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Unit One
Text A Technology of Maglev

A magnetic levitation train, or maglev, is a type of train that is suspended in the air above a single
track,, and propelled using the répulsive and attractive forces of magnetism. Because of the lack of
physical contact between the track and the vehicle, the only friction is that between the carriages and
the air. As a result maglev trains can potentially travel at very high speeds with reasonable energy
consumption and noise levels. Although the very high maximum speeds make maglev trains potential
competitors to airliners on many routés, the high cost of the lines has limited their current commer-
cial application to one line in Shanghai that takes people 30 kms (18.6 miles) to the airport in just
7 minutes 20 seconds (top speed of 431 km/h or 268 mile/h, average speed 250 km/h or 150
mile/h). Other maglev applications worldwide are being investigated for feasibility.

Technology

There are three main types of maglev technology: one that relies on superconducting magnets ( elec-
trodynamic suspension or EDS) , one that relies on feedback controlled electromagnets (electromag-
netic suspension or EMS), and a newer potentially more economical system that uses permanent
magnets (Inductrack ).

Japan and Germany are active in maglev research, producing several different approaches and
designs. In one design, the train can be levitated by the repulsive force of similar poles or the attrac-
tive force of opposite poles of magnets. The train can be propelled by a linear motor on the track or
on the train, or both. A lot of electrical induction coils are placed along the track in order to pro-
duce the magnetic field necessary to propel the train, leading some to speculate that the cost of con-
structing such tracks would be enormous.

Unmoving magnetic bearings using purely electromagnets or permanent magnets are unstable on
account of Earnshaw’ s theorem; on the other hand diamagnetic and superconducting magnets can
support a maglev stably. Conventional maglev systems are stabilized with electromagnets that have e-
lectronic stabilization. The electromagnets and electronics tend to be large, power-hungry and ex-
pensive. ’

The weight of the large electromagnet is a major design issue. A very strong magnetic field is re-
quired to levitate a large train, so conventional maglev research is using superconductor research for
an efficient electromagnet.

The effect of a powerful magnetic field on the human body is largely unknown. For the safety of
the passengers, shielding might be needed, which would add supplementary weight to the train. The
concept is simple, but the engineering and design aspects are complex.

01.
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A newer less-expensive system is called “Inductrack”. The technique has a load-carrying ability
related to the speed of the vehicle, because it depends on currents induced in a passive electromag-
netic array by permanent magnets. In the prototype, the permanent magnets are in a cart; horizon-
tally to provide lift, and vertically to provide stability. The array of wire loops is in the track. The
magnets and cart are unpowered, except by the speed of the cart. At first inductrack was developed
as a magnetic motor and bearing for a flywheel to store power. With only slight design changes, the
bearings were unrolled into a linear track. Inductrack was developed by physicist Richard Post at
Lawrence Livermore National Laboratory.

Inductrack uses Halbach arrays for stabilization. Halbach arrays are arrangements of permanent
magnets that stabilize moving loops of wire without electronic stabilization. Halbach arrays were orig-
inally developed for beam guidance of particle accelerators. They also have a magnetic field on the
track side only, therefore reducing any potential effects on the passengers.

At present, some space agencies, such as NASA, are researching the use of maglev systems to
launch spacecraft. ' In order to do so, the space agency would have to get a maglev-launched space-
craft up to escape velocity, a task that would otherwise require elaborate timing of magnetic pulses or
a very fast, very powerful electric current. Maglev-launching could also be used to make convention-

al launches more efficient: accelerating a craft up to Mach 1 before firing the main engines can save
30% of the weight of the launch vehicle.

Pros and Cons of Different Technologies

Each implementation of the magnetic levitation principle for train-type travel involves advantages

and disadvantages. Time will tell which principle and whose implementation wins out commercially.

Technology Pros Cons
continuously suspended when
EMS . Y . SUsp narrow gap between track and vehi-
. power is provided; proven, com- . .
( Electromagnetic) cle; not inherently fail-safe

mercially available technology

currently (2005) reliant upon low-

Superconducting
temperature  superconductors  that
EDS large gap between track and ve- . o .
(El 4 ic) hicl must be refrigerated with liquid heli-
ectrodynamic 1cle
Y um; vehicle must be wheeled for
systems

travel at low speeds

failsafe; good suspension dis-
8 P new technology still under develop-

‘Inductrack’ system tance; no power required to be
y P 4 ment (2005)

provided to the magnets

New Words and Expressions

magnetic adj. of magnetism BEPER), BEK)
levitation n. rising and floating in the air, esp. by means of supernatural powers F+25 B3 (T

$ 2.
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EHEERT)
repulsive adj. (physics) causing repulsion; repelling HEF ;K
magnetism n. (science of the) properties and effects of magnetic substances REM: ; REMEVEFT
i
potential adj. (D that can or may come into existence; possible T] BBFF7EELH BT ; AT HEAY
®) in existence and capable of being developed or used BER;FEBIH
reasonable adj. moderate; acceptable; tolerable & R4 ; O] 8:3% [ ;38 W] LAY
practical adj. suitable for the purpose for which it was made; useful Y63 3L B
superconductivity n. property of certain metals, at temperatures near absolute zero, of having no
electrical resistance, so that once a current is started it flows without a volt-
age to keep it going BT
electromagnet n. piece of soft metal that becomes magnetic when an electric current is passed
through the coil surrounding it H3 gk ; BLRE A
economical adj. careful in the spending of money, time, etc. and in the use of resources; not
wasteful T ; AR HEREIK; AN
permanent adj. lasting or expected to last for a longtime or forever KA BJ; KB ; KA KY;
K
pole n. (physics) either of the two ends of a magnet or the terminal points of an electric battery
R , LR
linear adj. of or in lines ZRHI;ERK
speculate v. form opinions without having definite or complete knowledge or evidence; guess
B BR 1w
bearing n. HHiEK
diamagnetic adj. BHTRER
stabilization n. FE
shield v. protect sh./sth. from harm; defend sb./sth. from attack, etc. fRF'FEFFA
(EEW)
induce v. bring about, cause JF|ig,F 4
array n. —Z&R%)
unroll v. (cause sth. to) open out from a rolled position by rolling ({#3#)) ( HHHRE)

;51
Mach n. (followed by a number) ratio of the speed of sth. (esp. an aircraft) to the speed of
sound Ih#k
spacecraft = spaceship n. vehicle manned or unmanned for travelling in space ML K2%; FH
TR RS A
pulse n. (D single vibration of sound, light, electric current, etc. (.Yl .HBFMEHK)—
Wk 3h

@ (usu. sing) series of these FELEMIAK SN ; Bk
implementation n. putting into effect; carrying out {# (FEBEY)) A3, AT ; e ; FAD
inherent adj. existing as a natural or permanent feature or quality of sb./sth. NZEW; EA
L] 3 L]
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A s AR A9

fail-safe adj.  (of equipment, machinery, etc. ) designed to compensate automatically for a
breakdown or failure ($H¥ & W&%) BH HIHREREN

wheel v. move in a curve or circle ¥53f, iEfE

helium n. a chemical element, a light colourless gas that does not burn, used in airships £,

repulsive forces KN

linear motor  £%14: 3, Bh#/L
induction coil BV 2% B
magnetic field R

Earnshaw’ s theorem |G B Y & H
permanent magnet JKREEE
particle accelerators BT/l EERF
escape velocity i B BF

Notes

1. In physics, magnetism is one of the phenomena by which materials exert an attractive or re-
pulsive force on other materials.

2. Tn physics, friction is the non-conservative resistive force that occurs when two surfaces trav-
el along each other when forced together. It causes physical deformation and heat buildup.

3. Superconductivity is a phenomenon occurring in certain materials at low temperatures, char-
acterised by the complete absence of electrical resistance and the damping of the interior magnetic
field (the Meissner effect. ) Superconductivity is a quantum-mechanical phenomenon that is different
from perfect conductivity.

4. Electrodynamic Suspension (EDS) is one method that can be used for maglev trains. Su-
perconductor electromagnets on the train generate a magnetic field. Propulsion coils on the guideway
are used to exert a force on these magnets, and make the train move forwards.

5. Electromagnetic Suspension (EMS) in Maglev trains is a system whereby a powered elec-
tromagnet maintains a train at a constant distance from a track. It is distinguished from electrody-
namic suspension ( EDS).

6. Inductrack is a completely passive magnetic levitation train system, using only unpowered
loops of wire in the track and permanent magnets (in Halbach arrays) on the train to achieve levita-
tion. Inductrack was invented by Lawrence Livermore National Laboratory physicist Richard E.
Post. The only power required is to push the train forward, with increasing levitation force generated
as the velocity of the train increases over the loops of wire.

7. A linear motor is essentially an electric motor that has had its stator “unrolled” so that in-
stead of producing a torque (rotation) , it produces a linear force along its length.

Many designs have been put forward for linear motors, falling into two major categories, low-ac-
celeration and high-acceleration linear motors. Low-acceleration linear motors are suitable for maglev

trains and other ground-based transportation applications. High-acceleration linear motors are nor-
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mally quite short, and are designed to accelerate an object up to a very high speed and then release
the object. They are usually used for studies of hypervelocity collisions, as weapons, or as mass
drivers for spacecraft propulsion.

When a linear motor is used to accelerate beams of ions or subatomic particles, it is called a par-
ticle accelerator. The design is usually rather different as the particles move close to the speed of
light and are usually electrically charged.

8. An induction coil (archaically known as a Ruhmkorff coil) is a type of disruptive discharge
coil. These coils are passive electrical device used to produce high voltage pulses from a low voltage
DC supply.

9. In physics, a magnetic field is an entity produced by moving electric charges ( electric cur-
rents) that exerts a force on other moving charges. (The quantum-mechanical spin of a particle pro-
duces magnetic fields and is acted on by them as though it were a current; this accounts for the
fields produced by “permanent” ferromagnets. ) A magnetic field is a vector field: it associates with
every point in space a vector that may vary in time. The direction of the field is the equilibrium di-
rection of a compass needle placed in the field. '

10. Earnshaw’ s theorem states that a collection of point charges cannot be maintained in an e-
quilibrium conﬁguratibn solely by the electrostatic interaction of the charges. This was first stated by
Samuel Earnshaw in 1842. It is usually referenced to magnetic fields, but originally applied to elec-
trostatic fields, and, in fact, applied to any classical inverse-square law force or combination of
forces (such as magnetic, electric, and gravitational fields).

11. Diamagnetism is a very weak form of magnetism that is only exhibited in the presence of an
external magnetic field. It is the result of changes in the orbital motion of electrons due to the exter-
nal magnetic field. The induced magnetic moment is very small and in a direction opposite to that of
the applied field. When placed between the poles of a strong electromagnet, diamagnetic materials
are attracted towards regions where the magnetic field is weak. Diamagnetism is found in all materi-
als; however, because it is so weak it can only be observed in materials that do not exhibit other
forms of magnetism. Also, diamagnetism is found in elements with paired electrons. Oxygen was
once thought to be diamagnetic, but a new revised molecular orbital (MO) model confirmed oxy-
gen’ s paramagnetic nature.

12. An electromagnet is a type of magnet in which the magnetic field is produced by a flow of
electric current. The magnetic field disappears when the current ceases.

13. The Lawrence Livermore National Laboratory ( LLNL) is a United States Department
of Energy national laboratory, managed by the University of California, in Livermore, California. A-
long with Los Alamos National Laboratory, it is one of the USA’ s two laboratories whose mission has
included the design of nuclear weapons.

14. A Halbach array is a special arrangement of permanent magnets which augments the mag-
netic field on one side of the device while cancelling the field to near zero on the other side. In the
diagram, the magnetic field is enhanced on the bottom side and cancelled on the top side (a one-si-
ded flux). The pattern (on the front face; left, up, right, down) of permanent magnets can be con-
tinued indefinitely and have the same effect. It is roughly similar to many horseshoe magnets placed

‘5.
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adjacent to each other, with alternating polarity.

The effect was discovered by Mallinson in 1973, and described as a “magnetic curiosity” al-
though he recognized that this magnetization pattern could make significant improvements in magnetic
tape technology. Mallinson showed that any magnetization pattern in which the x and y components
of the magnetization are 7/2 out of phase will cause a “one-sided” flux, the simplest being sin
(kx), -cos(kx). It was later (and independently) discovered by Halbach, who used the arrange-
ment in particle accelerators. ‘

This device is the fundamental principle behind the Inductrack maglev system, a levitating train
that requires no power to levitate; power is only used to create forward motion. The Halbach arrays
repel buried loops of wire after they have been accelerated to speed, lifting the train. Halbach arrays
were originally developed in a cylindrical shape, known as the Halbach cylinder.

15. A particle accelerator is a device that uses electric and/or magnetic fields to propel electri-
cally charged particles to high speeds.

16. The National Aeronautics and Space Administration (NASA) , which was established in
1958, is the agency responsible for the -public space program of the United States of America. It is
also responsible for long-term civilian and military aerospace research.

17. In physics, for a given gravitational field and a given position, the escape velocity is the
minimum speed an object without propulsion, at that position, needs to have to move away indefi-
nitely from the source of the field, as opposed to falling back or staying in an orbit within a bounded
distance from the source. The object is assumed to be influenced by no forces except the gravitation-
al field; in particular there is no propulsion, as by a rocket, there is no friction, as between the ob-
ject and the Earth’ s atmosphere ( these conditions correspond to freefall) and there is no gravitation-
al radiation. This definition may need modification for the practical problem of two or more sources
in some cases. In any case, the object is assumed to be a point with a mass that is negligible com-
pared with that of the source of the field, usually an excellent approximation. It is commonly de-
scribed as the speed needed to “break free” from a gravitational field.

18. In electricity, current refers to electric current, which is the flow of electric charge. Light-
ning is an example of an electric current, as is the solar wind, the source of the polar aurora. Proba-
bly the most familiar form of electric current is the flow of conduction electrons in a metallic wire.
This is how utility companies deliver electricity. In electronics, electric current is most often the flow
of electrons through conductors and devices such as resistors, but it is also the flow of ions inside a
battery or the flow of holes within a semiconductor.

19. Mach number (Ma) (pronounced as “mack” in International English or “mock” in the
American English) is defined as a ratio of speed to the speed of sound in the medium in case. The
Mach number is commonly used both with objects travelling at high speed in a fluid, and with high-
speed fluid flows inside channels such as nozzles, diffusers or wind tunnels. As it is defined as a ra-
tio of two speeds, it is a dimensionless number. At standard sea level conditions, Mach 1 is 1,225
km/h (765.6 mile/h) in the atmosphere.



Unit One

_Exercises

1. Answer the following questions according to the text.
1. What’ s the definition of maglev?
How much time does Shanghai maglev take people to the airport?
How many primary types of maglev technology are there? What are they?
What does inductrack use for stabilization?
What are the pros and cons of EMS?
What are the pros and cons of EDS?

N wmA W

. What are the pros and cons of inductrack?
1. Choose the best answer to each question. :
1. A maglev is a type of train that is in the air above a single track.
A. suspended B. propelled C. operated D. travelled
2. The train can be levitated by the repulsive force of poles.
A. opposite B. unlike C. like D. dislike
3. A new, perhaps less-expensive, system is called .
A. EDS B. inductrack C. EMS D. none of the above

4. has narrow gap between track and vehicle.

A. EMS B. EDS C. Inductrack D. none of the above
5. The top speed of Shanghai Maglev 'is km/h.

A. 250 B. 431 C. 268 - D. 650

M. Translate the following sentences into Chinese.
1. A maglev is a type of train that is suspended in the air above a single track, and propelled u-
sing the repulsive and attractive forces of magnetism.
2. Japan and Germany are active in maglev research, producing several different approaches and
designs.
3. The effect of a powerful magnetic field on the human body is largely unknown.
4. Some space agencies are researching the use of maglev systems to launch spacecraft.
5. Inductrack was originally developed as a magnetic motor and bearing for a flywheel to store
power.
IV. Summary writing.

In no more than 80 words give an account of this passage. Use your own words as far as possible.

Learn to Say

LA./Greetings (B}

1. Welcome to China! X’Kﬂ@]"l’*'
2. Welcome to our city! MR B RATRI IR !

Everyday English I HHEAFBEHE(—)
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. Welcome to our train! XK T Ak AR IR B %
. Glad to take your train! BAREG SR AL RN KIE !

N

5. A; Glad to meet you. TLBRAR & %!
B: Glad to meet you, too. WEMR, UL B 24!
6. A; How do you do? PRI
B: How do you do? PRI
7. A: How are you? R G 7
B: I’m fine (very well), thank you. And you? AR, 8. TRWE?
A: I’m fine, too. R WIRLF,
8. Glad to see you again. X RBMRIR B2,
9. Haven’ t seen you for a long time. HABAE RBKT o

Or: Long time no see. BAAL R

A/Farewell =]

1. Goodbye, everybody! B R
2. Good night! B!
3. See you again. B,
Or: See you later. B,
4. See you tomorrow. BRI o
5. A: Wish you a pleasant journey! AR g R !
Or: Hope you’ll have a fine trip. 7S BRIRE MR ST
Or: Happy journey! iR TN
B: Thanks, see you again. i, B R
6. Hope you’ll come again. BRI EX
7. Hope you’ll come to China again. FHERERSE,
8. A: I hope to see you next journey. 8T KIRATE WEMR
Or: I hope to take your train next time. ZHHE P IRFBIRBITNE,
Or: I hope to meet you next time. FFETUB AR,
Or: Hope you’ll take our train next time. FELTIKTLRNTBFIE,
B: I hope so. oA B,
9. Give my best regards to your family. [BMERFE B A,
10. May we meet again some day! AHHERITEREIE,
11. 1 hope we shall meet again soon. HHERINMNAAER,

ZC./Introduction 7

1. A: May I know your name? Bl A IR AR 28 7157
Or: May I ask your name? REEMBEIRA BT
Or: Your name, please. HEHEFRKFEHEFE,

B: My name is -+ AL FEM--er |

2. A Are you Chief Conductor? WRF KNG
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B: Yes, what can I do for you? B, HaEg?
3. A: Are you a conductor? %%F’Jiﬁ o
B: No, I am a station attendant. R BEEWIRSE R
4. A; Where is Station Master? K ESRIL?
B: Maybe Station Master is at the platform. WKETBBZEN S k.
5. A: Let me introduce the chief conductor to you. This is Chief Conductor , Mr. Li. And this
is Mr. Smith.
WENBIRAR— TP ERK ZRFIFKRZERE, XREFHT L,
B: It’s my pleasure to know you, Mr. Smith. If you have any difficulty in traveling, please
let us know. We shall try our best to help you and wish you a pleasant journey.

MFMNIRES, e . MRSERE T AR 2B, BEFRI. RITER

T B, LR R
C: Thank you. i,
6. A: Have a cigarette, please! I

B: No, thank you. A,
7. May I introduce myself? RUTUNME—-TRECE?
Or: Let me introduce myself. HiLRNMFES,

Text B Existing Maglev Systems

In Berlin, the M-Bahn was built in the 1980s: a driverless maglev system with a 1.6 km track con-
necting three U-Bahn (metro) stations. Testing in passenger traffic started in August 1989, and reg-
ular operation started in July 1991. On account of traffic changes after the fall of the Berlin Wall,
deconstruction of the line began only two months later and was completed in February 1992. The
line was replaced by a regular U-Bahn line.

The world’ s first commercial automated system was a low-speed maglev shuttle that ran from the
airport terminal of Birmingham International Airport (UK) to the nearby Birmingham International
railway Station from 1984 to 1995. The length of the track was 600 m, and trains “flew” at an alti-
tude of 15 mm. It became effective for nearly eleven years, but the out-of-date electronic systems
made it unreliable in its later years and it has now been replaced with a cable-drawn system.

Transrapid, a German maglev company with a test track in Emsland, constructed the first opera-
tional high-speed conventional maglev railway in the world, the Shanghai Maglev Train from Shang-
hai to new Shanghai airport at Pudong. It was inaugurated in 2002. The highest speed achieved on
the Shanghai track has been 501 km/h (311 mile/h), over a track length of 30 km. Transrapid u-
ses EMS technology.

Japan has a test track in Yamanashi prefecture where test trains have reached 581 km/h (363
mile/h) , faster than wheeled trains. These trains use superconducting magnets which allow for a
larger gap, and repulsive-type “Electro-Dynamic Suspension” (EDS). In comparison Transrapid u-
ses. conventional electromagnets and attractive-type “Electro-Magnetic Suspension” (EMS). These
“Superconducting Maglev Shinkansen” , developed by the Central Japan Railway Co. (“JR Cen-

.9.



WA BN 3R L H5E

tral” ) and Kawasaki Heavy Industries, are presently the fastest trains in the world, achieving a re-
cord speed of 581 km/h on December 2, 2003. If a proposed Chuo Shinkansen is built, connecting
Tokyo to Osaka by maglev, this test track would be part of the line.

The world’ s first commercial automated “ Urban Maglev” system commenced operation in March
2005 in Japan. This is the nine-station 8.9 km-long Tobu-Kyuryo Line Linimo, otherwise known as
the Nagoya East Hill Line. The line has a minimum operating radius of 75 m and a maximum gradi-
ent of 6% . The linear-motor magnetic-levitated train has a top speed of 100 km/h. The line serves
the local community as well as the Expo 2005 Fair site. The trains were designed by the Chubu.
HSST Development Corporation, which also operates a test track in Nagoya. Urban-type maglev
trains patterned after the HSST has been constructed and demonstrated in Korea, and a Korean com-
mercial version is proposed by Rotem.

In the US, the Federal Transit Administration (FTA) Urban Maglev Technology Demonstration
program has funded the design of several low-speed urban maglev demonstration projects. It has as-
sessed HSST for the Maryland Department of Transportation and maglev technology for the Colorado
Department of Transportation. The FTA has also funded work by General Atomics at California Uni-
versity of Pennsylvania to demonstrate new maglev designs, the MagneMotion M3 and of the Maglev
2000 of Florida superconducting EDS system. Other US urban maglev demonstration projects of note
are the LEVX in Washington State, the Massachusetis-based Magplane, and a design similar to
HSST by American Maglev Technology of Florida at Old Dominion University in Virginia.

On December 31, 2000, the first crewed high-temperature superconducting maglev was tested
successfully at Southwest Jiaotong University, Chengdu, China. This system is based on the princi-
ple that bulk high-temperature superconductors can be levitated or suspended stably above or below a
permanent magnet. The load was over 530 kg and the levitation gap over 20 mm. The system uses

liquid nitrogen, which is very cheap, to cool the superconductor.
Questions for Discussion

1. What are the existing maglev systems that this passage has mentioned?
2. Which company constructed Shanghai Maglev Train? What kind of technology does transrapid use?

Reading Material

Train Operations 1

Definitions

First, it is important to set out some definitions. A train is defined here as one or more railway vehi-
cles capable of being moved. It may be made up of a locomotive ( sometimes more than one) to pro-
vide power with various unpowered vehicles attached to it. It may consist of a multiple unit, i. e.
several vehicles formed into a fixed formation or set, which carry their own power and do not require

a locomotive. A train may be only a locomotive running light ( deadheading) to a point elsewhere on
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