aglev is a completely new mode of

transport that will join the ship, the

wheel, and the airplane as a mainstay
in moving people and goods throughout the
world. Maglev has unique advantages over
these earlier modes of transport and will radi-
cally transform society and the world economy
in the 21st Century. Compared to ships and
wheeled vehicles—autos, trucks, and trains-
it moves passengers and freight at much high-
er speed and lower cost, using less energy.
Compared to airplanes, which travel at similar
speeds, Maglev moves passengers and freight
at much lower cost, and in much greater vol-
ume. In addition to its enormous impact on
transport, Maglev will allow millions of human
beings to travel into space, and can move vast
amounts of water over long distances to elimi-
nate droughts.

In Maglev—which is short for MAGnetic
LEVitation—high speed vehicles are lifted by
magnetic repulsion, and propelled along an
elevated guideway by powerful magnets
attached to the vehicle. The vehicles do not

~ MAGLEV

The New

Mode of Transport
For the 21st Century

by James Powell and Gordon Danby

physically contact the guideway, do not need
engines, and do not burn fuel. Instead, they are
magnetically propelled by electric power fed
to coils located on the guideway.

Why is Maglev important? There are four
basic reasons.

First, Maglev is a much better way to move
people and freight than by existing modes. It is
cheaper, faster, not congested, and has a much
longer service life. A Maglev guideway can
transport tens of thousands of passengers per
day along with thousands of piggyback trucks
and automobiles. Maglev operating costs will
be only 3 cents per passenger mile and 7 cents
per ton mile, compared to 15 cents per pas-
senger mile for airplanes, and 30 cents per ton
mile for intercity trucks. Maglev guideways
will last for 50 years or more with minimal
maintenance, because there is no mechanical
contact and wear, and because the vehicle
loads are uniformly distributed, rather than
concentrated at wheels. Similarly, Maglev
vehicles will have much longer lifetimes than
autos, trucks, and airplanes.

21st CENTURY Summer 2003

The inventors of
the world's first
superconducting
maglev system tell
how magnetic
levitation can
revolutionize world
transportation, and
even carry payloads

info space.

The Maglev 2000 can
operate in the open air, or in
underground tunnnels.

Using a low-pressure tunnel
will make it possible to get
from Los Angeles to New
York in 1 hour.
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Second, Maglev is very energy
efficient. Unlike autos, trucks, and
airplanes, Maglev does not burn
oil, but instead consumes electrici-
ty, which can be produced by coal-
fired, nuclear, hydro, fusion, wind,
or solar power plants (the most effi-
cient source now being nuclear). At
300 miles per hour in the open
atmosphere, Maglev consumes
only 0.4 megajoules per passenger
mile, compared to 4 megajoules
per passenger mile of oil fuel for a
20-miles-per-gallon auto that car-
ries 1.8 people (the national aver-
age) at 60 miles per hour (mph). At

Aluminum
dipole loop
(left)

150 mph in the atmosphere, loops at normal temperature;
Maglev consumes only 0.1 of a
megajoule per passenger mile,

which is just 2 percent of the ener-
gy consumption of a typical 60-
mph auto. In low-pressure tunnels
or tubes, like those proposed for
Switzerland's Metro system, energy
consumption per passenger mile
will shrink to the equivalent of 10,000 miles per gallon.

guideway.

Third, Maglev vehicles emit no pollution. When they con-
sume electricity, no carbon dioxide is emitted. Even if they use
electricity from coal- or natural-gas-fired power plants, the result-
ing C0, emission is much less than that from autos, trucks, and
airplanes, because of Maglev's very high energy efficiency.

Maglev has further environmental benefits. Maglev vehicles
are much quieter than autos, trucks, and airplanes, which is
particularly important for urban and suburban areas.
Moreover, because Maglev uses unobtrusive narrow-beam
elevated guideways, its footprint on the land is much smaller
than that of highways, airports, and railroad tracks.

Fourth, Maglev has major safety advantages over highway
vehicles, trains, and airplanes. The distance between Maglev
vehicles on a guideway, and the speed of the vehicles, are
automatically controlled and maintained by the frequency of
the electric power fed to the guideway. There is no possibility
of collisions between vehicles on the guideway. Moreover,
since the guideways are elevated, there is no possibility of col-
lisions with autos or trucks at grade crossings.

How Does Maglev Work?

Maglev has been a dream since the early 1900s. Emile
Bachelet proposed to magnetically levitate trains using
attached alternating current (AC) loops above conducting metal
sheets, such as aluminum, on the ground. Other ideas fol-
lowed, based on conventional electromagnets and permanent
magnets. However, all these proposals were impractical. Either
power consumption was too great, or the suspension was
unstable, or the weight that could be levitated was too small.

The first practical Maglev system was proposed and pub-
lished by us in 1966." It was based on Maglev vehicles carry-
ing lightweight superconducting magnets that induced currents
in a sequence of ordinary aluminum loops mounted along a
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conductor loops (approximately 600 kiloamp turns).

tion as vehicle loops move past them. The induced currents in "figure-8"
loops levitate and vertically stabilize the vehicle.

The left and right dipole guideway loops are electrically connected to form a cir-
cuit. Net flux and current in the circuit is zero when the vehicle is centered in the
If the vehicle moves left from the center, the magnet force develops to
push it back to the center.

Cross section of Top half
MAGLEYV Vehicle of aluminum
figure-8 loop
Superconducting
magnet loops _
on vehicle Aluminum
- - dipole loop
(right)
Bottom half
of aluminum
U-shaped reinforced concrete guideway figure-8 loop

Figure 1
SCHEMATIC OF MAGLEV VEHICLE IN U-SHAPED GUIDEWAY
In this Maglev system, which is similar to the one in Japan, the vehicle has super-

The guideway has aluminum
their loop currents are generated by magnetic induc-
guideway

guideway. These induced currents interacted with the super-
conducting magnets on the vehicle, levitating it above the
guideway. The levitated vehicle is inherently and passively sta-
ble against all external forces, including cross-winds, and the
centrifugal forces on curves, whether horizontal or vertical. If a
cross-wind tries to push the vehicle sideways, an opposing
magnetic force is automatically generated that holds the vehi-
cle on the guideway. If the vehicle is pushed down towards the
guideway, the levitation force automatically increases, prevent-
ing contact. If an external force lifts the vehicle away from the
guideway, the levitation force decreases, and the vehicle drops
back towards its equilibrium suspension height.

The levitation process is automatic, as long as the vehicle
moves at a speed above its lift-off speed. Below this speed,
which is in the range of 20 to 50 mph depending on design,
the finite electrical resistance of the aluminum loops on the
guideway decreases the induced currents to the point where
the magnetic force is too weak to levitate the vehicle. The
vehicle is supported at low speeds by auxiliary wheels, or by
locally powering the guideway. These lower-speed sections of
guideway are very short and are needed only when a vehicle
accelerates out of a station or decelerates into it.

Our 1966 paper sparked intense interest in Maglev in many
countries. It was quickly realized that superconducting mag-
nets made Maglev practical. Basically, superconducting mag-
nets are extremely powerful and lightweight permanent mag-
nets. Because they have zero electrical resistance, even when
they carry currents of hundreds of thousands of amps, their
power consumption is zero, except for a very small amount of
electric power for the refrigerators which keep the supercon-
ductor at cryogenic temperature.

After our 1966 publication, Maglev programs started in the
United States, Japan, Germany, and other countries. Sadly,
U.S. Maglev development stopped in the early 1970s



(although it has since recommenced—
more on that later), when the Department
of Transportation decided that High Speed
Rail and Maglev were not needed in the
United States because auto, trucks, and
airplanes would suffice for the indefinite
future.

However, major development programs
continued in Japan and Germany. Japan
focussed on superconducting Maglev, and
now has a commercially ready passenger
Maglev system based on our original
inventions. Japan Railways operates
Maglev vehicles at speeds up to 350 mph
on their 20-kilometer guideway in
Yamanashi Prefecture. Japan Railways
vehicles operate in the open atmosphere
and in deep mountain tunnels, both as
individual units, and as linked sets of up to
five units. A Japan Railways vehicle on the
Yamanashi guideway is shown here.

The basic features of superconducting
Maglev are illustrated in Figure 1 for a U-
shaped guideway similar to the one in Japan. The set of pas-
sive, null-flux aluminum loops on the sidewalls of the guide-
way levitates and laterally stabilizes the moving vehicle. The
vehicle is magnetically propelled along the guideway by a
second set of aluminum loops on the sidewalls, called the
Linear Synchronous Motor (LSM). The LSM loops are connect-
ed to a power line through electronic switches. When ener-
gized, the AC current in the LSM loops pushes on the super-
conducting loops attached to the vehicle, causing it to move
along the guideway.

The LSM propulsion acts like a conventional rotary syn-
chronous motor, except that it is linear instead of cylindrical.
It pushes the Maglev vehicles at a constant speed that is fixed
by the frequency of the AC current in the LSM loops, regard-
less of whether there are head or tail winds, or the vehicles are
climbing or descending a grade. The spacing between vehi-
cles always stays the same, making collisions impossible.
Linear Synchronous Motor propulsion is very efficient—more
than 90 percent of the electric power fed to the LSM loops
ends up as drive power to the vehicles.

Japan Railways plans a 300-mile Maglev route between
Tokyo and Osaka, to carry 100,000 passengers daily with a trip
time of one hour (Figure 2). More than 60 percent of the route
would be in deep tunnels through the mountains in the center
of Japan. The proposed route would open this region, now
sparsely populated, for development. Japan has spent more than
$2 billion in developing its Maglev system, and Japan Railways'
Maglev vehicles have clocked over 200,000 kilometers on the
Yamanashi guideway, carrying tens of thousands of passengers.

Germany's Transrapid
Germany has followed a different path to Maglev. Instead of
using superconducting magnets, the German Transrapid sys-
tem uses conventional room-temperature electromagnets on
its vehicles. The photo on page 46 shows how the electro-
magnets are attracted upwards to iron rails at the edges of a T-

Japan Railways

Proposed Route
For Tokyo-Osaka
Maglev Line

Figure 2
PROPOSED ROUTE FOR
TOKYO-OSAKA MAGLEV LINE
The wide gray line is the 300-mile proposed Tokyo-
Osaka line in central Japan. The thin line is the present

railway line. The location of the existing Yamanashi
Maglev line is shown (near Kofu).

Pictured above is a Japan Railways'
Yamanashi guideway

vehicle on the

shaped guideway beam, providing the magnetic force needed
to levitate the vehicle. However, in contrast to superconduct-
ing Maglev, which has an inherently stable magnetic levitation
force, the Transrapid magnetic levitation force is inherently
unstable. In superconducting Maglev, as the vehicle gets clos-
er to the guideway, its magnetic repulsive force becomes
greater, automatically pushing it away from the guideway. In
electromagnetic Maglev, as the vehicle gets closer to the
guideway, the magnetic attractive force becomes greater, auto-
matically pulling it closer to the guideway. To prevent the
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Transrapid
In the German Transrapid system, electromag-
nets are attracted upwards to iron rails at the
edges of a T-shaped guideway beam, providing
the magnetic force to levitate the vehicle.

high-speed vehicles from being drawn up to and
into contact with the guideway, and to overcome
this inherent instability, Transrapid uses a servo
control system that continuously adjusts the mag-
net current, on a time scale of thousandths of a
second, to maintain a safe gap between the vehi-
cle electromagnets and the iron rails on the guideway.

Because the electromagnets consume substantial amounts of
electric power to generate their magnetic field, the gap
between the Transrapid vehicle magnets and the guideway
must be small, on the order of one-third of an inch. In contrast,
vehicles that use superconducting magnets are 4 inches or
more away from the guideway. Transrapid vehicles have also
logged hundreds of thousands of kilometers on their test track
in Emsland, Germany, and carried tens of thousands of passen-
gers at speeds up to 280 mph smoothly and safely. The world's
first commercial Maglev system went into operation recently in
Shanghai, China. The 30-kilometer Transrapid route carries
passengers between the center of Shanghai and its airport.

In our view, superconducting Maglev systems are better
than electromagnetic or permanent magnet ones. The much
greater clearance of the superconducting systems enhances
safety and greatly mitigates the problems of snow and ice
buildup in colder regions. Large clearance also permits greater
construction tolerances, substantially reducing the cost of the
guideway. Second, because a superconducting Maglev system
can carry heavy trailers and freight as well as passengers, its
revenue potential is much greater. Finally, the inherent very
strong stability of superconducting Maglev systems helps to
guarantee that safe operation is maintained at all times.

Implementing the first-generation Japanese and German
Maglev systems has been hindered by the $40 million to $60
million per mile cost of their guideways. Assuming a daily rid-
ership of 30,000 passengers—high for the United States—a
$50 million per mile Maglev route with a net revenue of 10
cents per passenger mile (ticket revenues minus operating and
maintenance costs) would take 50 years to pay back its con-
struction cost.

Highway and air transport systems have historically been—
and continue to be—heavily subsidized by the U.S. govern-
ment. Indeed, investment by government into more efficient
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a prefabricated narrow-
beam guideway.
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modes of transport increases the productivity of the whole
economy, and thus pays for itself in added economic output.
However, because of the current large budget deficits, the
weak economy, and even weaker economic thinking, a new
mode of transport like Maglev is unlikely to be supported by
the present government unless it can pay back its cost within
a few years. Moreover, if Maglev systems can be paid back
quickly, they will attract private investment.

To achieve this fast payback capability, we are now devel-
oping a second-generation superconducting Maglev System
that will be much less expensive to build, and that will produce
much greater revenues by carrying piggyback trailers and auto-
mobiles. This second-generation system is described in the next
section. Initial levitation tests of the system will be carried out
this year at our Maglev-2000 of Florida facility, with funding
from the U.S. and Florida Departments of Transportation.

Moving People and Freight

The second-generation Maglev 2000 system achieves four
major innovations over the first-generation Japanese and
German systems:

(1) Much lower guideway cost—$12 million per mile, com-
pared to $40 million to $60 million per mile.

(2) Much faster payback times—5 years instead of 50, by
carrying piggyback trucks.

(3) Electronic switching of vehicles at high speeds from the
main guideway to off-line stations for loading and unloading.

(4) Ability to use existing, conventional railroad tracks for
Maglev vehicles.

Key to these innovations are three fundamental Maglev-
2000 inventions:

* Mass-produced, low-cost, prefabricated guideway beams
and piers.

* Quadrupole magnets (with two pairs of North-South
poles, at right angles to each other), which enable vehicles to



travel on, and smoothly transition between, both narrow
beam and planar guideways.

» Electronic switching from the main guideway to
secondary guideway, without any mechanical move-
ment of the guideway's structures.

Figure 3 shows an M-2000 vehicle on a prefabricated
narrow-beam guideway. The prefabricated, convention-
al, reinforced concrete box beams, with their attached
aluminum-loop panels, are mass produced at low cost at
a factory. The beams are then shipped from the factory,
by truck or rail, to the Maglev construction site, along
with the prefabricated piers. The only field construction
required is the small poured concrete footings for the
piers. Cranes lift the beams and piers into place, allow-
ing a complete guideway route to be erected in a few
weeks. The beams and piers can also be transported
along finished portions of the guideway to the erection
site, eliminating the need for road or rail transport. The
projected cost of $12 million per mile for the M-2000
elevated narrow beam guideway is based on our fabri-
cation experience for full-size guideway components,
including the beam. The projected costs do not include
land purchase or modification of existing
infrastructure.

Passenger
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¥
Equipment
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i

6 meters

3.8 meters

Equipment
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Figure 4
PASSENGER AND FREIGHT VEHICLES ON
THE M-2000 GUIDEWAY
The schematic drawings show the relative size and configura-
tion of Maglev-2000 passenger and freight vehicles.

some highways carrying more than 25,000
trucks daily. A Maglev route carrying 2,000
trucks per day—20 percent or less of the
daily traffic—would take in as much rev-
enue as a route carrying 100,000 passen-
gers per day, which is 10 times greater than

20

70
Maglev is usually pictured as a high-
speed train for intercity passengers, or as a L--
lower-speed system for wurban transit.
Although these are important applications, 60 -
the big market for freight transportation in
the United States is intercity trucking. The
United States currently spends more than ? 50
$300 billion annually on intercity trucking, §
compared to only $65 billion per year on ‘%
intercity air passengers. The biggest interci- 3 a0
ty air passenger route, Los Angeles to and :’5,,
from New York, carries only about 10,000 3
passengers daily, while many U.S. o
Interstates carry 15,000 trucks per day, with E 30
:
g
Q
8
(]
E
-

T ¥ 1 T ¥ ¥
Passengers only $20 million/mile (2-way guideway)

Passengers only: $10 million/mile (2-way guideway)

Payback time for dual passenger-freight Maglev
/f*” system ($10 million/mile for 2-way guideway) %

20 percent of
N.Y.-Chicago
truck traffic

the largest intercity air passenger market in 10 onUS-80 ) o ]
the United States. LN i___E‘is_'[‘i‘fPf*_y_b?_'“‘l‘_‘l'l‘?f?_’P_”_V_a_‘?_"_‘Y‘??‘_”_“f'_"_____
The average haul distance for intercity
. . X 0. | i 1 e M )
trucks is more than 400 miles, with many ! 1,000 2,000 3,000 4,000 5,000 6,000 7,000

travelling 1,000 miles or more. Using
Maglev, truckers could pick up a load and
drive it a few miles to the nearest station.
The trailer would be put onto a Maglev
vehicle (Figure 4), taking only a couple of
minutes. At 300 miles per hour, the trailer
could cross the country from California to
New York in a few hours, instead of taking
days by highway. After arriving at a sta-
tion near its destination, the trailer would
be unloaded and driven to the customer.

Trailer trucks carried per day

Figure 5

ECONOMIC ADVANTAGES OF MAGLEV CARRYING

BOTH PASSENGERS AND TRUCKS

The figure shows the time it takes to pay back the cost of the Maglev guide-
way carrying passengers only, and a dual system that carries both passen-
gers and freight.
sengers per year, at 10 cents per passenger mile, net revenue, and 25 tons
per trailer truck at 20 cents per ton-mile revenue.

The conditions used in the calculation are 3 million pas-
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M-2000 MAGLEV VEHICLE OPERATION
ON NARROW BEAM AND PLANAR GUIDEWAYS
The Maglev 2000 system is unique, in that quadrupole magnets allow its high-speed
vehicles to easily switch from narrow beam to planar guideways.

mile for the Maglev 2000 guide-
way—well below the $40 million
to $50 million per mile for the
German and Japanese systems—
paying back the guideway takes
30 years. However, by carrying
2,500 trucks daily—only 20 per-
cent of the truck traffic between
New York and Chicago—payback
time drops to just three years.
Short payback times will help
attract massive private investment,
aiding the rapid implementation
of Maglev.

Unique, High-Speed
Train Switching
In addition to attractive eco-
nomics, Maglev must be easily
accessible and efficiently integrat-
ed with other modes of transport.
Maglev 2000 is unique in its abil-
ity to electronically switch high-
speed vehicles from one guide-

Everyone would benefit: The shipper would pay less to
transport his goods, and could shrink inventory by just-in-
time delivery; the shipping company would make more
money, and reduce wear and tear on its trucking fleet; and
the drivers would not need to spend long, tiring hours on the
road.

Figure 5 shows the economic advantage for Maglev to carry
trucks as well as passengers. Even at $10 million dollars per
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way to another, without having to

slow down the trains, and
mechanically move sections of the guideway, as do the
German and Japanese systems. The superconducting quadru-
pole magnets on the Maglev 2000 vehicles allow them to
smoothly transition, back and forth, between narrow-beam
and planar guideways (Figure 6). Most of the time, the vehicle
rides on the low-cost, narrow-beam guideway, where the sides
of the quadrupoles magnetically interact with aluminum loops
attached to the sides of the beam to levitate and automatical-

Figure 7
NATIONAL MAGLEV
NETWORK
PROPOSED BY
MAGLEV 2000
This proposed 16,000-
mile network would serve

90 percent of the U.S.
population, making it
possible for travellers to
reach any major city
within a few hours.
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Figure 8

MAP OF 20-MILE ROUTE FROM SPACE COAST

There are three options shown for the proposed Maglev 2000 system in Florida.

demonstration of the M-2000 feasibility.

ly stabilize the vehicle. At locations where the vehicle may
switch off the guideway, it transitions to a planar guideway,
where the bottom of the quadrupoles magnetically interacts
with the aluminum loops on the guideway beneath, levitating
and stabilizing the vehicle.

At switch locations, the vehicle can either continue along
the main guideway, or electronically switch, at full speed, to a
secondary guideway that leads to an off-line station. The
switch section contains two lines of aluminum loops.
Depending on which line of loops is activated when the vehi-
cle enters the switch, it can either keep going on the main
guideway, or switch to the secondary one. The vehicle slows
down on the secondary guideway, and stops at the station to
unload passengers, or a truck, and pick up a new load. It then
accelerates out of the station on the secondary guideway, to
rejoin the main guideway at full speed.

Maglev-2000 systems can thus have many stations in an
urban/suburban region, without sacrificing high speed and short
trip times. Users would board a Maglev vehicle at a nearby sta-
tion and travel at full speed to a station close to their destination,
without stopping at intermediate stations. Unlike airports, which
are limited to one or two locations in a given urban/suburban

REGIONAL AIRPORT TO PORT CANAVERAL
This first installation is planned as a

region, making access difficult and time-consuming, Maglev
can have 10 or 20 stations, or more, in a given region.

A National Maglev Network

In addition to easy access, for Maglev to be a major mode
of transport, it must function as an integrated, interconnected
network. Isolated, separate point-to-point Maglev systems
could be useful, but would not provide the broad transport
capability needed in the 21st Century. Figure 7 shows the
National Maglev Network proposed by Maglev 2000. The
16,000-mile network, which would be built on the rights-of-
way land alongside the U.S. Interstate highways, serves 90
percent of the population. Each of the metropolitan regions
shown on the map would have multiple stations, as described
above, with the result that 70 percent of Americans would be
living within 15 miles of a Maglev station. Travellers could
reach any destination in the United States, and the major cities
in Canada, within a few hours of leaving their house, while
trucks could cross the continent in less than 10 hours.

Travel on Maglev would be much more comfortable than by
air. There would be no noise or vibration, no turbulence, and all
passengers would ride in comfortable, first-class-type seating.
49
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Maglev vehicles will cost much less than airplanes, and are not
space constrained, so there is no need to jam passengers togeth-
er to maximize loading. Because Maglev fares will be much less
than those for air travel, passenger volume will be greater,
allowing more frequent and convenient scheduling. Instead of
one or two flights daily to a particular destination, there will be
hourly, or even more frequent, Maglev departures.

The cost to construct the Maglev 2000 National Network is
projected to be about $200 billion. Although this is a large
sum of money, it is equivalent to only two months of the annu-
al U.S. transportation bill of $1,200 billion, of which $1,000
billion goes to autos and trucks. The transportation savings
enabled by the U.S. Maglev Network would exceed $100 bil-
lion annually, paying for the system in a couple of years.
Unlike highways, autos, trucks, and airplanes, Maglev guide-
way and vehicles have no wear and tear, need virtually no
maintenance or repair, and should last 50 years or more.

Maglev 2000 proposes to build the first U.S. Maglev System
in Florida. Figure 8 shows the 20-mile route connecting the
Port Canaveral Seaport and the Space Coast Regional Airport
in Titusville, with an intermediate station at the Kennedy
Space Port. The M-2000 line would carry cruise passengers to
the seaport and visitors to the Kennedy Space Center; it would
also demonstrate the transport of trucks and freight to and from
the seaport. Once operating, the M-2000 line would act as a
convincing demonstration of the practicality and desirability
of Maglev transport, and would help spur the construction of

Maglev routes at many other locations in the United States.
With a vigorous construction effort, the National Maglev
Network could be in full operation well before the year 2020.

The Great Trans-Siberian Land Bridge

The growing world economy requires the movement of ever
larger amounts of people and goods over long distances. In
particular, China, India, and other rapidly developing Asian
countries, where most of the world's population lives, need
modern, efficient, and low-cost transport systems that connect
with Europe, America, and the rest of the world. Although
most travellers to and from Asia now go by air, ships still move
most of the goods. There are drawbacks for ship transport to
Asia: The distances and travel times are very long, shipping
costs are expensive, and ships consume a significant fraction
of the world oil production.

As an example, the shipping distance between Japan and
Europe is 12,000 miles via the Suez Canal (18,000 miles for
the Cape of Good Hope route), and the trip takes several
weeks. At 1-cent per ton mile, the shipping cost from Asia to
Europe is $100, or more, per ton of cargo. World shipping
presently consumes approximately 7 percent of the world's oil
production, a significant drain on oil resources. For much of
the world's long-distance transport, Maglev can move goods
much faster, cheaper, and with less energy use than can ships.
For example, by using the existing Trans-Siberian railroad
structure, Maglev could transport cargo between Europe and
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the Far East in only one day (compared to weeks by ship), at a
much lower cost, and using much less energy.

Figure 9, taken from the EIR Special Report on the Eurasian
Land Bridge,2 shows the present railroad routes connecting the
Far East with Europe and other Asian countries. The report
describes how these routes, combined with a network of new
rail lines, could help to develop and transform the region, by
moving people and goods efficiently and cheaply. An inter-
connected Maglev system based on this railroad network can
be quickly developed. The initial phase of the Maglev system
would start with the existing 6,000-mile-long Trans-Siberian
railroad. This Trans-Siberian route already carries substantial
freight, approximately 100,000 Trailer Equivalent Units (TEUs)
annually from Japan to Europe. At 25 metric tons per TEU, and
6,000 miles, this is equivalent to 15 billion ton-miles per year.
Transport times are many days, however.

Building an elevated Maglev 2000 guideway along the
Trans-Siberian route would cost $60 billion, a formidable
investment. However, there is a Maglev alternative that can
enable a high-speed system at lower cost. This system uses
existing railroad trackage to levitate high-speed Maglev vehi-
cles, and can be built for only $2 million dollars per mile. The
M-2000 MERRI (Maglev Emplacement on RailRoad
Infrastructure) system attaches flat panels containing alu-
minum loops to the wooden or concrete ties of the existing
trackage. The railroad can still operate conventional trains
while the panels are being installed. After all of the panels are
installed, Maglev operation on the resultant planar guideway
can begin. The iron rails still remain in place, but they do not
hinder Maglev operation. Using MERRI, Maglev vehicles
would average 200 miles per hour across Siberia, travelling
6,000 miles in only 30 hours compared to a week by ordinary
train. The energy amount and cost per trip would be modest—
about 300 kilowatt hours and $15 (at 5 cents per kilowatt-
hour) per passenger, and 600 kilowatt hours and $30 per ton
of cargo. The total investment for the MERRI system is about
$15 billion, including installation of the planar guideway, sta-
tions, and an initial rolling stock of 400 Maglev vehicles. With
its high speed capability, a single Maglev vehicle carrying 50
tons of cargo each way could transport 10,000 tons per year
between the Far East and Europe.

Based on the EIR Silk Road Report, about 2 million tons of
cargo is carried per year (1997 values) on the Trans-Siberian
Railroad, assuming 25 tons per TEU, with the traffic expected
to grow substantially. With 400 Maglev vehicles, the MERRI
Trans-Siberian route could transport 4 million tons of cargo per
year. At $100 per ton, this would be a revenue of $400 million
annually. Revenues would then grow rapidly as shippers begin
to appreciate the MERRI route's benefits.

Total annual freight traffic in the United States is 3.7 trillion
ton miles, or more than 10,000 ton miles per person. High vol-
umes of freight traffic are indispensable for good living stan-
dards, and reflect the necessary movement of foodstuffs, fuels,
raw materials, and manufactured goods back-and-forth over
long distances. Assuming similar per capita volumes of freight
traffic, for the roughly 5 billion people who will live in the
Eurasian continental land mass and its associated islands by
the year 2050, freight traffic in the region will total more than
50 trillion ton-miles annually.

As traffic grows, the system would evolve, becoming larger
and more capable. Other railroad routes would be converted
to the MERRI system, new routes would be added, and dedi-
cated Maglev guideways built. An intriguing possibility is the
construction of a super-speed Maglev system across Siberia. In
the super-speed Maglev-2000 system, described below,
Maglev vehicles operate in an evacuated tunnel at 1/1,000th
of normal ambient atmospheric pressure. Travelling at 2,000
mph, Maglev vehicles would make the 6,000-mile trip in only
3 hours, instead of the 30 hours for a Maglev vehicle in the
open atmosphere. The energy cost for the trip would be less
than $1 per passenger, and about $1 per ton of cargo.

The Trans-Siberian route is very appealing for super-speed
Maglev. Because much of the terrain is flat and undeveloped,
low-cost evacuated surface tubes can be used, instead of much
more expensive underground tunnels, which are needed in
regions having substantial populations and/or terrain changes.
While the investment for a super-speed Trans-Siberian route is
considerably greater than for a MERRI system—$100 billion
compared to $15 billion—the increased traffic revenues and
decreased operating cost would offset its greater cost.

There are many other places in the world where Maglev
land bridges could aid economic development, and improve
living standards. Some are outlined in the EIR Silk Road
Report. As an example, the Trans-Siberian Maglev system
could extend to the Bering Strait, where it would connect to an
American-Canadian Maglev system. The Bering Strait is rela-
tively narrow, about 50 miles across at the bridging point, and
could be crossed by a bridge or tunnel. Both have been stud-
ied, and judged technically and economically practical.

Integration of North America—and eventually South
America, through Mexico, Central America, and the Isthmus of
Panama—with Eurasia and Africa would connect almost all of
the world with high-speed, low-cost, energy-efficient transport
of people and goods. Africa would connect to Europe, via the
proposed Gibraltar bridge, and through Egypt to the Middle
East. Of the seven continents, only Australia and Antarctica
would not be in the world Maglev Network, although there are
plans for Maglev across Australia.®

When could a world Maglev Network come into being?
Clearly, it would evolve over decades. Initial sections, like the
U.S. National Network and the Trans-Siberian Maglev route
could operate in 10 to 15 years. The full world Network would
be in full operation by 2040 to 2050.

New York to Los Angeles in 1 Hour

Because there is no mechanical contact or friction between
levitated Maglev vehicles and the guideway, in principle the
Maglev speed is unlimited. However, there always are limits.
In the ambient atmosphere, Maglev vehicles are limited, by air
drag and noise, to a maximum of about 300 miles per hour. In
Maglev tests, Japan Railways has operated at 350 miles per
hour. Because air drag increases as speed cubed, this is a prac-
tical limit. Noise emission increases as the seventh power of
speed, so that noise would limit speed to about 300 miles per
hour, even if air drag did not.

In low-pressure tunnels, however, Maglev speed is virtually
unlimited, at least for transport on Earth. The only limitations
are the straightness of the guideway, which is not a problem

21st CENTURY Summer 2003 51



Figure 10

THE STARTRAM SPACECRAFT LAUNCH TUBE
illustration shows the lower end of the launch tube, with its attached
tethers, as it leaves the ground. When it reaches the upper end of the launch tube,
the spacecraft exits into the low-density atmosphere.

This artist's

for underground tunnels, and centrifugal effects, which are
important only when close to orbital velocity, that is 8 kilo-
meters/second (18,000 miles per hour).

At 2,500 miles per hour, travel time from New York to Los
Angeles is only 1 hour. The energy expenditure per passenger
would be negligible, about the equivalent of one quart of
gasoline. In contrast, an airline passenger expends almost 100
gallons of jet fuel for the same trip. The reasons for the differ-
ence are simple. An airliner continuously burns fuel to stay
aloft and overcome air drag, while the Maglev vehicle
expends virtually no energy after it reaches cruise speed in the
low-pressure tunnel (There is a small magnetic drag caused by
the resistive losses in the aluminum guideway coils, but this is
taken into account by the quart of gasoline.) Moreover, virtu-
ally all of the kinetic energy which the Linear Synchronous
Motor (LSM) imparts to the Maglev vehicle when it accelerates
to cruise speed, is recovered when the vehicle decelerates to
stop at its destination. During deceleration, instead of acting as
a motor, the Linear Synchronous Motor functions like a gener-
ator, converting the kinetic energy of the vehicle back into
electricity, which is fed back to the electric grid.

The concept of super-speed Maglev in low-pressure tunnels
has been studied over the last 20 years. The proposed Swiss
Metro System would operate Maglev vehicles in low-pressure
tunnels through the mountains. The planned Japan Railways
300-mile-long line between Tokyo and Osaka has 60 percent
of the route in deep tunnels. The line could be built for low-
pressure Maglev, although the relatively small time savings,
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that is, 20 minutes out of the nomi-
nal trip time of one hour, might not
warrant the additional tunnel cost.

Tunnelling costs are currently high,
but not impractically so. Tunnels cost
on the order of $30 million per mile
in competent rock. The U.S.
Superconducting Super Collider facil-
ity, for example, planned a 45-mile
tunnel for the superconducting mag-
nets that confined the 10-trillion elec-
tron volt colliding particle beams.
Several miles of Superconducting
Super Collider tunnel were excavated
using a tunnel-boring machine. As
tunnelling technology advances, costs
should drop, making super-speed
Maglev more economical. At an aver-
age of $10 million per mile for a 15-
foot diameter tunnel, a two-tunnel
Maglev system between New York
and Los Angeles would cost $50 bil-
lion. Intermediate stops at Cleveland,
Chicago, and Denver would connect
to the 300-mph open air National
Maglev Network, allowing travellers
to reach all the major metropolitan
areas in the United States in a few
hours.  Although the National
Network will operate first, super-
speed Maglev will eventually connect
the main Network hubs, as an ultra high speed overlay.

Super-speed Maglev technology is similar to, and actually
simpler than, the open-air technology. There are no wind or
weather problems, vehicle levitation and stability is not affect-
ed by vehicle speed changes, there are no curves, and no need
for Linear Synchronous Motor propulsion on most of the guide-
way, because magnetic drag at cruise speed is very small.

StarTram: Riding Maglev into Space

So far, space travel has been a big disappointment—at least
from the perspective of the millions of people who want to
visit hotels in space, and jet to the Moon, Mars, and beyond.
We ordinary folk have to be satisfied with television shots of
the astronauts in the space station, and tiny robots looking
down on the moons and planets of the Solar System. In many
ways, we have lost ground since the 1960s and 1970s, when
astronauts drove Rovers on the Moon, hit golf balls, and
brought back gobs of Moon rock.

The cost of getting into space has not come down much
over the last 40 years. It still costs $5,000 to put a pound of
payload into Low Earth Orbit, and much more to land it on the
Moon. As for Mars—forget it. This is not surprising. Despite
repeated attempts to build cheaper rockets to reach orbit,
these rockets remain very complicated and expensive.
Unfortunately, this is inherent. Payload fraction is small, only
a few percent, and the engines and structure are stressed to
their limits. If a person is fortunate enough, and willing to pay
$20 million for the trip, it is possible to spend a few days in



orbit.

There is a better way. The cost of
the energy to reach orbit is only 30
cents per pound, if one could do it
efficiently without using a rocket.
The StarTram Maglev system is that
better way. By using electric ener-
gy to propel and accelerate space-
craft, Maglev can achieve speeds
of 8 kilometers per second or
more, enough to go into orbit or
reach the Moon, without needing
propellant. This greatly reduces the
weight and cost of the spacecraft
and makes the launch cost very
low. Five kilowatt hours of electri-
cal energy, (at an average cost in
the U.S. of 6 cents per kilowatt
hour) is equal to the kinetic energy
of a pound of material travelling at
8 kilometers per second, the speed
of an object in Low Earth Orbit.

There is a constraint and a prob-
lem in using Maglev to launch into
space, however. The constraint is rel-
atively minor, but the problem is
major. First, the constraint: To reach
super speeds, the acceleration
process must take place in a low-
pressure environment over a long path. As described in the previ-
ous section on the Los Angeles to New York super-speed Maglev
system, Maglev vehicles can travel at super speeds in low-pres-
sure tunnels. The length of the tunnel needed to reach 8 kilome-
ters per second will depend on the acceleration rate. For human
passengers subjected to an acceleration of 2 g (2 times the Earth's
gravity), an 800-mile long tunnel is required; for unmanned cargo
craft, which could accelerate at 30 g without damage, a 60-mile
tunnel is sufficient. Even at $30 million per mile of tunnel, the
amortized cost of a Maglev tunnel per pound of payload deliv-
ered to orbit would be small—less than the cost of energy.

The major problem, that of leaving the low-pressure tunnel
and entering the atmosphere, is not as easily solved, unfortu-
nately. At 8 kilometers per second, atmospheric heating and
drag forces would quickly destroy the spacecraft, even if it
entered the atmosphere at high mountain altitudes. However,
there is a solution to this problem. A low-pressure Maglev
launch tube, termed StarTram, can itself be magnetically levi-
tated to extremely high altitudes—high enough that the atmos-
pheric heating and drag forces, produced when the spacecraft
leaves the tube and enters the atmosphere, become accept-
able. At an altitude of 70,000 feet (about 13 miles), for exam-
ple, atmospheric density is only 5 percent of the sea level
value; at 105,000 feet (20 miles), it is only 1 percent. At such
altitudes, today's spacecraft structures are strong enough to
survive the heating and drag forces, without compromising the
health and safety of passengers and cargo.

Levitating the StarTram launch tube to such altitudes, although
a challenging task, is quite feasible. Large magnetic levitation
forces, for example, several tons per meter of tube length, can be

Figure 11
A SPACECRAFT LAUNCH IN LOW-DENSITY ATMOSPHERE
Artist's illustration of a StarTram launch.

produced by the repulsion force between a set of superconduct-
ing cables attached to the tube, and a second set of supercon-
ducting cables located on the ground beneath. The two sets of
cables carry oppositely directed supercurrents, generating a mag-
netic levitation force that substantially exceeds the weight of the
launch tube and its cables. To hold the StarTram launch tube at
a stable equilibrium height, lightweight high-strength tethers
(Kevlar or Spectra) are attached to it and anchored at ground
level. Figure 10 shows the lower end of the launch tube, togeth-
er with its attached tethers, as it leaves the ground and ascends
upwards. Using a combination of vertical and angled tethers, the
launch tube is held in place even in the presence of high winds.
The length of the tethers along the launch tube depends on what
is needed to keep the tube at the proper angle, as it is pressed
upward by the repulsive magnetic force.

The magnetic levitation force is very large, even at high alti-
tudes. For example, if the launch tube cables carry 30
megamps of supercurrent, and the ground cables carry 100
megamps, the magnetic levitation force is 3 metric tons per
meter of launch tube, at a vertical separation of 20 kilometers
(66,000 feet) between the tube and ground. The levitation
force increases with decreasing separation distance, being 6
metric tons per meter at 10 kilometers separation.

After the spacecraft reaches launch speed in the low-pressure
Maglev tunnel located at ground level, it transitions to the
StarTram launch tube, in which it coasts upwards to the release
point in the upper atmosphere. Upon reaching the upper end of
the launch tube, the spacecraft exits through the open end into
the low-density atmosphere (Figure 11). The interior of the
launch tube is kept at low pressure by a combination of auxil-
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iary systems. These include a mechanical shutter that opens just
before the spacecraft enters the launch tube, gas jet ejectors that
start up when the shutter opens, and a magnetohydrodynamic
(MHD) pump that expels any residual air that leaks past the gas
jet ejector system. (A radiofrequency source ionizes the air in
the MHD pump). Turbo molecular pumps supply additional
pumping to help maintain low pressure in the launch tube.

After entering the atmosphere, the spacecraft coasts
upwards through the small amount of residual atmosphere to
orbital altitude, where it makes a small AV (velocity change)
burn to finalize the orbit. Depending on launch speed, the
spacecraft can go into Low Earth Orbit, Geosynchronous
Orbit, or any orbit in between. With slightly greater launch
speed, it can reach the Lagrange points, or the Moon. As illus-
trated in Figure 11, the spacecraft would launch with its wings
folded. For the return to Earth, the wings would deploy for
atmospheric braking. Because a Maglev spacecraft does not
use propellant, and its launch energy cost is virtually zero,
weight is not an issue. Thus the StarTram spacecraft can be
much stronger and more rugged, with much better thermal
protection, than the Space Shuttle.

All of the technology for StarTram is available. The super-
conductors, cryogenics, refrigerators, tethers, Maglev guide-
ways, and spacecraft can be built with materials that already

exist and are in use. This contrasts to the Space Elevator
Concept, which requires structural materials that are 100
times stronger than any now in existence.

The table (this page) summarizes the parameters and opera-
tional capabilities for StarTram. A single StarTram facility could
launch a million tons of cargo, along with hundreds of thou-
sands of passengers, per year into space. Flying into space
would not cost much more than it now takes to fly around the
world. If human beings really want to have hotels and manu-
facturing in space, a robust defense against asteroids, solar
power satellites, colonies on the Moon and Mars, and so on,
StarTram is the way to go.

Maglev, Oil, and the World Economy

Modern transport is the indispensable backbone of a high
living standard. Without autos, trucks, airplanes, railroads,
ships, and pipelines, we would retreat to subsistence on small
patches of land, farming for produce and gathering wild foods
to sustain life. In turn, oil is the indispensable backbone of
modern transport. Without it, we would not have autos, trucks,
and airplanes. Coal-fired railroads and ships could still oper-
ate, but much less capably.

The amount of oil in the world is limited. The presently
known total world oil resources are only about 1 trillion bar-
rels, about 30 years' worth at the current con-

STARTRAM OPERATIONAL PARAMETERS

Spacecraft

Launch velocity

Launch altitude

Payload to orbit

Gross take-off weight

Deceleration @ atmospheric entry

AV loss through atmosphere
Acceleration Tunnel

Length

Acceleration level

8 km/sec (to LEO orbit)

200 metric tons
179

1,280 km (800 miles)

25¢g

Time in tunnel 5.3 minutes

Launch Tube
Length

Launch angle

280 km (175 miles)
5 degrees (at exit point)

Centripetal acceleration 25¢g
Time in tube 0.6 minutes
Superconductor current (tube) 14 megamps

Superconductor current (ground)
Magnet levitation force (70,000 ft)
Facility launch rate and costs

280 megamps
4 metric tons/meter

Spacecraft launch rate 1 per hour
Number of flights per spacecraft 150 per year
Spacecraft in fleet 60
Tons/year cargo to orbit 500,000
Passengers/year to orbit 200,000

Cost per kg of cargo to orbit

Capital cost of facility

Service/amortization lifetime 30 years

70,000 feet (enter atmosphere)
70 metric tons/100 passengers

0.05 km/sec (from entry to orbit)

$20 (capital + operating)
Cost of round trip passenger to orbit $13,000 (capital + operating)
$60 billion (incl. spacecraft)

sumption rate of 80 million barrels per day. As
living standards improve, and the world econ-
omy grows, the demand for oil will increase,
resulting in an ever-greater rate of consump-
tion. It is not possible to know precisely when
the world will reach the point when oil runs
out, because the date will depend on factors
like the amount of oil deposits yet to be dis-
covered, how difficult and expensive it will be
to extract them, and how rapidly the world
economy grows.

There is a clear fork in the road here. If the
world continues to rely on oil for transport, its
economy cannot grow much beyond the pres-
ent level. In fact, the economy will shrink, and
living standards will fall, as oil production
declines. To maintain a growing world econo-
my and an increasing standard of living, it will
be necessary to shift to new modes and energy
sources for transportation. New energy sources
are possible, but there are limits. Hydrogen has
been proposed as a long-range fuel for trans-
port. However, enormous amounts of electric-
ity would be needed to manufacture the
hydrogen that would be needed, if it were to
become the major energy source for transport.

The United States currently burns approxi-
mately 5 billion barrels of oil per year for trans-
port, which is approximately 70 percent of total
U.S. usage. To produce the equivalent energy
from hydrogen fuel would require 10 trillion
kilowatt hours of new electric power—a factor
of 3 greater than current U.S. electric genera-
tion. To meet the 2020 world demand for
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hydrogen fuel as a replacement

for oil, would require construct-
ing new electric generating
capacity equivalent to 10 times
the present world capacity. This
is not a credible scenario.
Hydrogen can be produced from
coal, but the resultant C0, emis-
sions would be much greater
than those released by burning
oil. Accordingly, hydrogen fuel
does not appear to be a major
practical solution for meeting the
massive transport needs in the
21 st Century.
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energy usage is a factor of 10 or
more better than autos and air-
planes. The total annual passen-
ger traffic in the United States—
autos, air and rail—is 2.5 trillion
(2,500 billion) passenger miles. If all this travel were by Maglev
at an average speed of 200 mph, the total electric energy use
would be only 100 billion kilowatt hours, which is about 3 per-
cent of the 3,700 billion kilowatt hours currently generated in
the United States. The total annual freight traffic in the United
States—trucks, rail, oil pipelines, and air—is 3.7 trillion ton-
miles. Moving all freight by 200-mph Maglev would consume
an additional 10 percent of current U.S. electric generation.

Moving all passengers and freight by Maglev would save
more than 5 billion barrels of oil annually, or about 70 percent
of our current consumption. The dollar savings in the costs of
the crude oil, refining, and distribution would be enormous. At
a savings of $1 per gallon of current oil consumption, the
nation's transport bill would be reduced by $200 billion annu-
ally, far more than the cost of the electrical power to operate
the Maglev. At the U.S. average production cost of 6 cents per
kilowatt hour, only $30 billion of electric power would be
needed annually for the Maglev operation. In practice, of
course, Maglev will not be the sole mode of transportation in
the United States, so that the actual economic and energy ben-
efits will be somewhat less than described above.

Clearly, it will take time to transition from the present auto,
truck, and airplane-dominated transport system to a Maglev-
dominated system. Moreover, because Maglev will never
completely replace autos, trucks, and airplanes, it will operate
in concert with them in multi-modal transport patterns. For
example, Maglev will carry trucks for the bulk of their intercity
travel, using the highway for local pickup and delivery.
Similarly, passengers will be able to drive their autos to a
Maglev station, and travel hundreds of miles with their car on
a Maglev vehicle to a station near their destination, finishing

ENERGY EFFICIENCY OF VARIOUS PASSENGER TRANSPORT MODES

AS A FUNCTION OF SPEED

Maglev energy usage is a factor of 10 or more better than that of autos or airplanes.

their trip on the highway. The wear and tear on their automo-
biles would be much less, the travel time much shorter, the
cost much smaller, and the trip much safer.

The benefits of improved mobility, greatly reduced energy
consumption, freedom from having to depend on ever-shrink-
ing oil resources, and the economic savings outlined above for
the United States, will apply to the entire world, making
Maglev the major mode of transport in the 21st Century.

The Maglev 2000 Water Train—Fresh Water for the World

Maglev can help solve the world water shortage, by trans-
porting fresh water from areas where it it plentiful, to areas
where it is scarce. Water is the most critical natural resource
problem facing the world today. Hundreds of millions of people
lack sufficient clean water for drinking, washing, and farming,
and the situation is growing worse, especially in Africa and Asia,
where water tables are dropping as a result of over-pumping and
droughts. In the United States, many regions are running out of
water, including the Southwest, California, and the High Plains
States. Even in the water-rich East, areas like Florida, Atlanta,
and others have cut back on water consumption. World popu-
lation is projected to grow from the present 6 billion to more
than 9 billion by the year 2050, with much of the growth in
regions that are already water short. This increase in population
will require hundreds of trillions of gallons of new water annu-
ally. Experts believe that disputes over water rights could spark
many new wars and conflicts in the coming decades.

Desalination is often proposed as the solution for future water
shortages. Unfortunately, because it is expensive and energy
intensive, it can supply only a small fraction of future world
water needs. Desalination costs about $6 per 1,000 gallons of
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fresh water produced, and con-
sumes approximately 400 kilowatt
hours of thermal energy. To supply
all of the projected new needs for
fresh water in 2050, using present
desalination technology, would
require $3 trillion, 10 percent of
current world GNP, and virtually all
(100 percent) of current world ener-
gy usage. This is clearly impossible.

Figure 13

SYSTEM

Some improvements in desali-
nation technology appear possi-
ble. Using low-cost nuclear ener-

gy, instead of expensive fossil ders would be collapsed
fuels, for example, would signifi- (bottom), in order to reduce
cantly reduce the desalination air drag.

cost. Studies of nuclear desalina-

tion "nuplexes" have shown them

to be attractive for meeting the drinking water and sanitary
needs of populations in high GDP countries. However, even
with improvements, desalination does not appear suitable for
meeting the massive future water needs for agriculture, and for
countries with low GDPs, where most of the world's popula-
tion lives.

Maglev offers a practical cost-effective way to supply much
of the new fresh water needs in the 21st Century. The world
has plenty of fresh water to support its present and future pop-
ulations, but many regions have too little, while others have
much more than they need. Using Maglev, fresh water can be
transported for hundreds of miles at low cost, from places
where it is abundant, to users in locations where it is scarce.

Figure 13 is an artist's illustration of the Water Train, a
Maglev system designed to transport large amounts of water
over long distances. The Water Train consists of a long train of
joined and levitated Maglev vehicles, each of which has a
bladder that holds 50,000 gallons of water. A 200-vehicle unit
train would deliver 10 million gallons per trip. Travelling at
200 mph, each Water Train could make four round trips daily,
bringing water from a source that was 600 miles away from its
users. For shorter travel distances, even more round trips per
day could be made. For example, at 300 miles distance, a
Water Train could deliver 80 million gallons of water daily,
enough for millions of users.

Energy consumption of the Water Train is minimized by three
design changes, which distinguish it from the single Maglev-
2000 vehicle proposed for passenger and freight transport.
First, by joining the Maglev vehicles into a long, streamlined
unit train, the air drag per vehicle is greatly reduced, by a fac-
tor of 4, compared to an individual vehicle. Second, collapsing
the empty bladders for the return trip reduces air drag by anoth-
er factor of 2, compared to the drag for full bladders during the
delivery trip. Third, placing iron plates on top of the narrow-
beam guideway generates a strong upwards attractive force on
the superconducting magnets that acts to levitate the vehicle.
This "iron lift" levitation force has virtually zero magnetic drag
losses. The aluminum loops on the guideway now provide ver-
tical and lateral restoring forces around the equilibrium sus-
pension point, rather than levitation. The electric power losses
in the aluminum loops (which are given by the product of the
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ARTIST'S DEPICTION OF
THE WATER TRAIN

Each Water Train vehicle has
a bladder that holds 50,000
gallons of water. Thus a 200-
vehicle unit train could deliv-
er 10 million gallons per trip.
A Water Train vehicle with
bladder filled is shown at top.
For the return trip, the blad-

square of the loop current multiplied by the electrical resistance
of the loop), still generate some small amount of magnetic drag
on the Maglev vehicles, but because their time-averaged cur-
rents are much less than when they provided the levitation
force, the magnetic drag effects are much less.

Delivery by the Water Train is much cheaper and more
adaptable to terrain changes than by pipeline. For every 300-
foot increase in elevation of a pipeline, for example, water
pressure decreases by 150 psi; if elevation decreases by 300
feet, water pressure increases by 150 psi. If there are major
changes in elevation, pipelines have to either build bridges
or drill tunnels—depending on whether the change is down-
hill or uphill—or change water pressure using turbines or
pumps. In either case, the process is very expensive.

Because of its high speed, the Water Train can follow the
rise and fall in terrain with virtually no penalty. On upgrades,
the Train slows slightly as kinetic energy is transferred to grav-
itational energy; on downgrades, the train speeds up slightly as
gravitational energy is transferred to kinetic energy. At 200
mph, the Water Train can easily negotiate a 300-foot change
in elevation, with a speed change of only 20 mph.

The cost of delivery by Water Train is proportional to dis-
tance. Taking into account the amortized cost of the on-grade
guideway and the vehicles, plus the energy and other operat-
ing costs, the total cost for delivering 1,000 gallons of water
over a distance of 600 miles is approximately one dollar. In
comparison, just the amortized cost (not including operating
costs) for the approximately 600-mile pipeline in Libya—which
cost more than $30 billion to build and delivers 600 million
gallons daily—is on the order of $5 per thousand gallons.

There are many potential routes for Water Trains. In the
United States, billions of gallons per day of water could be
transported from the Lower Columbia river to California,
Nevada, and the rest of the Southwest. In the High Plains
region, water could be brought from the Mississippi and
Missouri Rivers to Colorado, Texas, Nebraska, and other
drought areas. In the Mideast, Turkey has a large water surplus,
some of which could help Iraq, Israel, Saudi Arabia, Syria, and
other water-short countries in the region.

China has large areas where water is very short, and is con-
sidering a $60 billion canal system to help alleviate shortages.



The proposed canal has raised serious concerns about pollu-
tion effects, however. The Water Train eliminates these con-
cerns. There are many other areas in Asia and Africa to which
the Water Train could bring much needed water.

Finally, in contrast to pipelines, whose only function is to
deliver water, using the Water Train, the same guideway that
carries the water-bearing vehicles can also carry passenger
and freight vehicles, providing efficient, low-cost, high-speed
transport to help raise living standards, as well as bringing the
water needed for life itself. The very high transport capacity of
Maglev enables this dual usage capability.

Getting Maglev Moving

In our view, it is inevitable that Maglev will grow and evolve
into the major mode of transport in the 21 st Century. The ben-
efits that it offers—greater speed, no need for oil, zero pollu-
tion, reduced cost for passenger and freight transport, and
absence of congestion, will draw more and more users to it.

The real question is, how soon can Maglev make a major
impact on transport, and what can be done to speed up the
process? Maglev technology is already here. No fundamental
new materials or inventions are needed. Rather, Maglev needs
operating experience and testing on revenue routes, and engi-
neering development and optimization to lower the construction
and operating costs. Governments, particularly in Japan and
Germany, have played a key role in developing Maglev, with
each spending about $2 billion. However, their first-generation
systems are too expensive and constrained in scope to be wide-
ly implemented. We need second-generation Maglev systems,
like that of Maglev 2000, which have a lower capital cost and
serve a wider market, such as the transport of truck-type freight.

Although reducing the cost of Maglev systems and broad-
ening their capabilities is necessary, it is not sufficient.
Government leadership is also needed to make Maglev hap-
pen. Ensuring efficient, effective, and affordable transport is a
fundamental duty for government. In the past, the U.S. gov-
ernment has always played a major role in vigorously plan-
ning for, and implementing, new and better modes of trans-
port. The rapid westward expansion and industrialization of
the United States in the last half of the 1800s, was a result of
the massive land grants and subsidies to railroads from the
government. Similarly, the U.S. Interstate Highway system, on
which our material prosperity strongly depends, came into
being because the government planned and funded it. Our
quality of life would be much poorer without air travel, which
enables the rapid movement of people and goods within the
United States, as well as globally, but it also would not have
happened without massive government funding of airplane
development and airport construction.

Governments can help bring about second-generation sys-
tems by funding demonstrations of advances in Maglev tech-
nology, and by entering into public-private partnerships to
build revenue Maglev systems. In this latter role, government
should not subsidize systems that are economically non-
viable. Instead, government should offer funding incentives to
bring about improved, lower-cost Maglev systems that will
attract users. For example, the government's contribution to
guideway cost could be structured so that as total cost
decreases, the government's contribution would increase. This

would be a powerful incentive for engineering improvements
that actually lowered cost, rather than a straight subsidy to
help prop up an uneconomical system.

It is critically important that governments recognize that
developing new, more efficient transport systems like Maglev,
which do not need oil, should be a major near-term goal. Oil
should be reserved for use as a chemical feedstock. Those
countries, like Japan, Germany, and China, which have
already started to implement Maglev systems, have the poten-
tial to become the world's leaders in this new mode of trans-
port. Maglev will yield enormous benefits, not only from its
much lower costs for moving people and goods, and its
reduced requirements for expensive energy, but also from the
hundreds of thousands of new jobs that it will create. Many of
these new jobs will be in companies that manufacture Maglev
vehicles and guideways for export to other countries.

Maglev is a transforming technology for transport, as important
in its impact as the introduction of ships, railroads, autos and
trucks, and airplanes. Just as they transformed humanity's ability
for rapid and efficient transport of people and goods, with a cor-
responding improvement in living standards, so will Maglev.
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