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INTRODUCTION

From the moment humans first bogan to explore the world, it became a priority to
be able to move ever further and faster. We walked, swam and ran, invented the
wheel and learned how to domeasticate animals, all to ald the progress of human
life. Today, we can travel any way wo want to; we can ride, drive or fly - we can aven
axplore space. Food can be shipped around the world, mail can be sent by air and

maessages over the Internat

But wind the clock back a fow hundrod yoars and the story looked rather different.
Before the Industrial Revolution of the 18th cantury, options for travel ware severely
limited, and in nearly all cases travelling by horseback was the only way to got
around if you didn't want to waik. Slow, uncomfortable and offering litthe protection
from the weather, it was still the most aeffective way to travel as luxurious horse-

drawn carriages were expensive,

The other option was water transport. Sea travel could help to move larger loads
across greater distances, but salling ships were heavily dependent on wind
pattorns, and changes in weathor could make those voyages dangorous. In addition
to the perils of the journoy by sea, it was also time-consuming. A trip to India from

England by ship could take up to six months, for axample.

Inland rivers were also navigable by boats, and became an important way o
transport goods, Many citles, such as London, Rome and Cairo, were bullt around
them. When the Industrial Revolution began to take off, human-made canals
oxpandoed the rivar system, and bacamae important to the booming economy.
Horse-drawn canal boats were able to pull a boat a hundred times their own waight
on land, and this made moving heavy goods easier. However, the pace was still
slow, and even bigger lcads coukdn't meet the Insatiable demands of tha revolution

Another solution was needad...

Enter, the age of the railway!




THE FIRST RAILWAYS

Teday, railways are commonplace in many parts of the world.
They snake around our coastlines, zip across our countryside
and trensport goods and millions of passengers every single day.
It is strange to think that they have only been around as we
know them for about two hundred years.

Ralways exsted long befora the first steam angines
were invented. These ‘railways’ appeared n Europe
during the 17th century and were designed to make
manual work easier, Heavy loads were moved via four-
whoaled wagons, which ran on woaden planks. The
reduced friction made moving materials like stone

and coal much Quicker and easer

The first stoam engnes ware used in British mines
durng the 17th century to pump water, It wasn't long

bofore enginears tried using steam power to propel

vehicles, and in 1802 the inventor Richard Travithick

bullt the very first working steam locomotive.

Once the }dea of steam locomotives caught on, there
was no locking back, Fuffing B4y, built by Wilkam
Hedley (a leading mndustrial enginear of the 18th
century)in 1813, isthe oldest surviving locomotive in
the world. Hedley pioneared the use of smooth maetal
rails, which provided lower friction than wooden rails,

malking it possible to haul aven heavier loads

Puffing Billy went on to influence many other engineors. The first publio radway to use steam locomotives, the
Stockton and Darfington Radway in England, opened in 1825, It was desgned by George Stophenson, who went on

to be known as the 'Father of Railways’ for his influential role in 90 many early schemos.

THE GRUGE

Cne of Stepheonsons most significant
decisions was Lo set the gauge for British
railways. The gaugo is the distance
between the rails and is measured from
the insido adge of ona rall to the other,
By using the same gauge on different
railways, Stophonson could ensure that
the knes weore compatible when theoy
connected, HMe decided on a gauge of
1.435mm, which became known as the
‘standard gauge’ Today, more than half

of the world's railways use this gauge.

The standard gauge was not without

its rivala. lsambard Kingdom Srunal,

onginoer of the British Great Western
Railway, decided on a much wider gauge
when he desgned the line between
London and Bristol, which opened in
1838. His widor tracks, sot at a wixith
of 2,144mm, allowed for mora stability
at speod, and bigger vehicles which
could carry greator loads. Unfortunately
for Brunel, his ideas arrived too late to
compota, and by 1892 al the tracks
had been converted to the narrower

gauge of s rival, Stephenson




STEAM LOCOMOTIVES

Once the possibility of steam-powered engines had been realised,
a whole host of locomotives were tried and tested around the world.
Some proved too heavy, others too unrelicble and some were even
dongerous, but the arrival of one revolutionary design changed the
course of history. Rocket, designed by engineer Robert Stephenson
(George Stephenson's son - see page B) was to provide the principles
of design for the vast majority of steam locomotives that followed.

Haat from the fire passes through
the boller via smaller tubes. This
heats the water (o bolkng point,

raising the stoam pressure.
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The Flestinicg railway in North Wales is a marvel of 19th century engineering. It was built to
transport slate for roof tiles from the quarries around the town of Blaenau Flestiniog, high
up in the mountains of Snowdenia, down to the harbour at Porthmadog, It apened in 1836,
using a narrow gauge of 597mm to match the wagens alrecdy in use in the quarries.

The criginal trasns were powerod by horses, which hauled empty wagons uphil The designer of the
raldway, James Spoonar, made sure the route was downhil all the way from the quarras, so the loaded
wagons could roll down to the harbour. The trains were controliod by brakesmen ~ groups of two or throe
man who rode on the loaded wagons to control the traing” speed. Only some of the wagons hac! brakes,
which wora appied by pulling a laver. With some trains up to one hundrod wagons long, the brakesmen
had 1o jump between the moving wagons to apply or release the brakes, whioh was incredibly dangarous,
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By the 1860s, the rallwiy was generating so much work carrying slate that the horsas couldn't keep up.
Thare was a0 incroasing domand for a passenger servioe, which meant the railway had to be reworked.
The solution was for several small steam engines Lo be built, which were among the first narrow gauge
locomatives in the world, By 1869, thare were six working the Ine, but soon even thay bagan to struggle
with the demand.

Luckidy, & revolutionary idea was presented to the radway that same year, Engineer Robert Franciy Fairlie
had patented the "Double Fairlie, an ingenious doubie-ended locomotve design. This was in effect two
locomatives construcied back- (o-back and runreng on a pair of bogies, which saved the axpense of having
two crows but doublad the powar output. The first of thase was called Littke Wonder, and over the next 17
yoors another three Doutle Fairlie's were built for the rasiway. Thay were 8o successful that Robert Fairlie
allowad the rallway 10 use his patent for frea foraver, something it continues to ¢o to this day,
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ELECTRIC LOCOMOTIVES

The first electric train wos tested as far back as 1837, Unlike steam
trains, electric locomotives do not carry fuel on-board. Instead, they
are powered by electricity which can be supplied from overhead lines,
a third rail or in storage such as batteries, Becaouse electric trains can
be powered by renewable energy sources, they are considered less
polluting than steam or diesel trains,

The first electric passanger train was presented by Werner von Slemeans at an exhibition in Barlin in 1879,
Conssting of a small locomaotive and theee cars, it reached a speed of just 13km/h,
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The ETR 200 s a recocd-breaking electnio passenger train. It is widely considered one of the first ever high-speed
trains and was put into sarvice in 1936, In 1939, £ broke the spead recond for trains by reaching just over 20 1kem/h,
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The ICE (Intercaty Exproess) is one of Germany's most successful electne traing, The third generation \OE 3,
can reach speads of 300km/h, Since 2018, it has run on entiredy renewable energy Sources,




PRSSENGER TRAINS

Railways changed the way people travelled forever, They provided what
' may have been the first opportunities for people to travel far from their
Y home, to experience new sights and to consider new ways of working.
Today, they play a vital role in transporting peaple for business or pleasure.

E The Swansea and Mumbles Railway in the UK was the first passenger-carrysng railway, opening in

1807 along its horse-drawn route. By 1830, passenger-carrying steam trans appeared on the

Liverpoot and Manchaster Ralway, and trains scon evolved rapidly. Carrsages grew in langth and

splendour, gaining extra wheols to provide smoother journeys, Intenors became more comfortable,

from tha inclusion of padded seats, to todots and restauranta. But not averyono enjoyed those bonefits

straight away. It wasn't until 1844 that the UK passed the Railway Regulfation Act. Before then, some
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passengeors often travelled in cramped open-ar wagons, without seats and on imited sorvices
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EXPRESS TRAINS

Qnce railways became more established, passenger trans began (o run more frequently and became

more affordable. The development of the radtways, alongside the booming steamship industry, allowed
for widasproad migration, particularly from Europe Into North America, as poopla want in search of

new job cpportunities and places Lo live,

Today, a vanaty of service types are on offer, Local trans, made up of only & few carraages, call at avery
station and take a long time to cover a route. Others might stop at faewar stations but have more Camages
and traved a bit quicker - these are often called ‘sami-fast’ trains. The fastest of all, and usually the most
glamorous, are axpross traing. Exprass traing only stop at main stations or might even run non-stop
botwean two oities. The famous Fiiing Scotaman (shown above), which ran from London to Edinburgh

in tha UK, or the Empire State Express in the US, represant the Goldan Age of the expeass train
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There are few more evocative names than the Ornient Express. Made famous by its luxurious

passenger experience and picturesque route through romantic cities such as Paris, Vienna
and Budapest, its beauty has been immortalized in both film and literature.
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FREIGHT TRAINS

Some of the longest, heaviest and most powerful trains in the
world are freight trains, which help to move heavy or bulky goods.
The earliest freight trains spreng from a need to move raw materials
such as coal or metal ores to industrial centres, and today they not
only continue to move raw materials but distribute finished products
too. The distances covered can be huge - even intercontinental -
with some services running all the way from China to Europe.

Fresght trains are usually formed of a locomotive and many separale wagons
Theseo locomotives are not designed for speed, but power. Whether diosel or
olectric, one tran with one driver is a far more efficient way of hauling goods

over a long distance than travelling by road and using lots of lorries




- RAILWAYS OF THE WORLD -

THE BRIKONUR
COSMODROME

Sometimes, freight can teke unusual forms, The Baikenur Cosmodrome in Kazakhstan is

one of the few places on Earth where spacecraft are launched. In fact, nowhere else in
the world leunches as many spacecraft as this site does.

The rallway system at Baikonur is the largest industrial network in the world and is designed to
ransport entire spacecrafl from the assembly building to the launch pad, ready for thest jJourney fnito
Space. it 10 increcibia to think that rockets ara constructed and transportad via radways at this desect
location here on Earth. It 16 whaere both Spuinik, the first ever satellite, was lunched in 1957, and

whoro Yuri Gagann, the first parson in space, was launched n 1961

In ordar 1o transport these aNOrMous cargoes, a special type of fresght vahicle called a Schnabe!
car % recuired Sohnabel cars are designed for oversized carngoes and can wrhstand huge amounts
of weight. Thay are constructed in two halves which separate to accept the load, similarly to a bird's

beak opening and closing, Once secured, the freght is integrated as part of the car itsel,

While Schnabel cars can carry rockets, at Baikonur thare have been Limes whon even larger loacds
have boen transportad, in the 1980s, tha Soviat Union davelopad a space shuttle named Suran, which
was 50 large it was pulled to the aunch pad by four desal looomotives on a special rallway made from

two 5615 of paraiiel ralls
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B e S ire e RN Vi gdown the mail without the train even stopping. Mall sacks
Freight doesn’t always have to be big. Sometimes, even the - An R j; 4L R TVR R ot hS wide DF U traCK, Mt the Sain wowst

i L = ;_" axtand a net of a hook from its side to pick it up as it paseed.
2 TS - To drop off the mail, the operation could be raversad, o
A """ the mali coudd simply be thrown out of the train! The mail

" workors had to ensure the sacks wero thrown far enough
- not to get sucked back on to the tracks by the rushing air,

lightest of goods need an efficient way of being transported. To
move mail by rail, several extraordinary ideas allowed for post te
be collected and delivered without trains even having to stop. At
one time, the mail industry in the UK accounted for over a billien
tonnes of letters, postcards, stamps, parcels and boxes a year.

in 1838, the workd's first Traveling Post Office (known
as the TPO) came into use in the UK, Thes type of railway
carriage enabled staff to sort post en route and was used
for over 160 years. TPOs were equipped with ‘pigeon

holes on-board whoro lotters wore sorted, and some

trains even had a letterbox built in the side of it so people

could posat lettors whilo it was at a station.

TPOs wore used In several countries, but while they wena
extremedy innovative n their time, they were eventually
overtaken by other technologes and thair use dachinod
They were last used in the US in 1977, and were linally
discontinued in the UX by tha end of 2004, Daspite this,
mail stil continues to be transported by rail m varying
forms around the world,



Today, we think very

little of international time

zonos, but bofore railways

were introduced, time was
measured by the position of

the sun and was therefore much

more localised, So how ware traing

able to run to one timetable botwoeen
two distant citios? The answer was to
standardise time, 8o every clock across
the oountry displayed the same thing,
This trarmsition ocourred in the UK during
1847, whon all raitways adoptod what
bocame known as Groanwich Mean Time.
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OVERCOMING OBSTACLES

When railway pioneers first began to build lines across continents, many areas
ware not well-mapped. Explorers risked their lives to find ways through difficult
terrain such as mountain ranges, deserts, canyons and rivers, Their research
helped to draw accurate maps, which were used to plan rallway routes, Some
natural cbstacles could be aveided by meandering around them, but for others,
ingenious engineering solutions were required to allow trains to pass through.
Early bridges were constructed from timber, iron and stone, and were later
replaced by steel and concrete, which were quicker and cheaper to use,

The Glenfinnan Viaduot in the Soottish Highlands rose to fame when it was featured
in tho Harry Potter™ films to showoase the journey of the magical Hogwarts Expross.
Completed in 1898, the concrote viaducot features 21 arches

TN i 2R S P v Y

L -

C e

n

The Lethbexdge Viaduot in Canada s the longest, and highest, trestle bridge in the
world at 1.6km long, and 96m tall. It was designed as a means of travelling from cne

side of the prairie 1o the other withoul steep gradiants
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The Danyang-Kunshan Grand Bridge in China & currently the worid's longest
bridge, strotohing 165km over the Yangtze River. More than 10,000 people wore
invoived in its construction, which took around four years to complate. Incredibly, it

is capable of withstanding typhoons and at least magnitudo 8 oarthquakos.

Roproesenting a key milestone in tho history of ralway engineeoring the Forth Bridge
in Scotland Is a major landmark. Opanad in 1890, the Forth Bridge is in fact the
longoat cantilover bridge in tho world at 2,487m long.
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- RAILWAYS OF THE WORLD -

THE CALIFORNIA ZEPRYR

The California Zephyris one of the most spectacular long-distance passenger sorvices in the US, tratchas over 850m. it later reaches the Mile High City of Danver ( alloct WS It 15 almost axactly
Travelling between Chicage and San Francisco, the iconic journey passes through seven states, ne mile (1.6xkm v 860 level), befor nbing the Rocky N
covering almest 4,000km in just over two days. Following the Colorade River through deep, Ten Curve’ on ks way

winding gorges, the train also passes some astonishing scenery along the way, from the snow-

capped pecks of the Slerra Nevada mountain range to the algine forests of the Rocky Mounteins,



FUNICULAR RAILWAYS

Funicular rallways are specially designed to move
ocarriagos or trams up and down hils over short distances.
Thay work via a cable syatem, which was originaly
developed for hoisting freight wagons in quarries, whereby
& hoavier desconding load is Leed to pull alighter ioad up a
slope. Today, most funiculars are oleotric passengor linas,
wmlemwumTMeehm
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Nith a4 platforms (more than any othes in the world), Grand Cantral Terminal in New York, - i

! ) US serves the commuter rail lines into the centre of Manhattan. Around 750,000 people
c“u"v‘““nn'n! ﬂmuu '.!'.! p hr h ’ facil
oy T Y . ' pass through the station every day, Because of this, a number of facilines are provided,

from food and refreshments o retail opportunities. But that's not all - durning its hstory,
~ Grand Central has included a library, a tennis court and aven a cinema.

Of course, station staff are essential to the smooth-running of evary journey. From those in
the booking office salling tickets, to others on the platform helping Lo dispatoh trains, they

all ensure that timekeaping and passenger safaty are at the heart of raslway operations,
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MASS RAPID TRANSIT mEg

Mass Rapid Transit is the term used to describe a transport

A & network which only operates within the limits of a city. They are A
el more familiarly known as subways, metropoliten or underground o i el
lines. The success of railways during the 19th century attracted
more people and traffic to city centres, causing congestion above

ground. New solutions were needed to transport people from r
A

g place to place quickly and trains yet again held the answer, e

. Yy - o) s o — L : . 2
et =% - : v oUTIE -
3 - T .‘ - 2 .’ - _ ..: - l -| ‘

-
-

: [~ .. ] LS}
L e S === /a3 = = T/ =

e
i
i

5

<
M B Y
-

Underground rallways could bypass congestion above ground and other inconveniences including bullidings, parks The world's first underground rallway opened in London, UK in 18686, to packed carriages and cheering
and rvers. It was therefore po ¥ L0 transport huee NUMbDers of passe § ACTross town quickly and frequently: commutars. & was aptly named the Metropolitan Ralway, and transported over 38,000 people on its first day
Still hugely popular today, rapid transit systoms can travel both above and below ground, and have exclusive of service. Today, the ‘Tube' network (as it s commondy known) transports over two milion people every day

nght-of-way, meaning pedestrians or other vehicles are not permst 0 share the track

BUILDING THE METROPOLITAN

The Metropoltan Radhway was haded as ‘the

angineering triumph of the day'. t
wind network created? Many of the s
were built using a method called ‘cut and cover’, This is where

the ground s first dug out to make a trench, then covered

over (o form a tunnel Later, ‘tunnelling shields’ were used

(ahown left), a revolutionary concept patented by engineer
Marc Brunel T hield allowed for the first sucoed

tunnel undemeath a river to be bulit, and paved the

the tunne ring machines of the future (




TRAIMS

Most railways are built to deliberately aveid other types of vehicle,
but tramways are a special type of railway which run on rails laid in
public roads. Tramlines are usually built in cities to help transfer people
quickly and easily around town and can often be seen criss-crossing
major cities like Melbourne or Rome. Before the widespread use of
buses or taxis, trams were an extremely popular form of transport.

Overhoad linos aren't the only way of powering a tram. One
of the most famous tram systems is the cable car in San
Francisco, whero the trams have no power themselves,
but are moved along by clamping hold of a moving steel
cable, which runs in a groove in between the rails. This
mothod is partioularly helpful in powering the cable cars
up and down San Francisco’s famously steep hilla,

A classic example of a tramway system oan also bo soon
in Budapest n Hungary. Tho distinctive yellow trams aro
a vital part of oity life, and there are 36 routes across the
city centre that pass some major sites and along the banks
of the river Danube.

IIII III

Early trams were hoese-drawn, bul later urban tramways were among the

first types of radway to make widesproad use of electric power. Most electrio
trams work ves & power cable (known as an overhead [ine) that is suspanded
above the tramlines along the entire route. Each tramcar has a pantograph
mounted (o its roof, which stays n contact with the overhead line and

supphes each tram’s motors with elactnoity,



British engnear Honry Hobinson Paimer cpanad one of the eariost elevated monoralils in 1823
SKY LI n ES It was intended to help tranasport heavy materials using containers balanced on either side of a
sngle overhead rall, In 1826 the first passenger alovated monorall cpenad, where people ware
There are some VOHWOYS that do not run olong the gvound at pulled afong in suspended carriagos by a horse, paving the way for modern elovated monorails,
all, but instead are suspended above the train. These single rail
systems are called "elevated monorails’. Today they can be found
around the world, most often for short urban journeys so they

don’t come into contact with pedestrians or other vehicles.
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The Wuppertaler Sohwebebahn openod in Germany in 1901 and is one of the most ioonio elovated
monorais today, Thought to be mfluanced by Paimer's earty designs, it carries around 85,000

passongors overy day, suspanding them diraotly above the River Wuppar for much of the route.

o

. | . — There are other types of radway which are built off the ground, New York Ciay's famous ‘High Line'
park was once a fully functioning elevated railway. Constructed in the carly 1930s, it was built for
fraght trains as a solution to the dangerous ground level tracks which crossed busy streats. The Ine

(almost 10m off the ground at its highest point) helpad to shift produce to warehousos across the city.

Au the popularity of road vehioles grew in the 1860s (see page S50), the New York railway line was

vesed less and less. The Minal train ran in 1980, and today the 'Miracle Above Manhattan' has been

transformed into a park, with plants growing between the once-used steel tracks
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| COMPLETE CONTROL

Safe and efficient train movements rely on the control
and management of signals. Over time, control
systems have developed and evolved to allow for the
tochnical and complex industry we see today.

Tha Stockton and Darlington Raldway ran its first train in 1825,
In front of the train was a man on horseback, carrying a flag. Law
stated that the public had to be warned of a train's approach,

and so the first type of signalling was born.

Baforo long, railway lines became much busier and trains

-
became much faster. A method was needed to let thern
. . know whan to stop and start, and so time intervals wore
introduced. This was where a set amount of time, often

around 10 minutes, was alowed botwoon the paasing of
each train running at full speed. Those were controlled by
radway staff who waved flags to signal to drivers.

Mechanical signals first appoaredinthe UK in 1841, Theso
inchoators took different forms, sometimes with disos o
arms, which could be rassod and lowered to signal if it was
safe to proceod. These wore known as ‘semaphore signals’.

POSSESSION AND SIGNALLING

The nterval system worked as long as the trains worked, but early trauns were
not reliabla, When thay broke down, the time intervals no longer worked, In
situations wheee visibility was poor (such as in foggy conditions or tunneds),
many accudents ocowrred by trains running into each othar, simply becauvse
thece was no way of knowing a preceding train had stopped. The soluton was

to ciwvila the rallway nto dfferant portions, known as block sections. In this

system, only one train is allowed 10 enter a block at any time and is said to have

‘possession of that section of track e

Electric ‘colour-light” signals woere introduced in the oarly twentiath century

and quickly became widespread. Thess wore placed in positions along the
track whore they were clearly visible to the draver from some distance away
Red lights indicate ‘stop’ and green indicale proceed’, similarly (o road vehicle
traffio lights, Today, most modarn trains redy on sophsticated computer-based
signalling systems cisplayed in the cab. These run automatically and can stop

& train in the svent of an amargency.,
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(WOMEN AND CHILDREN

Some of the decisions made in wartime have had a lasting
impaoct on the rallways and the way they are run today. As
men and boys were called away Lo ight, more women were
able to gain employment in vital rallway roles. In fact, the
number of women working on the raidways in the UK during
the First Workd War rose from 8,000 to §0,000.

Initially some women became ticket collectors on major
railways while octhoers patrolled platforms, but as the war

wont on more women took on roles which had traditionally

boan thought of as mala. This included enginearng roles

such as carpentry, welding and mechanical technicians,

paving the way for careers that many woman pursue today,
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NEW OPPORTUNITIES

Inthe US, passengor sorvicos were widely cut back, due not

ondy to increased road use but compatition from airlines

for cross-country travel. Traveling by train coast to coast

d acce 3 otor hicles C W first o ¥ d th frec f : would have taken three days or more, but traveding by
v A , NON- rail ravel plane dramatically reduced the journey time to just hours,

! ‘ Today, freight services stll power across the country,

providing a vital servioce that airlinos cannot matoh, and

doing %0 more officiently and cheaply than road vahicles,
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Closures have not always lad to the end of a ratway's e
On 14 May 1951, the Talyllyn Raitway in North Wales
bacama the first rallway in the world to ba run as a heritage

rallway, Organised by a group of volunteers, the ine now

Oparates as a tourst attraction using histone steam
locomotives. The aim isn't Lo prof or maintain the railway
for transport purposes, but 1o preserve a part of history,

Hertage radways can be found all over the world today,

from the US to New Zealand, and Norway to South Africa,



HIGH-SPEED RAIL

By 1964, the age of the jet plane was in full swing, and many /’
people were enjoying the freedom of their own cor. Trains were
considered slow, obselete and unfashionable. But the Wso
were obout to open an exciting new sort of rai ch wos to

/4

hare ts no Axed definition of a gh-spead ralway, but trains that operate above 200km/h are usually

congierad (o Lo high-speed, with the fastest operaling at over 300Km/h. Trang which run on high

spaed lings are sloek PRRSeNger services, designad (o be asrodynamic to provide extra efficiency
Thay are also immansoly powerful, High- speed trains don't require a separate locomotive, but usually
have an ntegrated powear oar at either and, or powared bogles sproad avanly down the langth of the

train. There is more 1 high-spead rail than just speed, though. Tracks are specialy designed with

gontle ourves and rails that are continuously walded togather 1o give a smooath ride

-

High-speed rail becama an axciting goal for many countres. in 198 1, with tha opering
of the TGV (Train & Grande Vitesse) Sud-Est line, France becama the second country
to run a high-spaed raliway. This was the catalyst for the spraad of high-speed ines

aoross Eurcpe, the only network to oross international borders.

Today, China has more kilometres of high-speod track than the rest of the world put
togather. The network not only accounts for over two-theds of the world's high -speed

1

radways, but also tho fastest trains. The Fuxing Hao travels at an incrodible 350xkm/h!



The route between Tokyo and Oscake was the very first high-speed railway. Cpened in 1964,
and with a tep speed of 220km/h, the iconic ‘Bullet Train' became the fastest train in the
werld. The Shinkansen network is extraordinary for many other reasens, teo. Its safety record
is impeccable, with not a single passenger fatality or injury due to train cccidents in its
entire history. It is also so punctual that delays are measured in seconds, not minutes!

With 516km of track to conatruct, 87 tunnels and over 3,000 bridges to bulkd the project was
considered 100 expansive by many. The eventual bl of ¥380 billicn (nearly doubie the mnitial estimate of
¥ 200 billion) forced the president of the railway company and his chief engineer to resgn before £ even

opanad, But the oritics were So0n proven wrong, and within threa years over 100 million passengors had
been carried across the route. This ronrng success allowed the network to continue expanding despite
the costs, and today Shinkansen routas stracch rght around the country with more planned.,

The Shinkansen natwork 18 also spocially designed to deal with earthquakes (with an average of
1,500 happening in Japan every year). Seismometors along the route measure tremors and
can automaticaly out power to the lines and activate emergency brakes on the trains If required,
To halp monitor the track, special trains observe the condition of the rafs and overhead wires. Their
yalow livery and diagnostic capabllities have given them tha nckname the ‘Yellow Doctors™




Another exciting idea is the Maglov trav, This stands for ‘magnatic lavitation’, which gives
I nTU T H E FUTU R E soma indioation as to how it operates. Instead of running on conventional rallway lines,
the Maglov uses two rows of magnets set into a guide track, The first set is configured to

It is estimated that by 2050, the global population will stand ot repel the train UpWREd, ORUNE K 10 TIORLINE Shove the LG WIT ReSevare ses v
almost 10 billion. With an estimated 75% of that population living the train forwarda. Dol sels of mEgnets rermove any friotion ivom I traof g vy
high speads possible. The fastost train over is a Maglov, which achieved an astonishing
BO3km/h on a test track In Japan n 2015, I

in cities, railways could help to facilitate the growing demand for
environmentally friendly travel. Trains have the potential to be the

future of greener, cleaner transport, and there are several existing
ideas which may influence the railways of the future.

As our neliance on fossil fuals decreases, diesel-powerad locomotives will
mont likely disappenr, much as steam-powered trans did a few generations
ago. Electric trains emit 25-30% less carbon per mle than dwsel engines,
and have the potential to be powered by renewable energy sources, further
ooNntnbuting to cleaner air. One idea that s Daing tested s hydrogen fuel cels
Those use hydrogen and oxygen as fuel, meaning that trains coukd one day

produoe thair own power with an exhaust of pure waler vapour

RESISTANCE-FREE TRAVEL

Loocking even further ahead, an exciting theoretical form of train is the Vacuum Tube
Train, somatimes catled the Vacotrain or Hyparioop. This takes soma of the features of
Maglov technology, mcluding levitation, bul goes a step further to reduce the fnction

L reamovas the ar! By placing magnetic tracks inmde a sealed tube and removing the
a&ir, Al resistance is ocomplately removed This means that ext emaly high speeds could

be reached, cartainly high hundreds, but maybe even thousands of kKilometres per hour!
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— The history of railways and rail travel has helped bring civilisation to TP !;‘}}{}."ﬂ“—,’ﬂ_f“ LN P L F e T

where it is today, from the earliest introductions of industry, through the
Industrial Revolution and into the 21st century. Railways will continue
their vital role in the future of transport and can be part of the answer

to many of the environmental questions we are striving to solve today.
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RECORD BREARKERS AROUND THE WORLD
.

SMALLEST
PUBLIC RAILLWAY

Wolls and Walsingham
Light Railway, UK - 260mm

' "o

BIGGEST
STEAM LOCOMOTIVE

08 1042) - 40,5 ST )
Fontiii, AR AY
long, 549 .300&8 Gv?q:l{’?gnﬁﬁiﬁ’;lfﬂw.w,
total welght UK ~-2,140mm
l o Wy

Y-

FRSTEST
ELECTRIC TRAIN

TGV, France -

574 B8xmn(2007)

SHORTEST
RAILWAY JOURNEY

Angols Fight, LA, USA - B1m

Tha history of the radways s one Milled
with quests for speed, power and sae.
Froem the lagendary Union Pacific Big Boy,

MOST SOUTHERLY

to tha mammoth 84F kon Ore, hare wa STH“U"

take a look at some of the graatest rallway T
‘ Argentina - opened 1909

record-broakers

MOST NORTHERLY
STATION

Karskaya, Hussia -
oponed 2011

LONGEST
TRAIN JOURNEY
mUS‘ PUWERFU[ . Trang:Sibarian Rallway,
ELECIRIC lUCUmﬂTWE MosoSw to Viadivostok,
Novoohorkassk 4EGK, Russia - 9,289%:m
RAussia (2014) -

17,838 horsopower

i

DEEPEST STATION
ELOLW GROUND

Arsonaina, Ukraine H|BHESI
RAILWAY STATION

Tanggula Station, China -
5.1km above sea level

105 .5m below ground

LONGEST
FREIGHT TRAIN

Australin BHP kron Ore
(2001)~ 7.353km
682 wagons and

8 lhcomotives

61



GLOSSARY

AIRSHIP

A type of nflatable aircraft that is madoe lighter
than air by the use of gasses such as hydrogen

or halium

BOGIE

A sot of whools a sot of attached to a frame
which pivots. This halps trans Lo round corners

more smoothiy.

BOILER

The part of a loocomotive where stoam

18 produced,

CAB

Algo known as the driver's compartment
or footplate, this is the part of the traun that

houses the driver and opecating crow

CANTILEVER BRIDGE

A type of bradge bt with a pasr of structures

Known as cantdovers (a type of baam)

CARGO

ia

CYLINDER

ELEVATED RAILWAY

A typo of urban railway where the tracks

are sol above streel level

FRCADE

T'ha outward-facing side of a building,

usually the front.

FIREBOX

Tha chamber in whioh the fire of a locomotive

is placed. it is usually made of copper or steel

FRICTION

A foroe that couses resistance when one

Surface moves over another

HRNOCAR

A small, four-wheolad raddway car,

operatod by hand,

INFRASTRUCTURE

5

All of the structures, bulld Ngs, and aquemeant

MIGRATION

The movemaent of poople from one

locabion to another.

MONCRAIL

A typo of ralway whare the traing run on a single rail.

PANTOGRAPH

A devioe mounted 1o the roofl of an electric train
or tram, which collacts alectncal current from

overhead wiras

PATENT

A government recogmsed liconse or recognition

of spechic nventions of ijeas

PISTON

A type of plunger usod in steam and diesol
locomeotives. The piston transfers power to the whoeols
VA fh:J.V' "_"5#;‘.(1{.‘-\1 staam in a staeam loocomotive,

or igrited ciesal od in a chesel locomotive.

RENEWABLE ENERGY

»‘\Z”,- f energy that is 81 unhble Its SOurose w

NEVer run owt. Wind and solar pows Ao axample

[ rONOWAL 0 anargy 1o

SEISMOMETER

hatr ASUTE

summit

The top, or the highest paint of a hil

or mountan,

TRANSCONTINENTAL

Crogsing a continent

TRANSPORTER WAGONS

A wagon of ralway car used Lo carry

other raldway egquipmeant

TRESTLE BRIDGE

A simple bridge made of upright plors

and borzontal spans

TUNNEL BORING MACHINE

A machine which creates tunnels using
a rovolving cutting face, and propols iteed
forwards. It can be used to excavate many

materals inoludng soill and rock

TUNNELLING SHIEL

A protactive structure used during the excavation
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airship 15
ambulance train 48-49

Baikonur Cosmodrome 22-23
Batley, Claude 36

Blaenau Ffestiniog 12-13

Boer War 49

British Great Western Railway 9
Brunel, Kingdom lsambard 9
Brunel, Marc 39

Bullet Train 54

Buran 23

Burlington Bridge 30

C

California Zephyr 30-31

canal boat 6

cantilever bridge 29

Chhatrapati Shivaji Mahara)
Terminus 36

colour-light signal 45

Compagnie Internationale des
Wagons-Lits 18

control system 44

0

Danyang-Kunshan
Grand Bridge 29
Darjeeling Himalayan Railway
34-35
Deltic 15
diesel locomotive 15, 23
Diesel, Rudolf 15
double-ended locomotive 13
Double Fairlie 13
DRG Class SVT 877 Hamburg
Flyer 15

E

electric locomotive 14, 61
elevated monorail 42, 43
elevated railway 43
Empire State Express 17
ETR 200 14

express train 17

T e

INOEX

F

Fairlie, Francis Robert 13
First World War 46-47, 48
Flying Hamburger 15
Flying Scotsman 17
Forth Bridge 29

freight train 20

funicular railway 33
Fuxing Hao 53

G

Gagarin, Yuri 22

gauge 9

Glenfinnan Viaduct 28
Gotthard Base Tunnel 29, 59

Grand Central 37
Greenwich Mean Time 26

H

Hedley, William 8
heritage railway 51
High Line 43
high-speed rail 52, 58
Hogwarts Express 28
Hyperloop 57, 59

ICE3 14

ICE (Intercity Express) 14
Industrial Revolution 6, 58
Intercity 125 15

interval system 44, 45

J

jet plane 52

L

Lethbridge Viaduct 28
Liege-Guillemins 36
Little Wonder 13

m

Maglev 57, 58, 59
magnetic levitation 57
Maputo station 36
metropolitan 38-39, 59

lllllllll

milk tanker 21
mineral wagon 21
monorail 43
mountain railway 32, 34
Mount Washington

Cog Railway 32

|

Nagelmackers, Georges 18, 19
narrow gauge 12,13

0
Orient Express 18-19

P

Palmer, Robinson Henry 43
pantograph 40

passenger trains 16, 17
Porthmadog 12

Princess Christian 48-49
Puffing Billy 8

0
Queen Victoria 36, 49

R

rack and pinion system 32
renewable energy 14, 56
reverse siding 35

Rocket 10, 11, 52, 58

S

Schnabel car 23
Schwyz-Stoos 33
Second World War 47, 50
seismometer 55
semaphore signal 44
Shinkansen 54-55, 58
ship 6

Soviet Union 23
spacecraft 22

space shuttle 23
Spooner, James 12
Sputnik 22

steam engine 8, 13

steam locomotive 8, 10-11, 51,
58, 60

steel girder bridge 31

Stephenson, George 8, 10

Stephenson, Robert 10, 58

Stockton and Darlington Railway
8, 16,44, 58

stone hopper 21

subway 38

Swansea and Mumbles Railway
16

T

Talyllyn Railway 51

time zone 27

toy train 34

Train a Grande Vitesse 53
tram 33, 40-41
transcontinental railway 27, 59
Trans-Siberian Railway 27, 58, 61
Travelling Post Office 24
trestle bridge 28

Trevithick, Richard 8

Tube 39

tunnel boring machine 29, 39
tunnelling shield 39

U
underground 38, 39, 59

V

Vactrain 57

Vacuum Tube Train 57
viaduct 28

W

wagon 8, 12, 16, 20, 21, 33, 58
Werner von Siemens 14
Wouppertaler Schwebebahn 43

Y

Yellow Doctors 55

L

Zeppelin 15




