in Lexus’ Canadian lineup. Including the more efficient
RX450h Hybrid model is also built here.

Lincoln Nautilus

The Lincoln Nautilusis a mid-size luxury crossover that s
produced alongside the Ford Edge at the Blue Oval’s plant
in Oakville. The Nautilus slots in between the subcompact
Corsair and mid-size Aviator in the automaker’s crossover
lineup.

Toyota RAV4

The Toyota RAV4 and RAV4 Hybrid are builtin Ontario
atthe Japanese automaker’s plantin Woodstock (the RAV4
Prime plug-in hybrid is built in Japan). The RAV4 is a
compact crossover, slotting in between the subcompact
CH-R and mid-size Venza in the automaker’s Canadian
product portfolio.
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Cable Stayed Bridges

So many options provide freedom of design

By: Afshin Khodabandeh, P.Eng
Part Two

Part one of the “CABLE STAYED” bridges’ article was
presentedin the Summerissue of magazine. We have so far
covered general concept, span arrangement, pylons, lateral
stability and deck systems. Here goes rest of the article
containing subjects related to design and construction of

Cable Stayed Bridges.

Cables

Cables are an important part of this type of bridge. All
segments of deck hang from cables which themselves are
hanging from Pylon(s). In other words, cables bear total
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dead weight and live load

of bridge through their tensile strength while playing
an important role in case of exceptional loads and
extraordinary loads as well.

Cables are made of ultra-high strength steel strands with
yielding point of 1860 MPA or more. Most cables are
made of 0.5 or 0.6 inch strands woven together in certain
configurations.

General position of cables is diagonal with one end
anchored to deck and the other end to pylon. In this
configuration the dead weight of cable and its protective
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Figure 13 — Conventional cables used in bridges

cover, change characteristic behaviour of cable (figure 14)
especially its modulus of elasticity so, we shall always use
the modified Ei for our calculations and keep in mind that
it differs from cable to cable.

Anchor points of cables are also very important both in
design and in construction. Anchor points shall be placed
where it can convey huge amounts of concentrated load
andalsoweshall considerproperdistance betweenadjacent
anchor points in order to let end-plates sit properly and
the tensile jacking system can work easily.

Anchor points of deck are chosen carefully and most
of the times are put exactly where the cross girders are
located.

In case of anchor points of cables on pylons, they are
somewhat dependent on cross section of pylon. For
each of monolith or hollow inside pylons certain design
patterns are used. Figure 16 illustrates different patterns
conventionally used.

In A-symmetrical cable configurations the anchor point
of group of cables before and after the bridge (in the rock)
are rather important structures. Figure 17 shows general
configuration of such anchors.

Nonlinearity of the bridge

By nonlinearity most of the times we refer to material
nonlinearity. For example when stress level in a steel rod
exceeds the yielding point, the mathematical relationship
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Figure 15 — Anchoring of cables in steel girders
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of stress-strain (E) changes constantly.

Butin Cable Stayed bridges we face overall (geometrical)
nonlinearity of the whole bridge. This is because of
interaction among different parts of the structure so that
secondary stresses become important and influence overall
configuration and behaviour of cable stayed bridges.

In figure 18 bottom, we can see influence line of vertical
deflectionin the centerline of the middle span. The overall
configuration is close to what we expect in any continuous
girder.
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Figure 14 — Effective modulus of elasticity

In the same figure top, we see a similar influence line
of deflection but for a section slightly moved to the left.
The figure shows that this little change of location causes
unexpected behaviour of the right span and even a little
bit of the middle span adjacent to the right pylon.

This 1s an example of how a simple relocation of the
sectioninfluences behaviour of the deck but when we study
behaviour of different sections of bridge under wind and
earthquake loads, the geometrical nonlinearity becomes
more sporadic. One way of reducing nonlinearity of the
bridge is implementation of anchoring to the ground
behind abutments.

Wind load on bridge
After catastrophic failure of the Tacoma narrows bridge
on November 7, 1940, engineers learned that in long span
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Figure 16 — Anchoring of cables in pylons

bridges, it 1s not enough to consider the equivalent static
load method to evaluate impact of the wind loads on
bridges and we need to study these kinds of bridges under
dynamic loads and analyse them similar to flying objects.

Since then the science of Aerodynamics of long span
bridges has advanced a lot. Main areas of concern for
dynamic effect of wind on bridges are:

- Wake vortex. This phenomenon is similar to what
happens to streams of fluids (water) passing an obstacle
(rock).

We can estimate the frequency of vortex formation using

Figure 17 — Anchoring of cables in the ground

the Strudel number of section.

The designer is supposed to make sure the frequency of
wake vortex 1s far from natural frequency of the bridge
member. Although there are general charts showing
estimations of Strudel number of certain general cross
sections, itis highly advised that the Strudel number of the
specific bridge section be determined in wind tunnel tests.

-Flexural oscillations. Wind can produce movements
intheprincipalmomentplane of bridge. Thisphenomenon
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generatesextrainternalforces,mainlyindeck.Consequently
the relevant elements should be strengthened enough to
bear the extra internal forces.

- Torsional oscillations. Thisphenomenonisbasically
similar to flexural oscillations and should be dealt with by
adding to shear strength of the deck assembly.

-Fluttering. Wheneverflexuraland torsional oscillations
occur at the same time, a totally different phenomenon
comes into effect called fluttering. The main issue with this
combination of two modes of oscillation is that it doesn’t
stay constant and even if the wind speed remains the same,
the amplitude of movements increases to the point that
the whole bridge breaks down. This is what happened in
Tacoma narrows bridge and tore down the entire bridge.

Despite the case of flexural and torsional oscillations,
we can not overcome this phenomenon by adding to the
strength of bridge. The only solution is to keep a safety
distance between the maximum wind gustspeed of the area
and the critical wind speed that introduces the fluttering
phenomenon.

Figure 18 — Geometrical nonlinearity of deck
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Figure 19 — Tacoma narrows bridge- Fluttering

- Galloping. This is a phenomenon that happens in
a plane perpendicular to the wind direction. Slender
elements like cables oscillate in the perpendicular plane
and produce extra stresses. We try to reduce the amplitude
of galloping oscillations by covering the cable and making
its outside surface as smooth as possible.

Wind Enivrenment

f Resultant force
Lift

Resultant wind

Figure 20 — General concept of an airfoil

- Buffeting. . Thisis a phenomenon that happensin the
longitudinal plane of bridge similar to the movement of
a whip. Buffeting is more dangerous when it happens in a
half-built bridge just before connecting two sides of deck
in the middle.

Unpleasantmovements. Inlongspanbridgesbecause
of overall flexibility of the structure, large deformations
and different movements of deck 1s predictable and
although the overall stability is not compromised, such
unpleasant vibrations and movements should be avoided.

In this case there is no specific code or guideline. The
best one can do is to follow the rule of thumb proposed by
engineers experienced in these types of bridges.

The recommended maximum acceleration under wind
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Figure 21 — General aspects of Wake vortex

effect 1s preferred to be kept under 0.02g, however for
exceptional high winds that may occur once every couple
of years, the maximum acceleration may go as high as
0.05g.

Erection and Construction

Normally construction of cable stayed bridges are done
in two parts. We try to build as much as possible in the
shop and finish assembly in the jobsite. Whatever we can
build in the shop has better quality and is more reliable
and also cost effective, while pouring concrete or welding
of thick steel plates in the site, sometimes several dozen
meters above ground or water, has its challenges.

There are anumber of technics thatare used for assembly
and erection of these types of bridges but generally in most
cases we begin with the side spans starting from abutments
and continuing over the land or shallow water.

Figure 26 shows general sequence of work. Once the
side span 1s complete, the bridge builder equipment is
moved towards the main span. This will be the beginning
of a series of steps like constructing one bridge segment,
anchoring of the respective cables, readjusting a few cables
of the side span and moving on to the next segment.

Sequential construction of cable stayed bridges brings
its own challenges to the design table. Figure 27 shows
how during construction reaction and alignment of
different parts of bridge like pylon or deck will change
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Figure 22 — Strudel number versus Reynolds
number of along cylinder
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Flexural

Tarsion

Figure 23 — Flexural and torsional oscillations

and subsequently the stress in the cables shall be adjusted
several times.

As mentioned before, this type of bridge is very flexible
and during construction, while the main span is not
complete, bridge is vulnerable to reversing stresses, large
deformations and in a word losing its stability.

Asaresultdesign team shall check different parts of bridge
after construction of each one of the deck segments and

[1] L8l ] o) g o

Figure 25 — Analysis of Buffeting of bridge

readjust the stress in the previously implemented cables.

During construction the bridge is vulnerable to
overstressing in certain parts, losing stability and most
importantly to the buffeting effects of wind.

Instrumentation and Monitoring

Cable stayed bridge works like a sophisticated puzzle. It
has a lot of redundancies that prevent bridge to collapse
unexpectedly or show noticeable deformations. On the
other hand there are vibrations and deformations that
seem to be worrisome, but in reality are quite safe and
expected. Hence the operator shall always check and
monitor certain important points of the bridge assembly
to make sure it is safe and will remain safe during its life
expectancy.

Figure 28 shows recommended locations for different
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Figure 24 — Real fluttering of bridge deck

monitoring instruments like accelerometers, strain gauges,
wind speed and direction and other important factors.

These instruments shall be implemented during
construction and monitored immediately.

—

Figure 24 — Galloping of cables

Conclusion

Thecablestayedbridge hasalotof differentconfigurations
and can fitalmost every architectural/urban design setting.

This flexibility of design, gives designer, who sometimes
1s not a bridge engineer, to let its imagination pony to
wander around and create sophisticated and at the same
time elegant designs.

Figure 26 — General sequence of construction
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and construction and also stability compared to suspension
bridges, engineers are trying to push the boundaries and
So far this type of bridge is mostly used for spans ranging use it in even longer spans.
from 100 to 1000 meters but due to its benefits of design
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Fusion Power Revolution

By: Sina Forouzi*
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On mid-December 2022, a scientific breakthrough
announced by fusion powers (FP) researchers, created a
major optimism and hope for beginning of an era of super
cheap, super clean, sustainable source of energy of a near
future. Thatannouncement has generated confidence that
FP may be a reality, rather than a science fiction. It is
expected that the P industry enters a major economic
/ commercial phase by any time after 2025 and last for
decades to come.

According to US Department of Energy (DOE)'
December 13, 2022, the fusion power (FP) breakthrough
has been achieved, and DOE National Laboratory makes
history by achieving fusion ignition. DOE indicated that
they may be entering the FP historic era much sooner
than what has been expected before. Only it may be few
years away from such historic energy and environmental
change. A major turning pointin the global energy supply
that would trigger more global sustainable economic and
social development, control the global warming, and
support environmental, health, and wellbeing. A new
epoch in human history may begin in a very near future.

Fusion Power (FP) may have reached a historic milestone
with its first positive output of energy production. For
decades, FP scientists have been impatiently waiting for
this historic breakthrough in fusion power research and
development. The achievement has been so great that
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created a wave of optimism in the various disciplines and
endeavors. The impact of such historic breakthrough
may have an enormous impact not only on energy related
industries, but also on various other sectors, industries, and
disciplines, from economic, international cooperations
and sustainable development, environment sustainability
and protection, transportation
and EV development and infrastructures, aerospace,
telecommunication, to social, urban and development and
design, politics, and policy development...

education, health,

Fusion Power technology in brief:

Fusion power (FP) is a type of power generation that
would produce electricity by generating heat. Instead of
fission of nucleus in present nuclear power generation,
FP utilizes fusion of nuclear reactions: Two atomic nuclei
connect to create a heavier nucleus. That combination
releases energy, that may be harnessed in reactors.

According to the World Nuclear Association (www.
world-nuclear.org)?, FP offers the prospect of an almost
inexhaustible source of energy for future generations, but
it also presents so far unresolved engineering challenges.
The fundamental challenge is to achieve a rate of heat
emitted by a fusion plasma that exceeds the rate of energy
injected into the plasma. The main hope is centered
on tokamak reactors and stellarators which confine a
deuterium-tritium plasma magnetically.

The only time ever, in December 2022, researchers were
able to extract more energy than they inputinto the system,
in afusion reaction. More specifically the amount of power
generated was about %150 of the amount inputted into
the system — a clear sign of positive energy produced by
the FP process.

For a long time, it has been known by scientists® that
fusion powers the Sun and stars, as hydrogen atoms fuse
together to form helium, and matter is converted into
energy. Hydrogen, heated to very high temperatures
changes from a gas to a plasma in which the negatively-
charged electrons are separated from the positively-
charged atomic nuclei (1ons). Normally, fusion is not
possible because the strongly repulsive electrostatic forces
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between the positively charged nuclei prevent them from
getting close enough together to collide and for fusion to
occur. However, if the conditions are such that the nuclei
can overcome the electrostatic forces to the extent that
they can come within a very close range of each other,
then the attractive nuclear force (which binds protons and
neutrons togetherin atomic nuclei) between the nuclei will
outweigh the repulsive (electrostatic) force, allowing the
nuclei to fuse together. Such conditions can occur when
the temperature increases, causing the ions to move faster
and eventually reach speeds high enough to bring the ions
close enough together. The nuclei can then fuse, causing
arelease of energy’.

In the Sun, massive gravitational forces create the right
conditions for fusion, but on Earth they are much harder
to achieve. Fusion fuel — different isotopes of hydrogen —
must be heated to extreme temperatures of the order of
50 million degrees Celsius, and must be kept stable under
intense pressure, hence dense enough and confined for
long enough to allow the nuclei to fuse’.

Since the research began in the 1940s, researchers were
not able to produce a positive fusion energy gain factor,
until December 2022, that The National Ignition Facility
(NIF)%, a laser-based inertial confinement fusion (ICF)
research device, has announced its first positive fusion
energy gain factor* - The output of power generated was
more that input power.

During the last decades many countries have joined
the FP research and development such as the European
Union, the USA, Japan, China, Russia, Canada, Korea®.

Atpresent, two main experimental approaches’ are being
studied: magnetic confinement and inertial confinement.
The first method uses strong magnetic fields to contain the
hotplasma. The secondinvolves compressingasmallpellet
containing fusion fuel to extremely high densities using
strong lasers or particle beams. A range of magnetized
target fusion systems are also being developed, along with
experiments with hybrid fusion®.

Althoughone of thebiggestadvantagesof FPovernuclear
fission would be reducing radioactivity of the operations
and increasing safety, according to DOE National
Laboratory' , few challenges: the necessary combination
of temperature, pressure, and duration has proven to be
difficult to produce in a practical and economical manner.
Also, there have been major challenges that are still being
tackled with such as managing neutrons that are released
during the reaction, which over time degrade many
common materials used within the reaction chamber.
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A summary of Fusion Power development
history’:

1920: Discovery of the fact that the mass of four
Hydrogen atoms is heavier than one helium by Francis
William Aston, aBritish physicist. Therefore,by combining
the hydrogen atoms to form helium, excess energy can be
released (the critical outcomes of fusion of atoms in the
Sun that release enormous measures of energy).

1930s: Nuclear experiments began using particle
accelerator at Ernest Rutherford, Cavendish Laboratory
at University of Cambridge, by John Cockcroft and
Ernest Walton.

In 1932 the first artificial fission was realized by Ernest
Walton, employing protons from an accelerator, splitting
lithium to particles.

In 1933, first time Neutrons detected from fusion process.

In 1939, theories confirmed that in the core of the Sun,
one of the protons might be converted into a neutron to
produce deuterium, fusing other reactions for releasing
more energy.

Hans Bethe discovered that nuclear fusion was possible
and that it was the energy source for the sun. °

A theory verified by Hans Bethe in 1939 showed that
beta decay and quantum tunneling in the Sun’s core
might convert one of the protons into a neutron and
thereby produce deuterium rather than a diproton. The
deuterium would then fuse through other reactions to
further increase the energy output.

1940s: Beginning in the 1940’ researchers began to
look for ways to initiate and control fusion reactions
to produce useful energy on earth. From the start, the
task was difficult, because fusion reactions required
temperatures of hundreds of millions of degrees, too hot
to be contained by any solid chamber. In stead, physicists
sought to contain the hot plasma with magnetic fields,
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using, for example, the pinch effect where electric currents
moving in the same direction attract each other through
their magnetic fields. This approach was called “magnetic

confinement”. ¢

The first patent related to a fusion reactor was registered
in 1946[16] by the United Kingdom Atomic Energy
Authority.

1950s: Initially the works in the U.S., UK and USSR
was secret. However, by the mid-1950’s administrators
and scientists alike were convinced that controlled fusion
research had no military applications, and had nothing to
do with the development of thermonuclear weapons. The
first thermonuclear weapons had been detonated in the
early 1950’s. In an H-bomb, or thermonuclear weapon,
the tremendous energy of a fission-based nuclear weapon
1s used to heat up a large amount—tens or hundreds of
kilograms—of a fusion fuel to release fusion energy in an
explosion. By contrast, in controlled fusion research—and
in a future fusion generator—not even one gram of fuel
would be heated to high temperature at any one time.
This tiny amount of highly heated fuel is far too small to
serve as a “spark” for the kilograms of fuel needed for a
weapon. In fact, any contact between the tiny amount of
hot fuel plasma and a larger object, such as the fuel for a
bomb, would immediately douse the fusion reaction by
lowering the plasma’s temperature. (Thus the conversion
of a fusion generator into bomb, sometimes portrayed in
science fiction, is impossible.) ®

The first successful man-made fusion device was the
boosted fission weapon tested in 1951 in the Greenhouse
Item test. The first true fusion weapon was 1952’s Ivy
Mike, and the first practical example was 1954’s Castle
Bravo. In these devices, the energy released by a fission
explosion compresses and heats the fuel, starting a fusion
reaction. Fusion releases neutrons. These neutrons hit the
surrounding fission fuel, causing the atoms to split apart
much faster than normal fission processes. This increased
the effectiveness of bombs: normal fission weapons blow
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themselves apart before all their fuel is used; fusion/fission
weapons do not waste their fuel.

Tokamak: In 1950-1951 in the Soviet Union, Igor
Tamm and Andrei Sakharov first discussed a tokamak-
like approach. Experimental research on those designs
began in 1956 at the Moscow Kurchatov Institute by a
group of Soviet scientists led by Lev Artsimovich. The
tokamak essentially combined a low-power pinch device
with a low-power stellarator. The notion was to combine
the fields in such a way that the particles orbited within
the reactor a particular number of times, today known
as the “safety factor”. The combination of these fields
dramatically improved confinement times and densities,
resulting in huge improvements over existing devices.

Seeking to generate electricity, Japan, France and Sweden
all start fusion research programs

In 1956 the Soviet Union began publishing articles on
plasma physics, leading the US and UK to follow over the
next several years.

1960s: In 1960 John Nuckolls published the concept of
inertial confinement fusion (ICF).

The laser, introduced the same year, turned out to be a
suitable “driver”.

Laser fusion was suggested in 1962 by scientists at LLNL.
Initially, lasers had little power. Laser fusion (inertial
confinement fusion) research began as early as 1965.

At the 1964 World’s Fair, the public was given its first
fusion demonstration. The device was a Theta-pinch from
General Electric. This was similar to the Scylla machine
developed earlier at Los Alamos.

By the mid-1960s progress had stalled across the world. All
of the major designs were losing plasma at unsustainable
rates. The 12-beam “4 pi laser” attempt at inertial
confinement fusion developed at LLNL targeted a gas-
filled target chamber of about 20 centimeters in diameter.

The magnetic mirror was first published in 1967 by
Richard F. Post and many others at LLNL. The mirror
consisted of twolarge magnets arranged so they had strong
fields within them, and a weaker, but connected, field
between them. Plasma introduced in the area between

the two magnets would “bounce back” from the stronger
fields in the middle.

A.D. Sakharov’s group constructed the first tokamaks.
The most successful were the T-3 and its larger version
T-4. T-4 was tested in 1968 in Novosibirsk, producing
the first quasistationary fusion reaction. When this was
announced, the international community was skeptical.
A British team was invited to see T-3, and confirmed the
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Soviet claims. A burst of activity followed as many planned
devices were abandoned and tokamaks were introduced
in their place—the C model stellarator, then under
construction after many redesigns, was quickly converted
to the Symmetrical Tokamak.

Plasma temperatures of approximately 40 million degrees
Celsius and 109 deuteron-deuteron fusion reactions per
discharge were achieved at LANL with Scylla IV.

In 1968 the Soviets announced results from the T-3
tokamak, claiming temperatures an order of magnitude
higher than any other device. A UK team, nicknamed
“The Culham Five”, confirmed the results. The resultsled
many other teams, including the Princeton group, which
converted their stellarator to a tokamak.

1970s:1n 1972, John Nuckolls outlined the idea of fusion
ignition, a fusion chain reaction.

Hot helium made during fusion reheats the fuel and
starts more reactions. Nuckolls’s paper started a major
development effort. LLNL built laser systems.

The UK built the Central Laser Facility in 1976.

The “advanced tokamak” concept emerged, which
included non-circular plasma, internal diverters and
limiters, superconducting magnets, and operation in the
so-called “H-mode” island of increased stability.

In 1977, the 20 beam Shiva laser there was completed,
capable of delivering 10.2 kilojoules of infrared energy on
target. At a price of $25 million and a size approaching
that of a football field, Shiva was the first megalaser.

The DOE selected a Princeton design Tokamak Fusion
Test Reactor (T'FTR) and the challenge of running on
deuterium-tritium fuel.

The 20 beam Shiva laser at LLNL became capable of
delivering 10.2 kilojoules of infrared energy on target.
Costing $25 million and nearly covering a football field,
Shiva was the first “megalaser” at LLNL.

1980s: In 1982 high-confinement mode (H-mode) was
discovered in tokamaks.

Magnetic mirror: The US funded a magnetic mirror
program in the late 1970s and early 1980s.

Laser: In 1983, the NOVETTE laser was completed.

The following December, the ten-beam NOVA laser was
finished.

Fiveyearslater, NOVA produced 120kilojoules of infrared
light during a nanosecond pulse.

Research focused on either fast delivery or beam
smoothness. Both focused onincreasing energy uniformity.

In 1985, Donna Strickland and Gérard Mourou invented
a method to amplify laser pulses by “chirping”.
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In tokamaks, the Tore Supra was under construction from
1983 to 1988 in Cadarache, France. Its superconducting
magnets permitted it to generate a strong permanent
toroidal magnetic field. First plasma came in 1988.

In 1983, JET achieved first plasma.

In 1984, Martin Peng proposed an alternate arrangement
of magnet coils that would greatly reduce the aspect ratio
while avoiding the erosion issues of the compact tokamak:
a spherical tokamak. Instead of wiring each magnet coil
separately, he proposed using a single large conductor in
the center, and wiring the magnets as half-rings off of this
conductor.

In 1985, the Japanese tokamak, JT-60 produced its first
plasmas.

In 1988, the T-15 a Soviet tokamak was completed, the
first to use (helium-cooled) superconducting magnets.

The International Thermonuclear Experimental
Reactor (ITER) coalition forms, involving EURATOM,
Japan, the Soviet Union and United States and kicks off
the conceptual design process.

1990s: In 1991 JET’s Preliminary Tritium Experiment
achieved the world’s first controlled release of fusion power.

In 1992, Physics Today published Robert McCory’s
outline of the currentstate of ICF, advocating foranational
ignition facility. This was followed by a review article from
John Lindl in 1995, making the same point. During this
time various ICF subsystems were developed, including
target manufacturing, cryogenic handling systems, new
laser designs (notably the NIKE laser at NRL) and
improved diagnostics including time of flight analyzers
and Thomson scattering. This work was done at the NOVA
laser system, General Atomics, Laser Mégajoule and the
GEKKO XII system in Japan. Through this work and
lobbying by groups like the fusion power associates and
John Sethian at NRL, Congress authorized funding for
the NIF project in the late nineties.

In 1992 the United States and the former republics of the
Soviet Union stopped testing nuclear weapons.

In1993 TFTRatPPPLexperimentedwith50%deuterium,
50% tritium, eventually reaching 10 megawatts.

In 1995, the University of Wisconsin—-Madison built a
large fusor, known as HOMER.

The next year, Tore Supra reached a record plasma
duration of two minutes.

ITER was officially announced as part of a seven-party
consortium (six countries and the EU). ITER was designed
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to produce ten times more fusion power than the input
power. ITER was sited in Cadarache. The US withdrew
from the project in 1999.

The upgraded Z-machine opened to the public in August
1998. The key attributes were its 18 million ampere current
and a discharge time of less than 100 nanoseconds.

In the late nineties, a team at Columbia University and
MIT developed the levitated dipole, a fusion device that
consisted of a superconducting electromagnet, floating in
a saucer shaped vacuum chamber. Plasma swirled around
this donut and fused along the center axis.

2000s: “Fast ignition” appeared in the late nineties, as
part of a push by LLE to build the Omega EP system,
which finished in 2008. Fast ignition showed dramatic
power savings and moved ICF into the race for energy
production. The HiPER experimental facility became
dedicated to fast ignition.

In 2001 the United States, China and Republic of Korea
joined ITER while Canada withdrew.

In April 2005, a UCLA team announced a way of
producingfusion usingamachine that “fitsonalabbench”,
using lithium tantalate to generate enough voltage to fuse
deuterium. The process did not generate net power.

The nextyear, China’s EAST test reactor was completed.
Thiswas the first tokamak to use superconducting magnets
to generate both toroidal and poloidal fields.

In the early 2000s, LANL researchers claimed that an
oscillating plasma could reach local thermodynamic
equilibrium. This prompted the POPS and Penning trap
designs.

In 2005 NIF fired its first bundle of eightbeams, achieving
the most powerful laser pulse to date - 152.8 k] (infrared).

In March 2009, NIF became operational.

In the early 2000s privately backed fusion companies
launched to develop commercial fusion power. Tr1 Alpha
Energy, founded in 1998, began by exploring a field-
reversed configuration approach. In 2002, Canadian
company General Fusion began proof-of-concept
experiments based on a hybrid magneto-inertial approach
called Magnetized Target Fusion. Investors included Jeff
Bezos (General Fusion) and Paul Allen (Tri Alpha Energy).
Toward the end of the decade, Tokamak Energy started
exploring spherical tokamak devices using reconnection.

2010s: Private and public research accelerated in the
2010s.

Private projects:

General Fusion developed its plasma injector technology
and Tri Alpha Energy constructed and operated its C-2U
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device. In August 2014, Phoenix Nuclear Labs announced
the sale of a high-yield neutron generator that could
sustain 5X10 deuterium fusion reactions per second over
a 24-hour period.

In October 2014, Lockheed Martin’s Skunk Works
announced the development of a high beta fusion reactor,
the Compact Fusion Reactor. Although the original
concept was to build a 20-ton, container-sized unit, the
team conceded in 2018 that the minimum scale would be

2,000 tons.

In January 2015, the polywell was presented at Microsoft
Research. TAE Technologies announced that its Norman
reactor had achieved plasma.

In 2017, Helion Energy’s fifth-generation plasma
machine went into operation, seeking to achieve plasma
density of 20 T and fusion temperatures. ST40 generated
“first plasma”.

In 2018, Eni announced a $50 million investment
in Commonwealth Fusion Systems, to attempt to
commercializeARCtechnologyusingatestreactor(SPARC)
in collaboration with MI'T. The reactor planned to employ
yttrium barium copper oxide (YBCO) high-temperature
superconducting magnet technology. Commonwealth
Fusion Systems in 2021 tested successfully a 20 T magnet
makingit the strongest high-temperature superconducting
magnet in the world. Following the 20 T magnet CFS
raised $1.8 billion from private investors.

General Fusion began developing a 70% scale demo
system.] TAE Technologies’ reactor reached nearly 20
MeC.

Government and academic projects:

In 2010, NIF researchers conducted a series of “tuning”
shots to determine the optimal target design and laser
parameters for high-energy ignition experiments with
fusion fuel. Net energy gain was achieved in August 2013.

In April 2014, LLNL ended the Laser Inertial Fusion
Energy (LIFE) program and directed their efforts towards
NIE

A 2012 paper demonstrated that a dense plasma focus
had achieved temperatures of 1.8 billion degrees Celsius,
sufficient for boron fusion, and that fusion reactions
were occurring primarily within the contained plasmoid,
necessary for net power.

In August 2014, MIT announced a tokamak it named
the ARC fusion reactor, using rare-earth barium-copper
oxide (REBCO) superconducting tapes to construct high-
magnetic field coils that it claimed produced comparable
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magnetic field strength in a smaller configuration than
other designs.

In October, researchers at the Max Planck Institute of
Plasma Physics completed building the largest stellarator
to date, the Wendelstein 7-X. In December they produced
the first helium plasma, and in February 2016 produced
hydrogen plasma. With plasma discharges lasting up to 30
minutes, Wendelstein 7-X attempted to demonstrate the
essential stellarator attribute: continuous operation of a
high-temperature plasma.

In 2019 the United Kingdom announced a planned
£200-million (US$248-million) investment to produce a
design for a fusion facility named the Spherical Tokamak
for Energy Production (STEP), by the early 2040s.

In 2014 EAST achieved a record confinement time of
30 seconds for plasma in the high-confinement mode
(H-mode), thanks to improved heat dispersal. This was
an order of magnitude improvement vs other reactors. In
2017 the reactor achieved a stable 101.2-second steady-
state high confinement plasma, setting a world record in
long-pulse H-mode operation.

In 2018 MIT scientists formulated a theoretical means
to remove the excess heat from compact nuclear fusion
reactors via larger and longer divertors.

2020s: The US DOE launched the INFUSE program,
a public-private knowledge sharing initiative involving
a PPPL, MIT Plasma Science and Fusion Center and
Commonwealth Fusion Systems partnership, together
with partnerships with TAE Technologies, Princeton
Fusion Systems, and Tokamak Energy. In 2021, DOE’s
Fusion Energy Sciences Advisory Committee approved a
strategic plan to guide fusion energy and plasma physics
research that included a working power plant by 2040,
similar to Canadian, Chinese, and U.K. efforts.

In January 2021, SuperOx announced the
commercialization of a new superconducting wire, with
more than 700 A/mm?2 current capability.

TAE Technologies announced that its Norman device
had sustained a temperature of about 60 million degrees
C for 30 milliseconds, 8 and 10 times higher, respectively,
than the company’s previous devices. The duration was
claimed to be limited by the power supply rather than the
device.

On August 6th of 2021, the National Ignition Facility
recorded a record-breaking 1.3 megajoules of energy
created from fusion. This was certified as the first example
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of a burning plasma, where fusion reactions were used to
create secondary fusion reactions in the spring of 2022.

The Chinese experimental nuclear fusion reactor HL-
2M achieved its first plasma discharge. In 2021 EAST set
a new world record for superheated plasma, sustaining a
temperature of 120 M°C for 101 seconds and a peak of
160 M°C for 20 seconds. In December 2021 EAST set a
new world record for high temperature (70 M°C) plasma
of 1,056 seconds.

In early 2022, JET sustained 11 MW and a Q) value of
0.33 for over 5 seconds, outputting 59.7 megajoules, using
amix of deuterium and trittum for fuel. Shortly afterwards
it was announced that Tokamak Energy achieved a record
plasma temperature of 100 million degrees Kelvin, inside
a commercial compact tokamak.

In December 2022, the NIF achieved the first scientific
breakeven controlled fusion experiment, with an energy
gain of 1.5.

Footnotes:

1) https://www.energy.gov/articles/doe-national-
laboratory-makes-history-achieving-fusion-ignition

2) https://world-nuclear.org/information-library/
current-and-future-generation/nuclear-fusion-power.
aspx

3) The National Ignition Facility (NIF), is a laser-based
inertial confinement fusion (ICF) research device, located
atLawrence Livermore National Laboratoryin Livermore,
California, United States) has announced its first positive
fusion energy gain factor - The output of power generated
was more that input power

4) positive fusion energy gain factor: https://www.
futurelearn.com/info/courses/frontier-physics-future-
technologies/0/steps/228802

3) World Nuclear Association: https://
world-nuclear.org/information-library/current-
and-future-generation/nuclear-fusion-power.
aspx#:~:text=Fusion%?20powers®%20the%20Sun%20
and,charged®20atomic®%20nuclei®%20(ions).

6) https://www.lppfusion.com/technology/brief-
history-of-fusion-power/#

7) https://en.wikipedia.org/wiki/Fusion_power

* Sina Forouzi

B.A. C.Sci.

Solutions Design, Innovation Programs Training &
Capacity Building Facilitator

Workforce Dynamics Development Counselor, CWC
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In Search of Hidden Dimensions

By: Geoff Brumfiel , Nature*

So far, string theory has defied experiments, but Nima
Arkani-Hamed thinks he has found a way to put the idea
to test

Ask most theorists when they think their calculations will
be tested experimentally and you’ll be told “decades” or
sometimes more honestly, “never”.

But ask Nima Arkani-Hamed, a physicist at Harvard
University, and he will give you a far closer date: 2008.
That is when the first results from the Large Hadron
Collider, the world’s most powerful particle accelerator,
are expected to be released by CERN, the European
particle-physics laboratory near Geneva, Switzerland.
And if Arkani-Hamed’s predictions are correct, then that
1s when an experiment will detect the first evidence to
support string theory, a vision of the cosmos that has never
been verified experimentally. “The field is going to turn
on what happens at the collider,” he says.

Pacing his sparse Harvard office, the 32-year-old physicist
drinks no less than six cups of espresso during our hour-
and-a-half interview, as he tries to explain why he thinks
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string theory can now be tested.

String theory emerged in the 1980s as a way to answer
questions that still baffle modern physics, such as why 1s
gravity so much weaker than other fundamental forces?
By imagining that everything is composed entirely of
strings ten billion billion times smaller than atomic nuclet,
theoretical physicists were able to create a model of the
Universe that unified all fundamental forces into one, and
described mostof the particles we see today. Unfortunately,
these strings are far too small to be detected by even the
most powerful particle accelerators. And so, critics say,
they are more philosophy than physics.

Arkani-Hamed’s ideas have very little to do with strings
themselves. Instead, he is hoping to detect the extra
dimensions predicted by the theory, which, like the strings,
are thought to be vanishingly small. But in 1998, Arkani-
Hamed and his colleagues published calculations showing
that some of these extra dimensions might be as large
as a millimetre (N. Arkani-Hamed, S. Dimopoulos and
G. Dvali Phys. Lett. B 429, 263—-272; 1998). Such large
dimensions, they argued, have escaped detection because
everything we know — except for gravity — is confined
to the three dimensions of space and one of time. But
gravity, they think, might be able to seep into these extra
dimensions. This would explain why it seems so weak to
us. And, as a result, unexpected variations in gravity could
allow researchers to detect the hidden dimensions.

Leaking away

“Itwas awatershed eventin the field,” recalls Joe Lykken,
atheoretical physicist at Fermilab near Chicago in Illinois.
Suddenly, a theory that most thought could never be tested
was within experimental reach. Some groups rushed to
look for deviations in gravity at small scales. So far, they
have nothing to report, but the hope created by Arkani-
Hamed’s work is enough to win him wide praise. “The
word ‘genius’ 1s overused, but I think it is easily applicable
in the case of Nima,” says Savas Dimopoulos, a Stanford
theorist and one of Arkani- Hamed’s collaborators. The
son of two Iranian physicists, Arkani-Hamed was born
in Houston, Texas, and grew up in

Continued on page 21
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Powering the Future

Canadian-Iranian Engineers Leading the way in the Energy Transition

Canada is at the forefront of the energy transition. With
rising oil and energy prices, and a national commitment
to the deployment of clean energy, Canadian businesses
are facing challenges of becoming more efficient and
sustainable, while also navigating the ever-changing and
complexworldof energy. Buthowdomanycompaniessuch
as RBC and Metrolinx look to deal with these challenges?
They turn to Edgecom Energy, a company founded by the
latest generation of Iranian Canadian Engineers.

Edgecom Energy is at the heart of the energy transition,
leading the way in the country’s shift towards a future with
more sustainable and responsible energy consumption.
The company is a certified B Corp, a designation that a
businessis meeting high standards of verified performance,
accountability, and transparency. Edgecom’s commitment
to this cause can be traced back to founder Behdad
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Bahrami, who recognized the need for a more responsible
and efficient use of energy resources, especially among
large energy consumers.

Behdad is the Founder and CEO of Edgecom Energy
and has over a decade of experience in the field. He
immigrated to the GTA as a young child and has a
Bachelor of Engineering from McMaster University. He
previously served as the Energy Manager foramajor North
American plastic manufacturer, managing energy budgets
of $30M+. During his tenure, Behdad singlehandedly
surpassed the combined energy savings and conservation
efforts of 45 Ontario utilities over six years. He also served
as the customer-side Project Manager for one of Ontario’s
largest battery energy storage installations, procuring a
7MW/ 14MWh system. This experience ultimately led to
Behdad establishing Edgecom Energy in 2016, bringing
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with him valuable insight into some of the most prevalent
challenges facing large energy consumers.

The challenges are not unique to just large energy-
consuming facilities. The energy transition is one of the
most significant global challenges of our time. Climate
change, air pollution, and energy security are just a few
of the many pressing issues the world 1s facing. The
energy sector and large-scale industrial operations are
responsible for a significant portion of global carbon
emissions, and Canadians must find ways to reduce their
impact. Edgecom is dedicated to finding innovative and
sustainable solutions to meet the energy needs of the
future. The company’s approach to energy management
is based on the integration of advanced technologies and
renewable energy sources.

The company’s flagship products started with pTrack, a
gridpeakpredictionsoftware thatnotifieslarge energyusers
when the gridislikely toreachitshighest demand peaksand
helps reduce their energy bills significantly. The current
focus of the company is datalrack, a high-granularity
remote monitoring system for downstream monitoring
of energy consumption by individual departments and
machines, which allows users to make better decisions with
more data.

Recent endeavours include the launch of their new
residential submetering division focused on bringing
the benefits of effective energy management to a
whole new playing field. Billing tenants for their actual
consumption and reducing utility waste. Thisis paired with
building energy building decarbonization and building
performance simulation services, aimed at improving the
energy efficiency and sustainability of large residential and
commercial buildings.

To complement its services, Edgecom Energy found its
partner in another Iranian Canadian engineer. Circuit
Energy was founded by Sean Mirrahimi, current CRO
of Edgecom Energy and a fellow first-generation Iranian
Canadian immigrant. Sean, a Professional Engineer, and
a University of Toronto Alumnus, started his career in
the Telecom sector and played a pivotal role in the design
and deployment of Rogers’ LTE network in Ontario. He
then launched his business development firm in the field
of solar and with the gained experience and technical
knowledge, aligned his vision with Behdad in 2017 and
founded Circuit Energy.
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As an engineering and implementation arm of Edgecom
Energy, Circuit Energy has delivered many energy
efficiency and retrofit projects in Ontario and has recently
restructured its operations to focus on Custom-built
Power Conditioning Solutions, Battery Energy Storage
Systems, and Solar PV Solutions. Engineered in-house
and builtin Ontario, Circuit Energy’s core offering; Power
Conditioning Systems addresses power quality issues that
are detrimental to the manufacturing sector while their
Battery Storage Division, provides industrial customers
with the means to tap into the savings available to them
as large consumers of energy without impacting their
operations or processes.

The Iranian Canadian community is known for its
entrepreneurial spirit. Over 50% of both companies’
employeesand 75%of theirseniormanagementareIranian
immigrants with technical and business backgrounds.
Canadais aland of opportunity for immigrants, and these
individuals have proven to be invaluable in driving the
success of the business and the growth of the energy sector
in Canada. Employees come from a wide range of age
groups and backgrounds, including Chinese, Portuguese,
Italian, German, Nigerian, and First Nation ancestry. The
company’s commitment to diversity and inclusiveness is
an integral part of its culture and reflects its belief in the
importance of a more sustainable and equitable future.

Canada’s path towards energy transition and a carbon-
neutral future is not meant to be easy, but companies
like Edgecom Energy and Circuit Energy will continue
to push forward with innovative approaches to green
energy, combined with its commitment to diversity and
inclusiveness, serves as a testament to the entrepreneurial
spirit of the Iranian Canadian community.

* Amirhossein Alaghmandfard holds his master’s and
bachelor’s degrees in Advanced Materials Selections and
Characterizationin the Materials Science and Engineering
department from Sharif University of Technology (SUT)
and worked on developing magnetic nanomaterials, used
as the MRI contrast agent. For about a year, he was a
researcher at the University of Guelph (UofG)1in Ontario,
(Canada and his main focus was on designing materials for
the photocatalytic application. Currently, he is a Ph.D.
student in the Mechanical Engineering department at
the University of Victoria (UVic) in B.C., Canada. He is
working on designing materials for sensing gases which can
be used in biomedical applications and are mostly known
as breath analyzers to diagnose some kinds of health issues
such as diabetes, kidney failure, etc.
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Hydrogen Gas Sensors Based on

Metal Oxide Semiconductors

By: Amirhossein Alaghmandfard

Hydrogen (H2) is a clean
energy source that can be used
in households, transportation,
and spacecraft as a green and
abundant energy source. It is
noteworthy to announce that
this source of energy can be
substituted with fossil fuels in
the future since it may produce
seemingly harmless by-products like H20.

Despite being so useful, H2 is colourless, odourless,
and tasteless and may cause serious damage since it 1s
flammable, combustible, and explosive. It also causes
asphyxia, whichisasituation thatdecreases oxygen content
in the human body. Because of the mentioned problems,
more safety measures during transportation and
storage 1s required. As a result, there is a great
need to design and fabricate sensors with high
sensitivity, selectivity (ability to discriminate target
gas from other available gases), and repeatability
to efficiently detect hydrogen gas.

Recently, researchers have tried to find an
efficient way to monitor the presence of H2 gas
in the atmosphere and leakage from pipelines in
the industry. There are different types of sensors,
including resistive, electrochemical, gasochromic,
optical, etc. each method has lots of benefits and
drawbacks. For example, although resistive sensors
have many advantages like high sensitivity, fast
response, and low cost of fabrication, they have
several disadvantages such as poor selectivity and
are mostly humidity-dependant. Another example
is the electrochemical sensors, which require low
power consumption; however, they suffer from high costs
for fabrication and poor selectivity. Gasochromic and
optical sensors also have lots of pros and cons. They are
so safe for the detection of explosive gases and require low
operating temperatures. Also, the response time for this
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type of sensor is so fast. On the other hand, it is so hard
to fabricate and their selectivity and response at low H2
concentrations are not good enough.

For different kinds of sensors, the following reactions will
occur during the hydrogen sensing (Equations 1-5) [1],

0y (gas) — 2'9{udm-aeuu (1)
ﬂfﬂﬂ'SﬂTDEd] + 'E(_Fr\u:m semEer) Ogasorvea (2)
Hagas) = ZHiadsorved on sensor) (3]
Hlifrﬂmras'ﬂ an sensary T Ogasorvea = MHagsorvea (4]
OHpsorbea T Higasorseay = W20 + &[0 ting (3]

Several kinds of materials can be used to monitor the
presence of hydrogen in the atmosphere. One type of
material that can be used as a gas sensor 1s metal-oxide-

semiconductors (MOS). Researchers and people in the
industry (like Figaro, FIS, MICS, UST, City Tech, Applied
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Sensors, etc.) have worked on the use of different MOSs
in H2 sensing applications.

SnO2, ZnO, WO3, T102, etc. have been widely studied
for monitoring H2 gas [2]. Since they not only have facile
and cost-effective preparation methods, but also show
excellent stability, sensitivity, and selectivity toward H—2
in the ambient atmosphere. Metal oxides can also be
combined with other materials to improve their sensing
properties. As a case in point, graphene (G) is an option
which is added to nickel oxides (NiO) to improve H2
sensitivity. In this research, the sensor shows a response
of 52.4% at 200 °C and 2000 ppm of H2 with good
repeatability [3]. In another research, the WO3 was used
as a gasochromic H™2 gas sensor and can be fabricated on
flexible substrates like textiles and fabrics. The presence of
hydrogen can be detected by changing the colour of the
sensor [4].

Reference:

1. Jaiswal, J.; Tiwari, P; Singh, P.; Chandra, R.
Fabrication of Highly Responsive Room Temperature
H2 Sensor Based on Vertically Aligned Edge-Oriented
MoS2 Nanostructured Thin Film Functionalized by Pd
Nanoparticles. Sens Actuators BChem 2020, 325, 128800.

2. Phanichphant S. Semiconductor metal oxides as
hydrogen gas sensors. Procedia Engineering 2014, 87,
795-802.

3. Kamal, T. High Performance NiO Decorated
Graphene as a Potential H2 Gas Sensor. J Alloys Compd
2017, 729, 1058-1063.

4, Mirzaei, A.; Kim, J.-H.; Kim, H. W.; Kim, S. S.
Gasochromic WO3 Nanostructures for the Detection of
Hydrogen Gas: An Overview. Applied sciences 2019, 9
9), 1775.

Continued From page 21

Boston.

After the Iranian revolution of 1979, his family returned
to their homeland, but as religious fundamentalists
took over the government, his father was forced to go
underground, and the family eventually had to flee
across the border to Turkey. By 1982, Nima was living
in Toronto, Canada.

Recalling his early life, Arkani-Hamed says that his time
in Iran was largely a positive experience. “The strange
thing is that I have mostly wonderful memories,” he says.
If anything, he adds, it taught him to worry less about
what others thought of him. “Given that so many aspects
of my life have been unusual, I've never had a problem
with feeling different or being different or doing different
things.”

As a child, Arkani-Hamed loved physics, but he initially
disliked almost everything about string theory. “String
theory just seemed like abstruse junk to me,” he says.

“What I really liked was physics that explained things
about the world around me.”

That changed when he began studying quantum field
theory at the University of Toronto. At first, this complex
theory — which underlies high-energy physics and much
of string theory — seemed too arcane, butas he studied it
more carefully, he found alevel of order and explanation
far beyond anything he had learned before. “Clearly,
there was something very deep going on,” he says.

It captivated him, and by the time he finished graduate
school in 1997, he knew he wanted to try to make string
theory experimentally verifiable. He found an ally and
mentor in Dimopoulos, who has devoted his career to
seeking testable versions of string theory. “We believe that
the only way to make progressis to take an idea, and push
its consequences to find observations,” Dimopoulos says.

These days, in late-night phone calls and frequent
e-mails, the two are thinking about what might emerge
atthe Large Hadron Collider. Their current calculations
show thatsome of the energy created by particle collisions
in the machine could escape into extra dimensions,
carried off by leaking gravity, if those dimensions are
large enough. The result would be an apparent violation
of the conservation of energy a dramatic sign that string
theorists are on the right track.

Then again, they might not be. “You can spend ten
years of your life and every idea you come up with can
be wrong, and that’s gratifying in its own way,” Arkani-
Hamed says. But, he adds, as he reaches his caffeine-
fuelled conclusion: “If this thing turned out to be true,
it could be the biggest discovery in science in, say, 300
years.”

*Geoff Brumfiel is Nature’s Washington physical
sciences correspondent,

**Thisis a reproduction of an article published on 2005
in Nature
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