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Every fact web-verified against primary sources

THE LIFT LINE

A train that never touches its track sounds like a magic trick, but it is only physics done cleverly: the same

magnets that push two north poles apart can lift a carriage into the air and shove it forward. The romance of a

floating train is real, yet so is its price tag, and understanding both is the key to seeing why India’'s first bullet

train will roll on steel wheels rather than glide on a magnetic cushion.

WHY THIS EDITORIAL MATTERS FOR YOUR EXAM

High-speed rail is a recurring infrastructure and technology theme, and maglev is a favourite of examiners

precisely because it rewards conceptual clarity over rote memory. Knowing how levitation and propulsion

work lets you evaluate technology choices rather than merely list them.

GS Paper 3: Science and technology developments and their applications, infrastructure, and indigenisation

of technology. The topic connects transport policy to applied physics and to cost-benefit reasoning in public

investment.

For Prelims, hold the specifics: maglev stands for magnetic levitation; the two main levitation approaches

are electromagnetic suspension (EMS) and electrodynamic suspension (EDS); propulsion is

provided by a linear motor, either linear induction or linear synchronous; operational or advanced examples

include the Shanghai maglev and Japan’‘s SCMaglev (Chuo Shinkansen) project; and India’'s first

high-speed-rail line, the Mumbai-Ahmedabad bullet train, uses conventional Shinkansen wheel-on-rail

technology, not maglev.

For Mains, argue that technology choice must weigh speed against cost, ecosystem and interoperability.

BACKGROUND AND CONTEXT

A conventional train is limited by the very thing that makes it work: the contact between steel wheel and steel

rail. That contact carries the weight, guides the train and, through friction, both drives and brakes it. At very

high speeds the same friction, along with mechanical wear and the difficulty of transmitting power through a
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small contact patch, becomes a ceiling. Maglev was conceived to remove that ceiling by removing the contact

altogether.

By using magnetic forces to hold the vehicle a small distance above a guideway, maglev eliminates rolling

friction, leaving mainly air resistance to overcome. This is why maglev systems can target speeds well beyond

conventional rail. India, meanwhile, has been building its high-speed capability through the Mumbai-

Ahmedabad corridor and expanding its network with Vande Bharat services and Dedicated Freight

Corridors, all of which remain wheel-on-rail.

THE CORE ARGUMENT / ISSUE

There are two dominant methods. In electromagnetic suspension (EMS), electromagnets on the vehicle

are attracted upward to a ferromagnetic guideway from below, with the gap held constant by fast electronic

control because attraction alone is inherently unstable. In electrodynamic suspension (EDS), powerful

magnets on a moving vehicle induce currents in conductors in the track, and the interaction produces a

repulsive lift that grows with speed. EMS levitates even at rest but needs constant control, while EDS is stable

at speed but needs the vehicle to be moving before it fully lifts.

Propulsion comes from a linear motor, which is an ordinary rotary motor unrolled flat along the track.

Instead of spinning a shaft, a travelling magnetic wave along the guideway pulls the vehicle forward. A linear

synchronous motor places the powered windings in the track and lets them tug the vehicle along, while a

linear induction motor works on induced currents. Because there is no wheel to slip and no gearbox to

wear, propulsion is smooth, quiet and free of the traction limits that bind conventional trains.

ASPECT MAGLEV CONVENTIONAL HIGH-SPEED RAIL

Support Magnetic levitation, no contact Steel wheel on steel rail

Propulsion Linear motor in guideway Rotary traction motors, wheels

Friction No rolling friction, only air Rolling plus air resistance

Top speed Very high High but wheel-rail limited

Cost and network Very high, incompatible track Lower, uses rail-compatible track

Indian example None operational Mumbai-Ahmedabad bullet train

How a train levitates

How it moves without wheels
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Maglev’‘s advantages are real, but so are its drawbacks. A maglev line needs an entirely new, dedicated

guideway that cannot share track with existing railways, which means no interoperability and very high capital

cost. Conventional high-speed rail, by contrast, uses a mature global supply chain, can connect into

surrounding networks and has a proven safety and cost record. This is why India’'s near-term choice is

Shinkansen wheel-on-rail technology, with maglev remaining a possibility for a distant, ultra-high-speed

future.

HOW TO THINK ABOUT THIS (ANALYTICAL FRAME)

Apply a technology-choice frame: the best technology is not the fastest in the laboratory but the one that

fits a country’‘s cost, ecosystem and network needs. Layer on a cost-benefit frame that weighs headline

speed against capital outlay, maintenance, interoperability and ridership. Finally use an appropriate-

technology frame: for India’'s current stage, a proven, network-compatible high-speed system delivers more

value per rupee than a spectacular but isolated maglev line.

THE DIAGRAM IN WORDS

Magnets lift vehicle off guideway -> no wheel-rail contact -> rolling friction removed -

> linear motor drives via travelling magnetic wave -> only air resistance remains ->

very high speed but very high cost + no interoperability -> India chooses Shinkansen

now, maglev as a long-term option

WAY FORWARD

Speed against cost and compatibility

Deliver the conventional corridor first. Complete and operate the Mumbai-Ahmedabad line

to build domestic expertise, ridership and confidence before committing to exotic technology.

1

Build indigenous capacity. Use the bullet-train programme to localise manufacturing, signalling

and civil-engineering skills so that future high-speed projects rely less on imports.

2

Keep maglev under study. Fund research and pilot evaluation of maglev for select ultra-high-

density or ultra-high-speed routes where its advantages could eventually justify the cost.

3

Decide by evidence, not prestige. Choose between maglev and conventional rail on transparent

cost-benefit and interoperability analysis rather than on the appeal of the newest technology.

4
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PYQ LINKAGE AND PRACTICE

The theme links to past questions on the applications of science and technology in infrastructure and on

indigenisation. UPSC has asked candidates to assess technology choices in transport and to explain scientific

principles behind emerging systems, both of which this issue supports.

Practice question: Explain the working principle of magnetic levitation trains and compare maglev with

conventional high-speed rail. In this light, justify India’'s choice of technology for its first high-speed-rail

corridor. (15 marks, 250 words)

Sources: The Hindu science and editorial pages, National High Speed Rail Corporation on the Mumbai-

Ahmedabad project

Source: Trains That Float: The Physics of Maglev and India's High-Speed Rail Path — Ujiyari.com | Free UPSC &

State PCS Editorial Analysis
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