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What Engineers Do
A steam-powered locomotive

Engineers solve problems . They solve problems about how to make 

something or how to fix things . Do you know an engineer? 

What does he or she do? 

Engineers Operate Systems
You have probably heard of the engineer that drives the train . What 

kinds of problems could an engineer solve in the driver’s seat of the 

train? We have to remember that old-

time trains were powered by steam . 

The train had a big wood or coal fire 

burning under a boiler . The boiler 

turned water into steam . The steam 

moved into big cylinders where the 

pressure of the steam pushed a piston 

back and forth . The piston provided 

the force to turn the wheels . 
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The steam locomotive system was very complex . The fire had to be 

maintained at a steady temperature . The steam had to be delivered to 

the cylinders at just the right pressure . All the mechanical parts and 

connections in the system had to operate precisely for the train to 

keep chugging along . A moving train presented many opportunities 

for problems . It was essential to have an engineer there to solve 

problems while the train was moving . 

Modern trains have huge diesel engines . The diesel engines do not, 

however, turn the wheels . The diesel engines turn generators . The 

electricity generated on the train powers electric motors connected 

to the wheels . The electric motors make the train go . The train you 

see rumbling down the tracks is actually a giant electric train . 

A diesel locomotive is still a very complex system . It requires 

a skilled problem solver to keep the train moving properly . The 

engineer no longer attends to fire temperature or steam pressure . 

Instead the train engineer monitors the operation of the diesel 

engine and the electric power coming from the generators . The 

engineer monitors the signal systems that keep the train safe . In 

addition, the engineer watches other parts of the train system, such 

as stations, railroad crossings, and track condition . 

A diesel-powered locomotive
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Engineers Design and Improve Systems
Another type of engineer is someone who helps to design or 

improve systems . Engineers work on all types of systems, including 

transportation systems . There were engineers who designed the 

first diesel locomotive . Like other engineers, they set out to solve a 

problem . The traditional steam locomotive was dangerous and dirty 

to operate . Burning coal produced a lot of dirty, dark smoke . The 

boiler might explode if it got overheated . The rail industry needed  

a new way to power the locomotives that pulled the long trains full  

of passengers and freight . 

The famous inventor and engineer Thomas Edison 

(1847–1931) led a team of engineers at General 

Electric . This team built their first electric locomotive 

prototype in 1895 . There were many advances in 

engineering during the next 40 years . The Burlington 

and Union Pacific Railroads began using diesel 

“streamliners” to transport passengers in 1934 . Diesel-

electric railroad locomotion soon became widespread 

in the United States .

Today, engineers are designing new technologies to 

improve train transportation . These technologies 

are solving problems such as traction on the rails, 

braking time, and energy efficiency . Some trains are 

powered only by electricity (no diesel engines) . Some 

designs even make levitating trains glide on air . Some 

engineers are designing “moving platforms” that dock 

with high-speed trains .

Thomas Edison 
was a famous 
engineer and 
inventor.

A maglev train 
uses magnetic 
fields to lift and 
drive the train.
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Engineering Design Practices
When faced with a problem, engineers first define the problem 

carefully . They decide what might make a good design to solve a 

problem . The characteristics of a good design are the criteria for a 

solution . Here is what the criteria for a solution to the locomotive 

problem might include .

•  Powerful enough to pull a long line of train cars

•  Running on an easy-to-use fuel that doesn’t cost too much

•   Operating on rail systems in place now

The engineers must also consider limits on the solution . The limits 

are the constraints placed on the solution design . Here is what the 

constraints placed on the locomotive problem might include .

•  Made of materials that are easy to get

•  Not too expensive to manufacture

•   Designed and produced in a short amount of time

•  Safe for operators, passengers, and the environment

These engineers are designing a robot.
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An engineer designed parachutes.

The first step to solve an engineering problem is for a team of 

engineers to understand the criteria and constraints . The criteria and 

constraints frame a solution to a problem . Next the engineers spend 

time developing a plan for the design of a solution . Once they agree 

on a plan, they assemble the materials and tools . Then they build a 

prototype . Once the prototype is built, they test it to see if it meets 

the criteria of a good solution . If the solution performs well, that is 

great . If the solution fails to measure up to the criteria, the team goes 

back to the original plan . They revise the plan to correct the parts of 

the design that didn’t work . At the same time, they make sure that 

they honored the constraints . Is the solution cost-effective? Are all of 

the materials easily available? Is it safe and easy to operate?

Think about the engineer who designed the first parachute . The 

problem was how to get objects and people from airplanes gently 

but quickly to the ground . He had an idea and developed a plan . He 

made a prototype parachute . He tested it by dropping it from various 

heights with different masses attached . 
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Think about the criteria for a successful solution to this problem of 

delivering objects and people from airplanes . The first test with bags 

of sand or potatoes was successful, and the design was judged to be 

good . Then someone had to put the new design to the ultimate test . 

Someone had to jump out of an airplane 1,000 meters (m) or more 

up in the air, using the parachute . That’s one instance where the first 

user has to be pretty sure all the mistakes have been corrected . 

Elements of the Engineering Design Process
Let’s review the elements of the engineering design process .

1. Understand the problem thoroughly .

2.  Carefully define the criteria and constraints placed on a solution .

3. Devise a plan for a solution .

4. Build the planned solution .

5. Test the solution and evaluate its performance .

6.  Return to the planning phase and revise the plan, based on data

from the test .

7.  Repeat Steps 4–6 until the solution satisfies the criteria and

constraints .

8. Obtain a patent and go into production .

Engineers 
thoroughly test 
their designs 
before putting 
them into 
production.

27For use with FOSS Grade 3 Test Drive Kits. 
Can be duplicated for classroom use.



How Many Kinds of Engineers Are There? 
There are many different problems to solve . Every kind of problem 

is the specialty of a different kind of engineer . Here are some 

different kinds of engineers and what they do .

Architectural Engineers
Architectural engineers design buildings 

and structures such as homes, hospitals, 

skyscrapers, warehouses, towers, and 

stadiums .

Architectural engineers use blueprints 
to help them design a project.

Aerospace Engineers
Aerospace engineers design airplanes, 

rockets, satellites, space stations, and 

space shuttles .

The International Space Station 
that orbits Earth was designed by 
aerospace engineers. 

Electrical Engineers
Electrical engineers design electric 

circuits that perform all kinds of electronic 

wonders . Their designs create cell phones, 

digital cameras, computers, televisions, and 

lighting systems .

The electronic components of a 
computer are designed and built 
by electrical engineers.
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Chemical Engineers
Chemical engineers design new materials 

for use by people in many different ways . 

They design fabrics, medicines, lubricants, 

and fuels .

Chemical engineers design and test 
new products in a laboratory.

Biomedical Engineers
Biomedical engineers design new 

replacement parts, such as prosthetics,  

for people . They design instruments 

for monitoring a person’s health, and 

new lifesaving devices . They also design 

processes or therapies to help sick  

people get healthy .

Designing artificial limbs, or 
prostheses, is one way biomedical 
engineers help to improve a person’s 
health and wellness.

Mechanical Engineers
Mechanical engineers design machinery 

such as locomotives, cars, and motorcycles . 

They design smaller machines like printing 

presses, dental drills, electric toothbrushes, 

chain saws, braking systems for bicycles, 

and just about every other designed system 

that has moving parts .

Large and complex machines are 
developed by mechanical engineers.
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Computer Engineers
Computer engineers design computing 

systems, including both the hardware and 

software components in computers and 

tablets . They design controller systems 

for cars, GPS systems for navigation, and 

cellular telephone systems .

Computer engineers design computer 
hardware and software. 

Traffic Engineers
Traffic engineers design systems for the 

efficient movement of vehicles and people . 

They design roadways and rail systems, 

and smaller escalators to move humans 

through airport terminals and sports 

stadiums . These engineers manage aircraft 

from take off to landing, and design and 

manage shipping through river systems .

Air traffic control is managed by 
traffic engineers to make sure  
aircraft take off and land safely. 

Acoustical Engineers
Acoustical engineers design the interior 

space and surface materials of theaters, 

concert halls, and recording studios .

Acoustical engineers observe the 
sound and vibration in a recording 
studio. 
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Nautical Engineers
Nautical engineers focus on the design 

of water vehicles, such as boats, military 

ships, cruise ships, and submarines . They 

also design docking facilities and safety 

equipment . They develop standards for 

use of equipment at sea .

Nautical engineers design and build 
large ships. 

Civil Engineers
Civil engineers design the support 

systems of people living in communities . 

They design water-delivery systems and 

sewage systems . They design highway 

systems, bridges, dams, levees, canals, 

and tunnels . They also design public 

utilities systems that provide electricity 

and natural gas .

Civil engineers often survey 
construction sites.
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Science Practices

Scientists ask questions and communicate 
information. Are you a scientist?

32

1.  Asking questions. Scientists ask questions to guide their

investigations . This helps them learn more about how the world

works .

2.  Developing and using models. Scientists develop models to

represent how things work and to test their explanations .

3.  Planning and carrying out investigations. Scientists plan

and conduct investigations in the field and in laboratories . Their

goal is to collect data that test their explanations .

4.  Analyzing and interpreting data. Patterns and trends in

data are not always obvious . Scientists make tables and graphs . 

They use statistical analysis to look for patterns .

5.  Using mathematics and computational thinking.
Scientists measure physical properties . They use computation

and math to analyze data . They use mathematics to construct

simulations, solve equations, and represent different variables .

6.  Constructing explanations. Scientists construct explanations

based on observations and data . An explanation becomes an

accepted theory when there are many pieces of evidence to

support it .

7.  Engaging in argument from evidence.
Scientists use argumentation to listen

to, compare, and evaluate all possible

explanations . Then they decide which best

explains natural phenomena .

8.  Obtaining, evaluating, and
communicating information. Scientists

must be able to communicate clearly . They

must evaluate others’ ideas . They must

convince others to agree with their theories .
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1.  Defining problems. Engineers ask questions to make sure

they understand problems they are trying to solve . They need to

understand the constraints that are placed on their designs .

2.  Developing and using models. Engineers develop and use

models to represent systems they are designing . Then they test

their models before building the actual object or structure .

3.  Planning and carrying out investigations. Engineers plan

and conduct investigations . They need to make sure that their

designed systems are durable, effective, and efficient .

4.  Analyzing and interpreting data. Engineers collect and

analyze data when they test their designs . They compare different

solutions . They use the data to make sure that they match the

given criteria and constraints .

5.  Using mathematics and computational thinking.
Engineers measure physical properties . They use computation

and math to analyze data . They use mathematics to construct

simulations, solve equations, and represent different variables .

6.  Designing solutions. Engineers find solutions . They

propose solutions based on desired function, cost, safety,

how good it looks, and meeting legal requirements .

7.  Engaging in argument from evidence.
Engineers use argumentation to listen to,

compare, and evaluate all possible ideas

and methods to solve a problem .

8.  Obtaining, evaluating, and communicating
information. Engineers must be able to

communicate clearly . They must evaluate other’s

ideas . They must convince others of the merits of

their designs .

Engineering Practices

Engineers use models.
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Soap Box Derby
Have you heard about the Soap Box Derby? It is an organized 

race competition for young people . Boys and girls between 

the ages of 10 and 17 can compete for fun and prizes . The 

race cars are homemade . They must all use the same power supply 

to put them in motion, so the race is very fair . The derby cars have 

no motors . Soap Box Derby cars are gravity racers . The cars race 

downhill, and the force of gravity pulls the cars down the track . 

Why is the race called the Soap Box Derby? 

In the beginning, derby racers were made 

from anything that was available . Often the 

main body of the racer was made from a 

packing crate or shipping box . Wooden soap 

boxes and orange crates were popular bodies 

for a racer . The designers had to scrounge 

around to find wheels and axles to fit  

the racer . 
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Starting in the 1930s, the derby racers began to set standards . 

Today, races are conducted in four categories or divisions . The 

Stock Division is for boys and girls 7 to 13 years old . Racers in this 

division have to be built from a kit of standard components . 

The Super Stock Division is for boys and girls 10 to 17 years 

old . Racers in this division use the same basic components as 

the Stock Division . But the cars can be modified to show a little 

individuality .

The Masters Division is for boys and girls 10 to 17 years old, 

also . Racers in this division use the standard wheels . However, the 

racers are allowed to express their creativity and design skills . 

The fourth category is the Ultimate Speed Challenge . In this 

race, the goal is not to beat the other racers head-to-head . Rather, 

the racers need to beat the clock . The prize is awarded to the 

fastest racer . The competition is to see whose car can roll down the 

301-meter (m) track in the shortest time . 

Three racers in the 2010 Ultimate Speed Challenge
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The first Ultimate Speed Challenge was 

held in 2004 . Race car designers could 

modify their cars with custom wheels and 

tires . They could add wheel fenders and use 

streamlined body design . A car designed 

and built by the Pearson family was driven 

to victory by Alicia Kimball . She made the run down the official 

track in Akron, Ohio, in 27 .190 seconds . The table shows the names 

of the winners since 2004 and their winning times .

Study the table . What pattern do you see? 

How do you think the race organizers set up the races to make sure 

they identify the fastest racer? You know from your experiment with 

rolling carts in class that position on the ramp is very important . 

The official track in Akron, Ohio is 301 m from start to finish line . 

The track has a carefully designed starting mechanism that holds the 

race car on the slope . When the starter pushes the switch to release 

the car, it also starts an electronic timer . The car is pulled down the 

slope by gravity all the way to the finish line . When the car crosses 

the finish line, it signals the timing system . The timing system 

records the length of time to the nearest 1,000th of a second . 

Year Winner/driver Winning time 
(seconds)

2004 Alicia Kimball 27.190

2005 Niki Henry 26.953

2006 Jenny Rodway 26.934

2007 Lynelle McClellan 27.160

2008 Krista Osborne 27.009

2009 Jamie Berndt 26.924

2010 Sheri Lazowski 26.844

2011 Sheri Lazowski 26.585

2012 Laura Overmyer 26.655

2013 Anne Taylor 26.929
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Once the time is recorded, the next car is ready to race . The timer 

is reset . Race car number 2 goes rolling down the track . The cars all 

start from the same exact location on the ramp . They are released in 

exactly the same way . The timer starts at exactly the moment the car 

is released . The factors of release position, release method, elapsed 

time, and track surface conditions are controlled to be exactly the 

same for every competing car . 

So what makes one car get down the hill a 

little faster than all the others? The car that 

wins is the one designed to minimize friction . 

Friction is the force that works against gravity to 

slow the car down . The other important factor 

is the skill of the driver . A driver who guides the 

car the straightest will go a little faster than a 

driver who has to steer back and forth to stay in 

the center of the track .

Soap Box Derby racing is a good example of how science and 

engineering work together . The scientist understands how friction 

and gravity work together as the car rolls down the slope . And the 

engineer understands that success means solving the problem of 

reducing the friction that slows the car as it rolls down the slope .  
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The metric system is an easy system of measurement to use . Can 

you count by tens? Can you multiply and divide by tens? Then 

you can use the metric system .

Measurement systems based on multiples of ten were proposed 

many times in history . In 1793, people in France created the metric 

system . The French based this system on a unit they called the  

meter (m) . Meter comes from the Greek word metron, which means 

measure .

How did the French set the 

size of the meter? They made the 

meter one ten-millionth of the 

distance from the North Pole to 

the equator . They wanted the 

meter to be based on a unit that 

would never change . Today the 

meter is based on how far light 

travels in a fraction of a second .

The meter was used to create 

other metric units . The unit of 

mass is the gram (g) . All matter 

has mass . The unit of volume is  
the liter (L) . All matter takes 

up space and has volume .

Metric Prefixes
All metric units are based 

on the meter . The prefix 

can help you tell how 

big a metric unit is . The 

prefix is the part of the 

word that comes first .

The Metric System

millimeter  =  0.001 meter (one thousandth) 

centimeter  =  0.01 meter (one hundredth) 

decimeter  = 0.1 meter (one tenth) 

meter  = 1.0 meter 

dekameter  = 10.0 meters 

hectometer  = 100.0 meters

kilometer  =  1,000.0 meters

North Pole

Equator

10,000,000 
meters
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10 cm

10 cm

10 cm

Scientists use the metric system every day.

The metric system slowly caught on around  

the world . Seventeen countries signed the Treaty  

of the Meter in 1875 . This treaty created the 

International Bureau of Weights and Measures . The 

bureau adopted the metric system as the worldwide 

standard of measurement . Today the metric system  

is the standard everywhere in the world .

But the metric system is not the standard in 

the United States . It is the only major country  

in the world that does not 

use the metric system as its 

official measuring system . 

But even in the United States, 

the metric system is used in 

many areas . It is used in most 

scientific fields . It is used in 

many sports and recreational 

activities . And one day, the 

metric system might be used 

for everyday measurement  

in your home .

Length, Mass, and Volume
The meter is used to define the basic units of mass 

and volume in the metric system . Here’s how .

Mass The basic unit of mass in the metric system 

is the gram .

One cubic centimeter of water has a mass of 1 gram .

Volume The basic unit of volume in the metric 

system is the liter .

A 10-centimeter cube has a volume of 1 liter .

 1 cm
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Scientists gather data to answer questions about the natural 

and designed world . Engineers design and test solutions to 

problems . Engineers base their work on the work of scientists . 

And scientists need engineers to develop tools and methods to 

answer questions . 

Here’s an example of students working as both scientists and 

engineers . Some students were designing rolling carts and sending 

them down ramps . Team Thunder’s cart went down the ramp and 

then rolled 2 meters (m) across the floor . Team Glider made a cart 

that was much like the Thunder cart . However, the Glider cart rolled 

only 1 .6 m after it went down the ramp . 

The Glider team wanted to know why their cart didn’t roll as far 

as the Thunder cart . They asked the Thunder team if they would 

roll the Glider cart down the Thunder ramp . When the Glider cart 

was released on the Thunder ramp, it rolled 2 m across the floor . 

The Glider team wanted to know how to get their cart to roll 2 m on 

their own ramp . They decided to conduct some experiments .

How Engineers and 
Scientists Work Together
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The Glider team made a list 

of the things that might affect 

the rolling distance . They 

thought the ramp is what made 

the difference . Here are the 

factors they identified .

•  The starting position on

the ramp

•  The slope (steepness) of the ramp

The team came up with this design for an experiment . 

1 .  Repeat the original cart run . Start the cart from exactly the 

same position used before [10 centimeters (cm)] . Measure the roll 

distance .

2 .  Move the starting position 5 cm higher on the ramp (15 cm) . 

Release the cart . Measure the roll distance . 

3 .  Move the starting position another 5 cm higher on the ramp 

(20 cm) . Release the cart . Measure the roll distance .

The team conducted the experiment . They found that the release 

position affected the roll distance . The higher the release position, 

the farther the cart rolled across the floor . These are the data they 

recorded . 

The team analyzed their data to look for patterns . The starting-

position data provided evidence to support their claim . Their claim  

was that the higher a cart starts on a ramp, the farther it rolls across 

the floor .

The team of students went on to design a second experiment to 

investigate the factor of ramp slope . How do you think they designed 

their experiment? What do you think they discovered?

Release position (cm) Distance rolled (m)

10 1.5

15 1.9

20 2.2
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