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How to Use This Pamphlet
The secret to successfully earning a merit badge is for you to
use both the pamphlet and the suggestions of your counselor.

Your counselor can be as importantto you as a coachistoan
athlete. Use all of the resources your counselor can make
available to you. This may be the best chance you will have
to learn about this particular subject. Make it count.

if you or your counselor feels that any information in this
pamphlet is incorrect, please let us know. Please state your
source of information.

Merit badge pamphlets are reprinted annually and requirements updated
regularly. Your suggestions for improvement are welcome.

Who Pays for This Pamphlet?

This merit badge pamphlet is one in a series of more than 100 covering all kinds
of hobby and career subjects: It is made available for you to buy as a service of the national
and local councils, Boy Scouts of America. The costs of the development, writing, and

editing of the merit badge pamphlets are paid for by the Boy Scouts of America in
order to bring you the best book at a reasonable price.

Send comments along with a brief statemient about yourself to
Pilots and Program Development; §272
Boy Scouts of America « 1325 West Walnut Hill Lane « Irving, TX 75038
If you prefer; you may send your commenits fo merit badge@Scouting.org.
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Requirements

1.. Do THREE of the following:

a.

b

o2

Name three types of modern freight trains. Explain why
unit traing-are more efficient than mixed freight trains.
Name one Class I or regional railroad. Explain what
major cities it serves; the locations of major terminals,
service facilities and crew change points, and the major
commodities it carries.

Using models or pictures; identify 10 types of railroad
freight or passenger cars. Explain the purpose of each
type of car.

Explain how ‘a-modern diesel or electric locomotive
develops power. Explain the terms dynamic braking and
radial steering trucks.

2. Do the following:

d.

Explain the purpose and formation of Amtrak. Explain,
by the use of a timetable, a plan for-making a trip by rail
between two cities at least 500 miles apart. List the times
of departure and arrival at your destination; the train
number and name; and the type of service you want.
List and explain the various forms of public/mass transit
using rail:

3. Do ONE of the following:

a.

b.
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Name four departments of a railroad company. Describe
what each department does.

Tell: abouit the opportunities in railroading that interest
you most and why.

Name four rail support industries. Describe the function
of each one.

With vour parent’s and counselor’s approval; interview
someone employed in the rail industry. Learn what that
person does and how this person became interested in
railroading: Find out what type of schooling and training
are required for this positiorn.

SUSTAINABLE Certified Sotircing !
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. Explain the purpose of Operation Lifesaver and its mission.

. Do THREE of the following:

a. List five safety precautions that help make trains safer
for workers and passengers.

b. - Explain to your merit badge counselor why safety
around rights-of-way is important.

¢. List 10 safety tips to remember when youl are near a
railroad track {either on the ground or on a station
platform] or aboard a train.

d. Tell your counselor about the guidelines for conduct
that should be followed when vou are near or on
railroad property. Explain the dangers of trespassing
on railroad property.

e. Tell what an automobile driver can do to safely operate
a‘car at grade crossings, and list three things an
automobile driver should never do at a grade crossing:

f. Tell‘how to report a malfunction of grade crossing
warning devices.

g. " List safety precautions a pedestrian should follow at a
public crossing.

. Explain the appearance and meaning of the following warn-
ing signs-and- devices: advance warning sign, pavement
markings, crossbucks, flashing red lights, crossing gates.

Do EACH of the following:

a. Explain how railroad signals operate and show two
basic signal types using color or configuration.

b. - Explain the meaning of three horn signals.

c. - Describe a way to signal a train for an emergency stop.

d. Explain the use-and function of the EOTD (end-of-train

device), or FRED {flashing rear end device), used on the
last car of most freight trains.

. Select ONE of the following special-interest areas and
complete the requirements.
a." Model Railroading

With your parent’s and counselor’s approval, do TWO

of the following:

(1) Draw a layout of your own model railroad or one that
could be built in your home. Design a point-to-point
track or loop with different routings. Include one of the
following: turnaround or terminal or yard or siding.

(2} Build one model railroad car kit or one
locomotive kit.
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Name the'scale of four popular model railroad
gauges. Identify the scale of four model cars

or locomotives.

Locate the website of four model railroad-related
manufacturers or magazine publishers. Print
information ‘on their products and services and
discuss the information with your counselor.

Build one railroad structure {from scratch or using

a kit), paint and weather the structure, mount it on
your layout or diorama, and make the surrounding
area on'the diorama scenic:

Alone or with others, build a model railroad or
modular layout including ballast and scenery. Make
electrical connections and operate a train. Describe
what you enjoyed most.

Participate in-a switching contest on a timesaver
layout and record your time.

Explain the difference between powering and
controlling a model railroad by using direct current,
and powering and controlling a model railroad using
digital command control.

.- Railfanning

With your parent’s and counselot’s approval;, do TWO
of the following:

(1

2)

(3)

4

Visit a railroad museum, historical display, or a
prototype railroad-sponsored public event. With
permission, photograph, videotape, or sketch items
of interest. Explain what you saw and describe your
photos, sketches, or videotape.

Purchase fickets and ride a scenic or historic rail-
road. Under supervision, photograph the equipment
and discuss with your counselor the historic signifi-
cance of the operation.

Locate the website of four rail historical groups,
then find information on the history of the rail pres-
ervation operations and purpose of each group. Talk
with a member of one of the groups.and find out
how you might help.

Plan a trip by rail between two points: Obtain a sched-
ule and explain when the train should arrive at two
intermediate points. Purchase the tickets and make the
trip. Explain to your counselor what you saw.
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A BRIEF HISTORY OF AMERICAN RAILROADING

A Brief History of
American Railroading

At the turn of the 19th century, travel over land in the United
States was slower than it had been in ancient Rome. The
Romans had surfaced most of their roads with stone and other
hard materials to make travel by horse-drawn wagon and
chariots much easier. The dirt roads of Colonial America were
far more primitive and filled with mud each time it rained. The
lack of bridges forced people to go out of their way to cross
rivers. Vehicles drawn by animals traveled about as fast as a
human could walk. But the coming of the railroad changed
all this.

On July 4, 1828, Charles Carroll—the last surviving signer
of the Declaration of Independence—Ilaid the foundation
for what would become the Baltimore and Ohio Rail Road.
Passengers could ride a horse-drawn railcar for 13 miles to
Ellicott’s Mills, Maryland. This
was the nation’s first common
carrier, or public transporta-
tion, of freight and passengers
by rail on a regular schedule.

Soon it became evident
that steam was a more
practical form of power than
animals. Economics and the
Industrial Revolution triggered
and quickly stimulated the
infant railroading industry.
From the mines, forests, and
farms to factories and markets,

By 1830, Peter Cooper, an inventor from New York,
completed work on his revolutionary invention

railroads hauled all kinds for replacing horsepower with steam.The Tom
of products: coal, iron ore, Thumb, an experimental steam locomotive, never
timber, cattle, grain, and got beyond the test stage, but it paved the way for

. more advanced locomotives.
finished goods.

RAILROADING 7
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The California
gold rush of 1849
increased public
demand for
coast-to-coast
rail connections.
Previously, railroad
construction
averaged 316
miles of track per
year. Butin the
1850s, the average
jumped to 2,000
miles per year. By
the time the U.S.
Civil War started
in 1861, more than
30,000 miles of
track had been
laid, almost as
much asin all the

rest of the world.

8 RAILROADING

century vThxsy is when peop je began to mvent and use
machines to do work that previously had been done
by hand, increasing pmductmty and efficiency.

By 1836, the Baltimore and Ohio Rail Road had reached
Harper’s Ferry, Virginia (there was no West Virginia until
1863), with a 37-mile line into Washington, D.C. Sixteen years
later, these rails had extended to the Ohio River at Wheeling,
Virginia, opening up what would soon become a trade route to
the West.

During these early years the nation’s rail system expanded
along the Atlantic Coast from Portsmouth, New Hampshire,
to the Carolina states. But it wasn’t possible to ride a train or
ship goods all that distance by rail. People still relied on stage-
coaches, freight wagons, and coastal steamships. However,
within six years of the founding of the Baltimore and Ohio Rail
Road, 200 rail lines formed in America.

Some rartread companies established different
gauges {éistances between the inside edges of the
rails} for their own tracks, making it impossible for
railcars to pass from one railroad to another. People
soon recognized the need for g uniform gauge. In
preparattan for the building of theTransccmtmentai
Railroad, F‘re&dent Abraham Lincoln ordered that
standard  gauge should be 4 feet, 8‘[2 mches Many
think this unusual measurement, still used today, is
a throwbask to the width of Roman chariot wheels.
Britain u[t{mately adopted the same measurement
asits own standard gauge for wagon and carriage
wheels, and later railroad equipment. Many early
locomotives in America were British-built, so it
_made sense to acmmmadat& this wheel w:dth in
\ the Umted States, o
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UNION PACIFIC RAIL ROAD
MAF OF A POATION OF
NEBRASKA TERRITORY.

SHOWING SURVIYS AND LOCATION
e
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TheTranscontinental Railroad
Unites a Young Nation

In an effort to bring the nation together by connecting the
East to the West, President Abraham Lincoln, on July 1, 1862,
commissioned the Union Pacific Rail Road to start laying
tracks westward from Omaha, Nebraska. He also commis-
sioned the Central Pacific Railroad to lay tracks eastward from
Sacramento, California. The two railroad tracks were to meet
somewhere in between at an undecided location. The track
would cover a total distance of 1,780 miles.

After three years, only 40 miles of track had been laid.
Even though Congress had allocated $48,000 per completed
mile of track as an incentive to each railroad, fighting between
the North and South diverted attention. The U.S. Civil War
of 1861-65 became the world’s first armed conflict to use
railroads, which underscored the growing importance of this
new mode of transportation.

RAILROADING 9



The Trans-
continental
Railroad was the
most massive civil
works project

in history since
the Great Wall of
China. It would
remain so until
the digging of
the Panama
Canal early in

the 20th century.

©OF AMERICAN RAILROADING sy

Transcontinental Railroad workers received from two to
four dollars per day for backbreaking 12-hour shifts, an excellent
wage for that time. A man’s pay depended upon the kind of
work he was hired to do. Laborers from all over came here for
the high wages, the prospect of steady work, and a chance to
stay after the rail line was completed. Most came from Ireland
{(where the potato famine had forced many families to the
edge of starvation), Germany, Great Britain, Central America,
and especially China, where as many as 7,000 laborers were
recruited by the Central Pacific Railroad. Many second and
third generation Americans laid track as well: Mormons, Civil
War soldiers returning home, freed blacks who had been
slaves, and American Indians.

The construction crews worked so hard near the end of
the lines that they actually bypassed each other in their haste
to outperform their rival crew. During one astounding day,
almost two weeks before the two crews met, the workers laid
more than 10 miles of track, a record that stands to this day.
After the tracks from east and west were joined at Promontory
Summit, Utah, on May 10, 1869, a golden spike was driven to
symbolize the now correctly named United States of America.

10 RAILROADING
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By the 1800s, with the introduction of the steam locomotive and rapid growth of
ratlways, travel by train became more accessible to the general population.
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Modern Railroads

Railroads, with their low rolling resistance, offer the most
efficient and cost-effective way to haul passengers and heavy
freight long distances over land. It takes far less energy and
fewer workers to operate & multi-car train than the equivalent
munber of highway trucks. The high Iabor officiency comes
from the fact that numerous carloads traveling along a guideway
inclose order need only one “driver.”

Railroads wansport freight and passengess over land in
steel-wheeled cars directed along fixed-guide paths. The rails;
made up of two long, heavy bars of siesl; each shaped like an
inverted “T.” may be sef upon wood, concrele, stesl, or com-
position crossties embedded in crushed stone called ballast Or
their guideways may be elevated above or buried below ground.

{fmsr per tie, two The sta%&a;-é
on each s;de} gauge distance
STEEL ; between inner

- ” 1 | . sides of raitheads
fowo per il " jeas
STEEL WES
{two per tie plate,
one on each side
of the rail; extra
tie plate holes used
on curves and for 3%3§3§§§§§ .
in different locations)

{3000 used per

Most crossties are 897 mile of track}
fong, 77 wide, and 7
5% high.

SuBCRADE

Structure of a railroad track

RAILROADING
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MODERN RAILROADS

A ssm;ais physics ;}ﬁﬁe;gi& i{fz . as 3“{§§§§§§ ;‘gsfs%ﬁszs:% establishes
‘that hard wheels roll with %&ss effort over hard surfaces t?;afz soft
wheels do over softer surfaces. To test this p

over a hardwood fiaar T’E'een roll a faam'

over e:arpetmg
Which rolls easier
, éﬁégi}%s farther?

Various track configura-
tions give flexibility to train
movement. The most com-
mon include the tumont

At the nrnont swirch is

2 steel frog, a channeled
device af the infersection of
two tracks that allows the
wheel flanges of 3 rail car
10 Cross over from one
track to another. For more
information about frack
configurations, refer to the
“Model Railroading” section
in this pamphlet.

The switch diverts wheels The frog allows
from one track to the wheel flanges to
other when switch points crass running rail.
are shifted. STRAIGH

The gusnd rait prevents whesls from i‘aiéﬁg‘
the wrong path through the frog.

T

Parts of 3 turmnout

14 RAILROADING
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Freight Trains

Tralis afe categorized acconding to the

; haul 3 single freight or

f car i run between fwo poinis—with

ne loading of unicading stops In between

to one destination; saving 2 Iot of time
Mixed trains, or general mérchandise traing; Carfy & variety | TS—————

of freight in different types of railcars. The individual cars are

ultimately headed for different destinations, so the mixed train =~ Every day a

usually goes through a classification yard; unit train of
Intermodal trains haul standardized; space-saving ;

containers and trailers that are also carried on trucks and ships,  refrigerated

This method of shipping saves shippers considerable time and ' poxears leaves

handiing expense while protecting the carge from the weather, N

damage, and theft. Intermodal containers can move as singles  [iorida, headed

2,

[f o

ot

iaded on Hatvars, of 35 donbiesincks with containers stacked | for New Jdorssy
two-high,

wath thousands
sfgaliansof ot
ssice on bosrd

%



Greenbrier Maxi-Stack
APF" an all-purpose
double-stack car

For coniginerized cargo, fstcars e
frequently loaded and unloaded by
an ntermodal crane, which straddies
the frain.

is BapnoanmG



MODERN HAILROADS

Bulkhead flatcar

Specialized Freight Cars
Shippers use different kinds of railroad cars depending on the
type of cargo, or lading, 1o be deliversd and the loading/
unloading facilities available. Flatoars are platforms used for
carrying intermodal containers and piggvback trailers. They
alsp carry other Ireight, including large electrical generators
and transformers, bulky pipe sections, and even mililary
weapons. Flatcars can be
unipaded by intermodal
cranes or from the side by a
large overhead container
forklift. They come in several
variations: afl-purpose, which
is flat (flush) all the way
across; center beam bulkhead,
with a supporting bulkhead
that runs down the center
from end to end; bulkhead,
with sturdy walls at either end;
and depressed-center, with a
depression in the platform

for lowering oversize loads
enough fo clear bridges,
overpasses, and tfunnels.

RALBOADING 17
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In 1857 a Chicago
meat packer shipped
the first refrigerated
car, which was cooled
by placing chunks of
ice at each end of the
car. Today’s refrigerator
cars have high-tech

' mechanical or chemical
Enclosed railcars called boxcars range from 50 iha machi
to 90 feet long and carry general freight in plain cooling machinery.
cars or products requiring special equipment
or handling.

Railcars with valu-
able perishable cargo
often run in express

{anes, which are
given priority over
other rail traffic.
Refrigerated boxcars {nicknamed reefers} haul perish-
ables such as fruit, beef, cheese, poultry, fruit juices,
and frozen foods maintained at minus 10 degrees F
Covered hoppers, the most

common kind of freight car
in North America, transport
loads—such as grain and
sugar—that also require
protection from contamina-
tion and the weather.
These cars empty through
the bottom.

18 RAILROADING



MODERN RAILROADS

Open-top hoppers are used for freight like coal, mineral ores,
sand, gravel, and crushed stone for track ballast.

Mill gondolas provide the maximum open carrying capacity for
exposed loads. For protected loads such as steel coils, gondolas
are equipped with removable covers. Side-dump gondolas can
unload by tilting to either side; coal-carrying gondolas unioad by
turning upside down.

Tank cars carry liquids, mostly
petroleum products such as
fuel oil and petrochemicals,
and liquids like vegetable

oil, and are sometimes
pressurized. Some tank

cars have special linings to
contain hazardous chemicals,

RAILROADING 18
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Many modern
freight cars have
a gross rail
weight (GRL) of
286,000 pounds,
which includes
the weight of the
car when empty
{light weight or
LT WT) plus the
maximum weight,
in pounds, of
freight the car
can carry {load
limit or LD LMT).
Today's railroads
test railcars

with a GRL of
315,000 pounds.

20 RAILROADING

Some specialized railcars haul cargo such as livestock,
industrial and nuclear waste, and automobiles.
This Trinity Railcar Q2 carries automobiles

Starting aTrain

Two main factors determine a locomotive’s ability to move a
train: the relationship of its horsepower to tractive force, or the
amount of power produced to the amount of force exerted.
Two other factors also are important: the rails’ angle of incline
and the adhesion (grip of the wheels to the rails). Although a
single locomotive exerting a weight of as much as 70,000
pounds per axle can pull many cars, two or more locomotives—
distributed throughout the train and remotely controlled from
the lead locomotive—may be required to pull very long and
heavy trains.

Reporting Marks
Each ﬁg@h’t car carries on its sidgsa variety of
stenciled letters and numbers that reveal a great

deal of information about the railcar. Letters (and
logos) indicate the name of the railroad or leasing
company moving the freight, such as "BNSF" for
Burlmgton Noﬁ Santa Fe. Each car came

preceded with "BLT" shaws the date each car was
busit Other numbers gwe you th’ ns;da dzmensxens




MODERN RAILROADS

Radial Steering Trucks
_ A locomotive’s “trusks” are the compiete assamb es of driving
xie gearboxes brakes, smt sprmgs, and other parts—
’ rucks are hinged to flex and
,aufves These trucks reduce wheei
better adhemon .

Most of today’s railroad locomotives are “fired” by diesel
fuel. A diesel-electric locomotive, the most common locomotive
in service today, has a main diesel engine, which runs a large
electric motor called a traction alternator. The generator pro-
duces electricity to power the electric traction motors, which
are mounted—one per axle—on the power trucks.

MAIN DIESEL ENGINE L
RIMEMOVER) B8 o rearor

DCTRACTION MOTOR

WHEELSET

Diesel-electric locomotive with DC {direct current) traction motors

MAIN DIESEL ENGINE -
 GENERATOR

r AC TRACTION MOTOR

WHEELSET
Diesel-electric locomotive with AC {alternating current} traction motors

RAILROADING 21
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Electric
multiple-unit
(EMU) commuter
trains are
self-propelled;
all cars {from
eightto 12) can
be controlled

from one cab.

22 RAILROADING

Electric locomotives (without
a diesel engine} collect current
from overhead wires, or
catenary, through metal arms
called pantographs mounted
on the roof. Others use a pick-
up shoe to collect current from
an electrified third rail placed
next to the running rails. The
locomotive's internal equipment
converts high-voltage current
to lower voltage current.

Locomotives, especially
on passenger commuter
trains, often push as well as
pull their trains. The train has
a locomotive on one end and
a passenger car equipped
with an engineer’s cab and
duplicate controls on the
other end. It can be operated
from either end, so it doesn’t
have to be turned around to
make a return trip.

Stopping aTrain

A train stops by using an air brake system, which allows the
engineer to apply the brakes to all cars at once. An air com-
pressor fills a main air reservoir, located in the locomotive,
with compressed air. Then the air is piped through the brake
pipe, which is connected from the locomotive and car to car
by hoses. When the train is in motion, air passes through
control valves on the brake pipe to an auxiliary reservoir in
each car. When the engineer applies the brakes—releasing
air from the brake pipe—the valves move upward and let air
from the auxiliary reservoirs flow into the brake cylinders.
The cylinders then push against the pistons, forcing the brake
shoes against the wheel rims.

The engineer releases the brake by increasing the air
pressure in the brake pipe. That pushes the control valves
down, allowing the air in the brake cylinders to escape to the
outside through the valves. Then the pistons release the brake



The raibway air brake system bs ailsafe because any air loss, oither from manus!
release or an smergency such as & car becoming detached, sutomatically sppliss

3 Eeon ST TNI DI RRENISE
the braks
in zome slechic
HGR incomotives,
1S, an .
emporary  ihe electricity

current produced  genersted by
traction molars
forvsling s
fedbackinmthe
catenary oy thad
rail This iz oalfed

regensraiive

fraking
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At first, rail
passenger cars
were little more
than stagecoaches
on steel rails.
Today we still
refer to passenger
railcars—sven
highway buses—

as “coaches.”

Dallas Area Rapid Transit {DART) operates a light rail system
along 44 miles of rail and serves an average of more than 53,000
passengers weekly.

Railroad Classifications

Railroads in North America (including Canada and Mexico)
run on approximately 200,000 miles of track and are classified
by the route-miles on which they operate and on the amount
of revenue (for hauling freight} they generate within one year.
The nation’s largest freight haulers, with revenues of more

than $467 million per year, are classified as Class I railroads.
Although there are fewer than 10 Class I railroads, they own and
maintain more than 76 percent of the track on this continent.

Next are the smaller regional carriers, followed by the
short lines. These frequently handle Class I railroad trains once
they leave the main lines. Lastly, there are the terminal rail-
roads, which typically switch and shunt cars around rail yards
or in and out of factories and terminals.

Passenger railroads are classified by their ridership
{numbers of passengers) or by the regions they serve. They
operate by what is sometimes referred to as a fixed-guide
path, traveling along an established route.

RAILROADING
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Amtrak also
operates the Auto
Train from Lorton,
Virginia {south of
Washington, D.C.},
1o Sanford,
Florida. If you are
going on vacation,
you can bring
your vehicle,

too. For shorter
distances,

Amtrak provides
comfortable
coaches, often
with food

service cars.

26 RAILROADING

Intercity passenger trains connect major cities, with
stops in between at smaller towns. An example of such a
system is Amtrak, which operates rail lines in 45 states.

Commuter trains travel within a metropolitan region.
The Metropolitan Transportation Authority in New York serves
more than 1.3 billion riders annually in an area encompassing
New York City and surrounding counties.

Rapid transit (fast public transportation, also called heavy
rail or metro) serves passengers within and around the edges
of cities. They usually are configured as subways that run
on underground or elevated guideways. In Georgia, the
Metropolitan Atlanta Rapid Transit Authority (MARTA) operates
248 rail cars over 48 miles of track. San Francisco’s Bay Area
Rapid Transit (BART) system has a unique feature—an
underwater tube that links communities surrounding the San
Francisco Bay area. The largest system is New York City Transit,
which carries more than 4 million riders per day over more
than 700 miles of track and uses more than 6,000 cars.

Light rail transit systems—with their light rail vehicles
(LRVs), the modern version of trolley cars—are generally
powered by catenary and travel on smaller track. Buffalo, New
York’s Metrorail, which has 6.2 miles of track, is one such
example. In Oregon, the Metropolitan Area Express (MAX)
serves the greater Portland metropolitan area along more than
35 miles of track.

Monorail trains, also classified as rapid transit, are sus-
pended from an overhead track or set on a single rail. They
generally are used for short runs such as at airports or between
other close transportation points, in amusement parks, or at
other attractions.

America’s Passenger Rail Service

In 1971, the U.S. Congress created the National Railroad
Passenger Corporation—called Amtrak—to take over and
operate the nation’s intercity passenger rail service. This
national service was established to relieve the nation’s
private railroads of all passenger service, which had become
unprofitable because of competition from automobiles and
airplanes. Amtrak operates some commuter lines under
contract to local transportation authorities.



GE Genesis No. 88 was one of four commemorstive locomotives rebailt by Amirah
These trains crissorossed the United States from May 2011 to Moy 2012 for Amitnals
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provide the driving force for this “floating train™ by means

of what is called magnetic repulsion.
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conditions in
Japan, maglev
vehicies have
travelad as fast
as 375 miles

per hour.



Thersis one
signal that
anyone, including
members of the
public, can use
in an emergency
to communicate

with a railroad

3 RAERCADEC

train im?ﬁ{. Over the years ra
hand signals, flag signals, ﬂaa‘eﬁ, w%usﬁe sngm&s, Esgmed sxg&ml&
called block signals and interddocking signals, and telegraph,
telephone, telefax, radiophone, walkie-talkies, microwave
systems, cell telephones, and satellites. All employees involved
with train operations must learn the signal techniques defined
in their railroad’s operating rules book and carry the book
while at work.

Since the early days of railroading, train crew members
Emve med hand siﬁﬂaiw m z;iga% i?&sv si E&Eed wﬁh E;ghﬁed

in {’?5%%? ;fi’?i



SIGNALS

To improve train control, railroads divided the tracks
into sections called blocks. A block operator stationed at the
entrance to each block would allow one train into the section.
No other train could enter that block until the first train had
left. Block operators communicated by telegraph and telephone
to inform other operators of each train’s movement in and out
of the blocks. This way of separating trains by space was better
than separating them by time, but it still depended too much
on human intervention.

At junctions and terminals (called interlockings) where
trains may change tracks, interlocking signals give lighted
commands to the trains. Originally a worker in a signal tower
or a station building would set the routes and signal displays

RAILROADING 3



SIGNALS

to permit the trains to enter the interlocking area. Complex sets
of lighted signals with many aspects conveyed commands so
that the train engineer would know what speed was permitted
within the interlocking and what type of track change to expect.
With the invention of Centralized Traffic Control (CTC) in
1927, remote operators called dispatchers were able to control
interlockings by working with lighted track diagram panels
called CTC machines. Nowadays, dispatchers—hundreds or
even thousands of miles away from the actual track site—
control these interlockings with computer graphics displays.

- 2-block, 3-aspect signaling

- enter the block. As the train moves ahead
}the next block gives a lighted command {
~train indicating whether or not it may ent
~ permissive {GO) sig
- one of several perm
_permitted while the

32
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in this basic block layout, each signal is spaced a safe braking distance
apart based on the maximum permissible speed for that section of railroad.
The signals {1, 2, 3, and 4) can display three colors, called aspects, and are
defined as follows: Green means “proceed at up to maximum permissible
speed.” Yellow means "proceed at reduced speed; be prepared to stop at
next stgnal ” Red means “stop.”

In the 18?03, thanks to the mvantmn of the closedutrack cxmuft and
track relay, railroad emp!oyaes could' detect the presence of a tram
on the rails and know whether it was ocecupying a block. Later, in
1911, the railroads developed a system of electromechanical devices

-and circuitry called Absolute Permissive Block (APB) signaling. In this
~system, trains operate with full signal prote,-ct;cn based on aummatrc
train detection by the track circuits. s

With APB signaling, the trains themselves control the s&gnai
atrain enters a block, which is an electrical reuit, it shorts out thg
circuit and activates a STOP signal, which warns other trains not to
a signal at the entranc
a signal aspect) to tt
he signal displays a
ter, it also may sho!
he maximum spe
.k

ai owing the train to
ve signals that cor
train passes thmugh th
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A train cannot suddenly
steer its way out of trouble
ahead. The National Safety
Council calculates that a
loaded train of 100 or more
cars needs better than a mile
to stop—that is the length
of 18 football felds. So it is
your duty to stay out of the
train’s way

Look for signs warning
of rails ahead.

¢ Pavement marked with the
letters RXR and, often, a
stop line in advance of the
grade crossing.

e Circular yellow warning
signs that sav RR Xing.
Apply brakes while
waiting at the crossing.

# Crossbuck, a white
reflectorized X-shaped
sign that savs Railroad
Crossing. It has the same
meaning as a yield sign. A smaller sign
below the crossbuck indicates muitiple
sets of tracks.

# Diamond-shaped vellow sign with track
designation in the center means fo stop
15 feet back from the rails.

These signs are known as passive warning

devices because they are not mechanically

operated like gates and flashing lghts.

i you think that highwav-rail grade crossi
are not working, immediately call 9-1-1 an
the problem and location. Then contact the 1
at the toll-f ’
or cabinet at the crossing.
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Highway-rail grade crossing warming system

Busier railroad crossings reguire active
warning devices such as a crossbuck with alter-
nating flashing red lights, a bell, or lights and
bells in combination with gates that drop.

Dirivers can avoid accidents if they respect
the power and speed of trains. As trains
approach head-on, they appear (o be moving
slower than they really are. Surprisingly, many
train-car collisions are the result of an inatien-
tive driver plowing right into the side of 2 train
already across a highway. Know this: A collision
with a irain is 30 times more likelv (o resull in
death than a crash hetween {wo cars,

Railroad crossbuck
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Always Expect aTrain

You can’t rely on train schedules 1o determine when a2 frain
might cross a highway-rail intersection. Proceed through a
crossing only i you are sure vou can safely cross the tracks. If
your vehicle stalls or breaks down on a crossing, get evervone
out immediately, move away from the tracks, then call the
police 1o head off the next tzain.

Every vear, many people are killed because they walk or
play on of near the tracks. The railroad right-of-way is private
property. Of course vou may cross the tracks at a public grade
crossing, but then you must move on; otherwise, vou are
trespassing. The law is for vour protection.

L

SAFETY |1

e
L

Yikes! imagine

a 3,000-pound
vehicle crushing

g 1Z-ounce

soda canonthe
pavement. Thatis
what happens to

g car hit broadside

by a train.
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Don'tforgst The

track and active

warning signals

use electricity.
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BAHROADING

‘Today's trains are much guieter and move faster. Poy
aftention. As one train clears a crossing, another may soon
follow or come from the other divection on an adioining
frack. So, always proceed with caution,

Onboard a train vou should ohserve all posted safety rules
and ohey the conductor, whose word is “the law” on that wain.
Don't i1y to hop off or on a moving train. Don't lofter in
vestibules between cars or run through the train. Finally, do
not tamper with such emergency devices as emergency siop
cords, fire axes, fire extinguishers, first-aid kits, and flares.

Be considerate of other passengers by not leaving vowr
baggage in the aisle. Offer to do a Good Turn by helping
fellow travelers with their luggage if they appear to be having
difficulty, or by holding doors open.

Whether aboard a train or just crossing the tracks on
the way 1o a friend’s house, think “safety first” and vou will
always have a good Hrip.
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RAILFANNING

Railfanning

Many people believe there is no experience more exhilarating
than standing trackside and clicking a camera as a restored
steam locomotive rushes by, or flying down the rails on a
high-speed train. Railfans love the history of railroading, the
thrill of traveling “on the iron road,” or the fun of reading
the marks on freight trains. So visit a railroad museum, learn
about rail preservation, attend a prototype-train event, or take
a train trip and become a railfan yourself.

Planning a Rail Trip

The first question you need to ask when planning a rail trip is
Can I get to my departure point from here? If passenger trains
don’t stop in your town, you will have to make arrangements
to get o a station. Once you know
where your starting point is, you can
plan a destination point.
Consider these questions before
you finalize your trip itinerary:
e What is the purpose of the trip?
To ride an historic train?
Visit a particular city?
Photograph scenery?
* How much time do you have?
A day? A week?
® How much do you want to spend?
Food on board? Sleeper car?
e What kinds of trains depart
from your starting point?
Commuter? Intercity?

RAILROADING 41



RATLFARNING

Westhound and
southbound
trains carry
odd numbers;
eastbound and
northbound
trains carry

even numbers.

42 RAILROADING

Now you can shape your trip. You may buy vacation plan-
ners and local sightseeing guides, but you must get a railroad
timetable for the train you wish to take. You can pick one up
at the train station or print one from the Internet (with your
parent’s permission}. Or you can request one by mail. Study
the timetable carefully. It is full of information that you must
understand if you want to have a good trip.

From the timetable shown here you can see that Amtrak’s
Crescent, Train No. 19, makes a daily departure {Dp} from
New York, New York (designated “Mile 0”) at 2:50 p.m. Refer
to the key for “On Board Service” and you will discover that
reservations are required for coaches and sleeping cars, and
that food is available in the dining car and the lounge. You
will find more information under the “Symbol” column; the
timetable includes a key for symbols and reference marks.

A heavy arrow indicates that the train does not stop until
it reaches a station marked “{Ar}” for arrival. However, you
may see symbols to the left of the arrival times, which indicate
that passengers are allowed, under certain circumstances, to
board or debark at specific stations. So if you boarded the train
in Washington, D.C., your first opportunity to get off the train
is in Culpeper, Virginia.

Now that you know how to read a timetable and have
decided where to go, are you ready to buy a ticket? You can
make a reservation and purchase your ticket in person at the
train station, by telephone, or on the Internet {an adult must
do this for you).

Once on board, you will give your ticket to a conductor,
who will punch out your destination station on a seat check
and give that to you. Your name is not on the seat check, so
take it with you when you move about the train.

Notice that aﬂernacn and evening arrival and
departure times are listed in bold numbers, and
time zone changes also are indicated. If you rode
from NewYork to New Otleans, how many nights
would you spend aboard the train? .



TV AMTRAK®

Crescent

New York-Washington-Charlotte—
Atlanta-Birmingham-New Orleans
EFFECTIVE OCTOBER 27, 2013

19 - Train Number » 20
Daily -« Days of Operation p- Daily
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?% fz -2 On Board Service é
wite| ¥ Symbot | & | ReadlUp
250P] 0] Dp | NewYork, NY-PennSta.  (E1} | i W @] Ar | 201
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R435P] o1 Phi PA-30th St Sta. Ed#s D12 18P|
R 459P] 116 Wilmi DE e D11 554
R 558P] 155 ' imore, MD-Pena Sta, Hhe D11 03A]
225] Ar wmhmon, Eowe
R 710P Dp Wwwmmmm—memm D 950A
(I | VA BEe D 5 22A)
BO2P ﬁi* VA ) B31A
% §35P| 299 Culpeper, VA
927P 3371 A | Charlottesville, VA
32 Dp | % Wanenton, Dufles Alpart—soe oter sige
1050P| 398 K VA
11 §2P| 481 ’ Danvifie, VA
125BA] 12| Ar | Greensboro, NC
108A Op {Winston-Salem)
117A] 524 High Point, NC
157A} 550 "* Salisbury, NC
300A| 601} Ar | Charlotte, NC
330A Op
% 357A1 629 * ia, NC
459A| 678 Sp SC
589A] 708] Ar | Greenville, SC
5464 Op
6231 7391 B | Clemsen, SC
® 7 O0DA] 773 * Toccos, GA
7 43A1 B10| Gainesville, GA
858A] 858] Ar | Atlanta, GA EN
9184 Dp | 88 Mon .Mobée.
4 Wmmr&ﬁe
10 40A] 950 AL [h)
1224P 1083] A | Birmingham, AL
1244P Dp University)
152P 11076 Tuscaloosa, AL
333P 1175 idian, MS
EXEd 1233; Laurel, MS
5 00P 1260 Hatti [3
EXCEHEDE 36 S
% 6 zap 1042 ‘ Slidell, LA
TEEPISTY] Ar | Mew Orleans, LA Ty
¥ Baton Houge—seem side
Services on the Crescent
# Coaches: Reserveﬁem required.
& Slesping rst Class ner” standard, deluxe

and accessitée bedmoms First Class Servlce includes complimentary meals and
moming wake-up service with a newspaper, coffee, tea and orange juice. ClubAcela
is avaifable in Nsw York, Philadelphia and Washingtcs D.C. and private walting area
availgble in New Orleans for First Class Service passengess.
® Dining Car: Complate meals.
2 Lounge: Sandwiches, snacks and bsverages.
Trails and Rails ngram ina coope:aai;‘;e gfmﬂ with the National Park Servics, an
guide
Clgaratte ing Is portion of the lounge area.
At cenaln times of the day, as amcwmed by the train crew, the lounge area will be
RO No or dining cars.




RAILFANPMING

Remember that
your behavior
reflects on
yourself—and
all Scouts—so
be a courteous

traveler.

Remember to bring a map along so you can

figure out where you are and recognize prominent
geographical landmarks along the way. Amtrak
partners with the National Park Service for a .
“Trails and Rails” program. During certain months,
interpretative guides talk to the passengers about
the areas through which the g
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RAILFANNING

Railroad Expressions

lf you are a true ra:!fan, you will want to kncw the htst
,‘F the raxlmad ex ressmns use d todam .

Highball—A signal for a train to proceed. This tern
antique signal design that had a large ball on a r«
from the top of a pole by a pulley. When p
pole, the ball was an indication to proceed.

 Jerkwater town or one-jerk town—Insignifi
__ Often along main lines but where train ¢
the tower spout to top off locomotive ten

On the right track—Going the right way, fo
assumptions. This phrase comes from a tra
its assigned track.

Sidetrackedwbmtracted from the main sub;ect or
intended course. In razimadmg, it means a car m
track to an auxiliary track.
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Careers in Railroading

If you want to be a railroader, you can follow many career tracks.
1t is much like eptering a classification vard, with certain rails
leading to railroad operations, others to management, purchas-
ing, engineering specialties, even public relations and corporate
communications. Most Class I railroads have more than 100
classifications for positions including mechanic, signal and
communications worker, marketing and sales represeniative,
fawver, accountani, surveyor, track foreman, and station agent.
All are imporiant for the smooth operation of the railroad.

To work for the railroad, vou must be in good physical
shape and have a high school diploma {at the minimum,
although a college diploma is preferred]. You will have an edge
if vou have work experience in rafiroading or other related
fields of transporiation, mechanical talent, and the ability 1o
think straight in an emergency sHuation.

Railroad Organization

Railroad companies have five basic components.

1. Fixed plant—track, track bed, supporting structures ke
bridges and trestles

2. Rights-of-way—strips of land for track, stations, and
other buildings

3. Rolling stock—locomotives, freight cars and passenger
coaches, sleeper and dining cars, work trains, and track
inspection eguiprent

4, Financial structure—capital funds for the purchases of large
items as well as operating funds for dav-to-day expenses

5. Human resources—employees in the ranks of labor and
management who make if all work

All these different components give any individual who is
interested in the railroad industry a variety of career opportuni-
ties from which to choose.

CAREERS 1N RAILROADING

The Association
of American
Railroads
maintains a web
page that hosts
links to other
pages where
career information
can be found. Go
to www.aarorg/

about-us/careers.
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Model Railroading

Model railroading is an educational hobby whose popularity is
growing. Model railroad clubs exist worldwide and the number
of individuals operating their own model railroads is increasing.
Model railroads often have amazingly realistic scenery and
frequently these modeled scenes represent portions of actual
railroads. Many are now operated in the same way that real-
life railroads are run.

Your local model railroad clubs and hobby shops can help
you plan your layout. As you proceed, you may find that you
are more interested in operations, in building cars or structures,
in building scenery-—or all of these. Attend public train
shows in your area. Often, you will be able to buy secondhand
items and sometimes complete layouts to save money. Model
railroading has so many options that it is easy to learn about
those areas that interest you most.

Scales and Gauges

Scale, in model railroading, refers to the proportion of a model
as it relates to the size of the real object. For example, a 1:48
proportion means the model is 1/a8th the size of an actual train.
Scale may also be expressed as a length measurement on the
model (in fractional inches or millimeters) that represents one
foot of length on a life-size {or prototype]} train. While model
trains come in many scales and gauges {some are large enough

MODEL RAILROADING

You can begin as
a model railroader
with & small
layout. Expand it
as your time and
money permit. Be
patient and do
your best on each
model so that it
will give you a

lifetime of service.
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MODEL RAILROADING

Gaugeis the
distance
measured
between rails.
The terms scale
and gauge are

often confused.

Toy or “tinplate”
trains are not

true Va-inch scale
because they are
shortened to run
on sharp curves; a
tinplate passenger
car may be only

6 inches long.
Tinplate trains
also run on

three-rail track.

50 RAILROADING

to carry passengers!) the most common sizes are referred to as
No. 1 (G), 0, S, HO, N, and Z.

® The G scale, or No. 1, is the largest scale and is most often
used in garden or outdoor model railroads.

e The O scale dates back to the 1920s when mechanical
or windup toy trains were common. Each Ya-inch on an
O scale model represents one foot on a full-size train, so
the model for an 80-foot passenger car will be about
20 inches long.

® The S scale is about halfway between the O and HO scales.

¢ The HO scale is currently the choice of the majority of mod-
elers. This scale takes about half as much space as O scale.

® N scale equipment is made to accurate scale, yet its small
size takes only about half the space required for the HO
scale. Reducing the space requirement allows modelers to
use broader, more realistic-looking curves.

e The Z scale is the newest and smallest scale and was
made possible by the development of precision submin-
iature motors.

North America’s railroads operate on standard gauge track
with rails spaced 4', 8%2" apart. Some tourist railroads in
places such as scenic areas or at amusement parks operate
on narrow gauge rack with rails spaced only 3 feet apart.
Model railroaders add a letter “n” and the track gauge to the
scale name (On3, Sn3, or HOn3) when they refer to narrow
gauge models.

Scale and Gauge Chart

Name Scale Relationship Gauge
(In inches) (To actual size}  {In inches)

GMNo.y 375

- Va

0 250 /48
s 88 Ves
HO .138 1/87
N 075 1760
z 055 1/220




Layout Design
Planning a layout is a lot of fun, but you need to think about
how much space you have before you choose your scale.
Modelers build layouts in basements, attics, and garages. If you
s B v _,_! oot ’f - - =

1Y

@ . Point to point with
Out and back with "
TFwvo-track stub terminai stab tormingls
{or double-track] oval
cCo ) e—
Water wings Owal Point to loop
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MODEL RAILROADING

Scenery

Building scenery provides a setting for your trains. For a good
starting point, assemble a few of the simple plastic building
kits and set them in appropriate places on the benchwork. Use
a pencil to sketch in roads, rivers, and other landscape features.
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MODEL BATLROADING

You can create a rolling landscape by taping crumpled
newspapers, paper towels, or bags to the plywood. Dip strips
of paper toweling in soupy plaster and drape themn over the
newspapers in several layers. After the plaster sets, paint your
landscape and add details.

You can buy model trees, or you can make your own
from dried weeds, twigs, and fibers from old furnace or air
conditioner filters. For extra texture, use commercial products
such as ground-up foam rubber or dyed lichen.

Notice details in your neighborhood like signs, sheds,
people, telephone poles, and animals. Think about how adding
similar items to your scenery will make your layout come alive.
While you are looking around, pay attention to how nature has
weathered buildings, cars, fences, and equipment. If you want
your models to look more realistic, “weather” them yourself.
Tone down bright plastic buildings by spraying them with a
light coat of clear dull finish, or apply a wash of thinly diluted
India ink.

A good-looking layout doesn’t have to be big to be fun to build and operate.
This HO layout is built on a 4™-by-8' sheet of plywood.
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Benchwork plan

AODEL RAILROADING

2 SCREWS FROM
EITHER SIDE
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No screws should ever be driven down
through the top. See figure 7

Sometimes it's fun to build models of historic trains that ran in
the western mountains.
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Here is a layout built 1o look like #'s in the north woods, with
frees made out of weeds.

Roliing Stock

You can buy locomotives and rolling stock for vour ratlroad
“readv-to-run.” Or vou can buy kits, which come in various
levels of difficulty and detail, from easy-to-assemble with
simple details to difficult with elaborate features. Some people
like kit-bashing, or combining parts from two or more kits
{(along with items found around the house) to build

an item that is hard to find, unavailable, or original.
Kit-bashing allows you to use your imagination and take
advantage of premade parts.

You can build rolling stock from plans, parts, and
materials—a practice called scratch building. This requires
following well-detailed plans and studying prototype photos to
make the needed parts. Many model railroad magazines feature
such plans and make parts available for cars and locomotives.

RAILROADING

MODEL RAILROADING
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MODEL RAILRC

Because tinplate

trains operate on

AC current, they

use a fransformer

that has variable

speed control.
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Some modelers like to build urban structures to create
a cify scene.

Power and Control

For many years, two-rail scale layouts have been run by

DC (direct current} power packs plugged into a wall outlet.
Power packs include a transformer to reduce the 110-volt

AC {alternating current} house voltage to about 18 volts before
a rectifier in the circuit converts it to 12 volis DC. A rheostat
adds variable resistance to the circuit to control the voltage
(speed) while the DC polarity determines the train’s direction.
Many accessories operate on AC, so most power packs have
extra wiring terminals labeled for this purpose.

Digital Command Control {DCC) is a new system for
controlling two-rail layouts with simplified wiring. Each
tocomotive contains a decoder that can be linked to a specific
throttle control or cab through the system’s minicomputern.
Throttle settings and other commands from the cab are
broadcast as high-speed digital signals that travel through
the entire lavout. The locomotive's decoder responds onlyv o
signals from #s assigned cab o operaie the locomotive. Thus,
DCC allows many locomotives to operate under individual
control at the same time on a layout.



Care of Equipment

You may need to clean your eguipment occasionally. Use a
clean, dry paintbrush {o remove dust and any hair or lint that
is caught in the moving paris. Clean the track with a dry
abrasive block, which works better than applying cleaning

published by NMRA) for correct car weight based on car
length and scale.
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RESQURCES ABQUT RAILROADING

Resources About Railroading

Scouting Literature

Engineering and Model Design and
Building merit badge pamphlets

Books

Ambrose, Stephen E. Nothing Like It
in the World: The Men Who Bailt
the Transcontinental Railroad 1863
1869, Simon & Schuster, 2000.

Armstrong, John H. The Railroad: What
It Is, What It Does, The Introduction
to Railroading, 5th ed. Simmons-
Boardman Books, 2008.

Blumberg, Rhoda. Full Steam Ahead:
The Race to Build a Transcontinental
Railroad. National Geographic
Society, 1996.

Dyury, George H., and Bob Hayden.
Guide to Tourist Railroads and
Railroad Museums 2002,
37th ed. Kalmbach Publishing
Company, 2002,

Frary, Dave. How to Build Realistic
Model Railroad Scenery, 3rd ed.
Kalmbach Publishing Company, 2005.

Hubbard, Fresman. Encyclopedia of
North American Railroading: 150
Years of Railroading in the United
States and Canada. McGraw-Hill
Book Company, 1981,

Kelly, Jim, and Michael Emmerich.
HO Railroad From Start to Finish
{Model Railroad Handbook, No. 36}
Kalmbach Publishing Company, 1993,

Miller, Allan W, ed. Model Railroad
Resonrres: A Whereto-Find-Ir
Guide for the Hobbyist. Krause
Publications, 2000,

Schieicher, Robert. The HO Model
Railroading Handbook: Build
an Exciting HO Layout the Easy,
Inexpensive Way, 3rd ed. Krause
Publications, 1998.

Solomen, Brian. The Heritage of North
American Steam Railroads: From
the First Days of Steam Power to the
Present. Reader’s Digest, 2001.

Stover, John F. The Routledge Historical
Atlas of the American Railroads.
Routledge, 1999.

Vantuono, William C. Al Abowt
Railroading, 2nd ed. Simmons-
Boardman Books, 2006.
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RESOURCES ABOUT RAILRGADING

Magazines

Classic Trains

Kalmbach Publishing Company
P.O. Box 1612

Waukesha, WI 53187-1612
Toll-free telephone: 800-533-6644
Website: http://cir.trains.com

Model Railroad News
Telephone: 877-787-2467
Website:
www.modelrailroadnews.com

Model Railroader

Kalmbach Publishing Company
PO Box 1612

Wankesha, WI 53187-1612
Toli-free telephone: 800-533-6644
Website: htip://mrirains.com

Passenger Train Journal

Toll-free telephone: 877-787-2467
Website:
www.passengerirainjiournal.com

Railfan & Railroad

White River Productions
Toll-free telephone: 877-787-2467
Website: www.railfancom

Railroad Model Crafisman

White River Productions

Toli-free telephone: §77-787-2467
Website: www.rrmodelcraftsman.com

Railway Age

345 Hudson St.

New York, NY 10014

Website: www.railwayage.com

Trains

Kalmbach Publishing Company
P.O. Box 1612

Waukesha, WI 53187-1612
Toll-free telephone: 800-333-6644
Website: htip://irn.trains.com

82 RANROADING

Trains & Railroads of the Past
Toll-free telephone: 877-787-2467
‘Website: www.irpmagazine.com

Organizations and Websites
Amtrak

Toll-free telephone: 800-872-7245
Website: www.amtrak.com

Association of American Railroads
425 Third Street SW

Washington, DC 20024

Telephone: 202-639-2100

Website: www.aarorg

Federal Railroad Administration
1200 New Jersey Ave. SE
Washington, DC 20550

Website: www.fra.dot.gov

National Model Hailroad Association
P.O. Box 1328
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Telephone: 423-892-2846

Website: www.nmra.ong

National Railway Historical Society
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Telephone: 215-557-6606

Website: www.nrhs.com

Operation Lifesaver
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Washington, DC 20024

Toll-free telephone: 800-537-6224
Website: www.oli.org
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