
  

         
  


    
   




  


     
     
  
   

   

 
    
 






      


    



   




  














     
      



  

  


      







     





  



Neglected in North America but nurtured
in Europe and Japan, high-speed rail systems 
are a critical complement to jets and cars
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dvanced ground transportation has three categories: high speed, very high 
speed and magnetic levitation (maglev). High-speed systems, such as Am-

trak’s Northeast Corridor in the U.S., use the traditional steel-wheel-on-rail tech-
nology and can operate at top speeds ranging from 200 to 240 kilometers per
hour (125 to 150 miles per hour). Very high speed systems are considered ca-
pable of reaching 350 kilometers per hour (218 mph), using enhanced wheel-
on-rail technology. They are always electrically powered and require relatively
straight route alignments to accommodate the higher speeds. The French Train
à Grande Vitesse (TGV) (shown at bottom ), Germany’s InterCity Express (ICE)
and Japan’s Shinkansen (bullet train) are all examples of very high speed rail.

Maglev systems are quite different from traditional trains. They use electro-
magnetic forces to levitate, guide and propel train cars along a guideway at
projected speeds of 320 to 500 kilometers per hour (200 to 310 mph). The
German Transrapid (shown at top ) on the elevated guideway, and Japan’s MLU—
both noncommercial prototypes—are the only full-scale examples of high-speed
maglev technology. A feature unique to maglev is the use of a synchronous mo-
tor that provides linear rather than rotational motion, with power supplied to
magnet windings in the guideway. 

—John A. Harrison, Parsons Brinckerhoff Quade & Douglas, Inc.

High-Speed Rail versus Maglev
HIGH-SPEED RAIL MAGLEV

Likely top speeds in 
commercial service of 
400 kilometers per hour

Speeds of 330 kilometers 
per hour planned for the 
near future

New rights-of-way and tracks
needed for high speed, but exist-
ing tracks might be used for ur-
ban operations at lower speed;
construction costs are lower

At speeds of 260 kilometers
per hour, noise level reaches 
85 to 90 decibels at a distance 
of 25 meters from the track

31-year history of revenue-
generating lines

Energy use, per seat-mile, 
projected to be similar to 
maglev’s at top speeds

Totally new infrastructure 
required; higher construction
costs; maintenance costs
may be lower

Noise level equal to or lower
than that of high-speed rail
at identical speeds; quieter
at low speeds because of
lack of friction
No high-speed, commercial
lines in operation
Less energy use in general

Faster acceleration than 
high-speed rail; can 
climb steeper grades

SOURCE: Office of Technology Assessment, U.S. Congress

INTERIOR OF TRANSRAPID
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AIR GAP
APPROXIMATELY
1.5 CENTIMETER

High-speed maglev vehicles employ one of two kinds of suspension: elec-
tromagnetic (EMS) or electrodynamic (EDS). Used on the German Transrapid
system, EMS relies on attraction between vehicle-mounted electromagnets
and others on the underside of the guideway. In contrast, the electrodynamic
system (shown at right ) pushes the vehicle up above the guideway using re-
pulsing magnets. As implemented in the Japanese MLU prototypes, EDS is
based on superconducting magnets, creating a gap about 10 times greater

than EMS is capable of producing. The greater gap allows for less precision
in guideway construction tolerances.

At present, however, the ride
quality of EDS vehicles is

poorer than for EMS
ones and therefore

requires more
development.
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AIR GAP
APPROXIMATELY
15 CENTIMETERS

MAGNETS

  

INTERIOR OF TGV
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