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The Engineering Design Process
Engineers are people who use scientific and technological
knowledge to solve practical problems. To design new products,
engineers usually follow the process described here, even though
they may not follow these steps in the same order each time.

Identify a Need
Before engineers begin designing a new product, they must first
identify the need they are trying to meet or the problem they want
to solve. For example, suppose you are a member of a design team
in a company that makes model cars. Your team has identified a
need: a model car that is inexpensive and easy to assemble.

Research the Problem
Engineers often begin by gathering information that will help them
with their new design. This research may include finding articles
in books, in journals, or on the Internet. It may also involve
talking to other engineers who have solved similar problems.
Engineers often perform experiments related to the product
they want to design.
For your model car, you could look at cars that are
similar to the one you want to design. You might do
research on the Internet. You could also test some materials
to see whether they will work well in a model car.

Design a Solution
Brainstorm Ideas When engineers design
new products, they usually work in teams. Design
teams often hold brainstorming meetings in
which any team member can contribute ideas.
Brainstorming is a creative process in which one
team member’s suggestions often spark ideas in
other group members. Brainstorming can lead to
new approaches to solving a design problem.
Document the Process As the design team
works, its members document, or keep a record
of, the process. Having access to documentation
enables others to repeat, or replicate, the process
in the future. Design teams document their
research sources, ideas, lists of materials, and
so on because any part of the process may be a
helpful resource later.

Identify Constraints During brainstorming, a
design team may come up with several possible
designs. To better focus their ideas, team members
consider constraints. A constraint is a factor that
limits a product design. Physical characteristics,
such as the properties of materials used to make
your model car, are constraints. Money and time
are also constraints. If the materials in a product
cost a lot or if the product takes a long time to
make, the design may be impractical.
Make Trade-offs Design teams usually need to
make trade-offs. In a trade-off, engineers give
up one benefit of a proposed design in order to
obtain another. In designing your model car, you
might have to make trade-offs. For example, you
might decide to give up the benefit of sturdiness
in order to obtain the benefit of lower cost.
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Select a Solution After considering the constraints and
trade-offs of the possible designs, engineers then select
one idea to develop further. That idea represents the solution
that the team thinks best meets the need or solves the
problem that was identified at the beginning of the process.
The decision includes selecting the materials that will be
used in the first attempt to build a product.

Build, Test, and Evaluate a Prototype
Once the team has chosen a design plan, the engineers build
a prototype. A prototype is a working model used to test a
design. Engineers evaluate the prototype to see whether it
meets the goal. They must determine whether it works well, is
easy to operate, is safe to use, and holds up to repeated use.
Part of the evaluation includes collecting data in the form
of measurements. For example, think of your model car.
Once you decide how to build your prototype, what would
you want to know about it? You might want to measure how
much baggage it could carry or how its shape affects its
speed.

Communicate the Solution
A team needs to communicate the final design to the people
who will manufacture and use the product. To do this, teams
may use sketches, detailed drawings, computer simulations,
and written descriptions. The team may also present the
evidence that was collected when the prototype was tested.
This evidence may include mathematical representations, such
as graphs and data tables, that support the choice for the
final design.

Troubleshoot and Redesign
Few prototypes work perfectly, which is why they need to
be tested. Once a design team has tested a prototype, the
members analyze the results and identify any problems. The
team then tries to troubleshoot, or fix, the design problems.
Troubleshooting allows the team to redesign the prototype to
improve on how well the solution meets the need.
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Science, Technology, Engineering, and Math
In your school, you probably have separate math, science, social studies, and English classes. Does
that mean that you’ll never use English in your math class or knowledge of geography in your science
class? No! It turns out that the knowledge and skills you learn in one class or subject area will help you
in other areas as well. This is especially true in the areas of STEM: Science, Technology, Engineering,
and Math.
Science tries to understand the natural world and discover new knowledge. Engineers then use that
knowledge to create solutions to problems through the development or use of technologies. Technology,
engineering, and even math all work with science to expand our knowledge of the world around us.

Math is the operations and processes
involved in the solution of a problem
or study of some scientific field.
Science is a way of learning
about the natural world
through observations and
logical reasoning.

Engineering is the application
of science to satisfy society’s
needs or solve problems.

Science

Math

Engineering

Technology

Technology is how people modify the
world around them to meet their
needs or to solve practical problems.
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Scientific Inquiry Process and
Engineering Design Process
Scientists and engineers use similar structured processes to do their work. These processes allow the
scientists and engineers to work through questions or problems. Even if you’re not a scientist or an
engineer, these processes might help you answer a question or solve a problem!
Scientific Inquiry Process

Engineering Design Process

Pose
question

Hypothesis

Brainstorm solutions

Redesign
prototype

New
experiment
New
observation

Evaluate
solution

Experiment

Design and
build prototype

Data analysis
and conclusions

Test
prototype

Hypothesis not supported

Test new
prototype

and redesig
luate
n
Eva

and redesig
luate
n
Eva

New
hypothesis

Identify
problem

Prototype flawed
Communicate
successful solution

Communicate
final hypothesis
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Introduction

Introduction to
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A 7.2 magnitude earthquake in 1995
destroyed this expressway in Kobe, Japan.
The earthquake destroyed thousands of
buildings and killed people.

Did you know that the Earth can feel
stress? No, not because it has too much
homework and a test tomorrow, but
because the deep layers of the Earth are
constantly in motion. While you may
relieve your stress by going for a run or
playing video games, when the Earth
releases its stress, an earthquake occurs.
Everyday, there is a 100% chance that
an earthquake will hit somewhere in the
world. It may be so small that it can only
be detected by sensitive equipment, or
it may be large enough to cause major
damage. You see the images on the news
when a destructive earthquake hits, but
what happens after the quake.

Take It Further
Go to the U.S. Geological Survey
website at www.usgs.gov and click on
Real-Time Earthquakes: Worldwide and
the United States. Using these maps, find
the number of earthquakes that have
occurred in your community. Then identify
which areas in the world had the most
activity. Compare your location to these
areas and explain why you think certain
areas had more activity.
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An earthquake hits every day somewhere
in the world, but scientists are unable to
predict when or where one will strike.
Nor can they predict the strength of the
quake and the damage it will cause.
So, scientists, roboticists, and engineers
focus on what to do after an earthquake.
Roboticists use math, science, and
engineering to develop and perfect various
types of robots. Rescue robots can enter
areas devastated by earthquakes.
These areas are often too dangerous for
humans or rescue dogs to enter. They are
unstable and may be polluted with
chemicals or radiation. Robots that slither,
slide, or crawl into the rubble can help
rescue teams assess damage from afar.
These robots can locate survivors, using
heat and color sensing technology. They
gather information about the area. The first
use of robot rescuers in the U.S. came after

the tragedy of 9/11. A group of
roboticists, led by Dr. Robin Murphy,
was invited to New York after the
disaster. Today, Dr. Murphy runs
“Roboticists Without Borders” at Texas
A&M University. Together with other
groups, Roboticists Without Borders sends
robots to aid rescue efforts worldwide.

Take It Further

Rescue robots have been used following
major disasters, such as 9/11, Hurricane
Katrina, and the 2011 earthquake in
Japan. Use the Internet to research
universities, such as Texas A&M,
government agencies, and companies
that are developing and testing rescue
robots. Find out what skills and education
are needed for a career in robotics.
Then use this information to write a job
advertisement seeking a roboticist.

STEM Connection: Engineering Career

Rescue Robots

After an earthquake, rescue
robots can move through the
rubble that would be unsafe for
people or animals. Robots can
get into tiny spaces and search
for survivors or send information
about the damage to rescuers.

ixE
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STEM Connection: Technology

Robots with Personality
Imagine you have just survived an
earthquake and are trapped beneath a
pile of rubble. It is dark, the air is filled with
dust, and you can’t hear anything from the
outside world. Suddenly bright lights blind
you and a black robot approaches you. Its
voice is loud and it invades your personal
space. You don’t know how to respond to
this creepy figure. How do you think you
would feel? Scared? Angry? Frustrated?
These are the emotions roboticists at Texas
A&M’s Center for Robot-Assisted Search
and Rescue want to ease. For victims of
disasters, a rescue robot may be the
only link to the outside world. To take the
“creepy” out of rescue robots, roboticists
are working to create a friendlier version
of the rescue robot called the “Survivor
Buddy.” An animator from Pixar® is
helping to design movements that will

be more calming to survivors. Two-way
video and Web-streaming will help reduce
anxiety and aid in rescue efforts. This new
technology is designed to help victims
remain calm, allowing human rescuers
to better do their jobs.

Take It Further

Research photos online of different rescue
robots, such as the Urban Search and
Rescue Robot (USAR). For ideas, you may
also want to research Pixar to see some of
their “human-like” animated objects. Then,
working with a team, give the rescue robot
you choose a personality makeover. Think
about colors and human attributes that are
calming, such as a pleasant voice or a
friendly smile. The goal of your design is to
get the “creepy” out of a rescue robot.

The Survivor Buddy allows survivors trapped beneath rubble
to communicate with rescue workers on the ground. It can
also stream radio and television to help victims remain calm.
Dr. Murphy worked with sociologists to give Survivor Buddy
behaviors that will be sympathetic and human-like.

xE

STM12_ANC68_BFE_FM.indd 10

18/08/11 5:35 PM

Name

Date

Class

Quick Lab
How Do Seismic Waves Travel Through Earth?
An earthquake results from the movement of rock beneath Earth’s surface and releases tremendous
amounts of stored energy. Some of this energy travels as seismic waves through Earth’s interior and
across its surface.
Inquiry Focus Observe
Materials Spring toy

Procedure
1. With a partner, experiment with the spring toy to see how many different types of wave motions
you can produce. Stretch the spring toy across the floor while your partner holds the other end.
Do not overstretch. Then try making wave motions.
2. Gather together about four coils of the spring toy, and then release them at the same time. Observe
the direction in which the coils move.
3. Once the coils have stopped moving, jerk one end of the toy from side to side once. Be sure your
partner has a secure grip on the other end. Observe the direction in which the coils move.
Think It Over
4. Describe the wave motions you observed in Steps 2 and 3.

5. Predict what the two different waves might feel like if you were standing on Earth’s surface
above them.
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Vocabulary Practice
Use your textbook or a dictionary to define the science, technology, engineering, and math terms in the
chart below. Complete the chart by writing a strategy to help you remember the meaning of each term.
One has been done for you.
Term

Definition

How I’m going to remember the meaning

stress

a force that acts on a
rock to change its shape or
volume

When I squeeze a water balloon and it
changes shape, I have applied a stress.

tension

fault

focus

epicenter

seismic wave

magnitude

seismograph

engineer

ratio
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Ratios and Proportions Making a Scale Diagram
A scale is the ratio of the measurements in a drawing
to the actual measurements of the objects drawn. A
scale diagram is a drawing made so that distances in the
drawing are proportional to actual distances.
Example 1 Use the scale diagram below to find the
actual length of the room.

Step 1 Measure the length in centimeters. The room is
5 cm long in the diagram.
Step 2 Write the ratio of the length in the drawing to
the actual length ℓ.

HOW You Will Use this

Skill in Science

• Mapping Earth
• Reading Maps
• Building Models
• Drawing Diagrams

window

window

5 cm
ℓm

Step 3 Write a proportion relating the ratio to the scale.
Then solve for ℓ.
5 cm = 1 cm
ℓm
1m

Scale: 1 cm : 1 m

ℓ = 5 m, so the actual length of the room is 5 m.
Example 2

actual distance.

A scale in a diagram is 4 cm : 10 m. If the distance in the diagram is 9 cm, find the

Step 1 Write a proportion. Let the actual distance be d.
10 m
dm
4 cm = 9 cm

Step 2 Cross-multiply. Cancel units.
10 m × 9 cm = 4 cm × d m
10 m × 9 cm
=dm
4 cm

So, d = 22.5 m.

TRY IT YOURSELF!
Use a centimeter ruler and the scale diagram above.
1. Find the width of the room.

2. Find the distance between the windows.

3. A scale diagram of a building is 2 cm : 10 m. If the length in the diagram is 3.5 cm, what is the
actual length of the building?

3E
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Ratios and Proportions Mapping Earth
A map scale is a ratio that compares a distance on the map to the actual distance on Earth’s
surface. For example, 1 cm : 10 km means that 1 cm on the map equals 10 km on the ground.
You can also use actual distances to make a map scale.
Sample Problem: The scale on a highway map is 2 cm : 5 km. The distance between two cities is 17 cm
on the map. What is the actual distance between the cities?
1. Read and Understand
What information is given? (the map scale, 2 cm : 5 km, and the distance between the cities on the
map, 17 cm)
What are you asked to find? (the actual distance in kilometers between the cities)
2. Plan and Solve
Write the map scale as a ratio.

5 km
2 cm

Let d be the actual distance.
Write a proportion.

d km
5 km
17 cm = 2 cm

Cross-multiply.

d km × 2 cm = 5 km × 17 cm

Solve for d. Cancel units.

d km =

5 km × 17 cm
2 cm

d = 42.5 km

So, the actual distance between the two cities is 43 km.
3. Look Back and Check
Is the answer reasonable? (Yes; substituting d = 42.5 km into the proportion makes the crossproducts equal. The actual distance is rounded to 2 significant figures.)
TRY IT YOURSELF!
1. The scale on a trail map is 0.5 cm : 1 km. The straight distance between 2 huts on the trail is
16.9 cm. What is the actual distance?
2. The scale on an aerial photograph is 1 cm : 2.5 km. The length of a lake is 2.7 cm on the
photograph. What is the actual length of the lake?
3. The scale on a highway map is 5 cm : 50 km. Suppose you know that the actual distance between
two towns is 240 km. On the map, the distance is 12 cm. Is the scale on the map correct? Explain.
4. Suppose you are making a map of a square area. The dimensions of the actual area are 1,000 km by
1,000 km. You are drawing the map on a grid that is 10 cm by 10 cm. What scale would you use?
Two cities are 820 km apart on the ground. How far apart are they on your map?
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Technology Zone How Do Seismographs Work?
You have probably seen zigzag lines, like the ones shown below, used to represent an earthquake.
The pattern of lines, called a seismogram, is the record of an earthquake’s seismic waves. It is produced
by an instrument called a seismograph.

P waves travel
fastest and
arrive first.

Surface waves
produce the largest
disturbance on the
seismogram.

S waves arrive
shortly after
P waves.

Measuring Seismic Waves When you write a sentence, the paper stays in one place while your hand
moves the pen. But in a seismograph, the pen remains stationary while the paper moves.
A simple seismograph can consist of a heavy weight attached to a frame by a spring or wire. A pen
connected to the weight rests its point on a drum that can rotate. The height of the lines drawn by the
seismograph is greater for a more severe earthquake or an earthquake closer to the seismograph.
Modern seismographs are complex electronic devices. In addition to the severity of the shaking, they
also record the precise timing of the shaking. Some laptop computers and car air bags contain similar
devices that detect shaking.

Design It
Car air bags use a device that is similar to a seismograph. Work with a partner to answer the following
questions.
1. Why do you think car designers included such an instrument? Explain your thinking.

2. Name at least two reasons for including a seismograph-like device in an automobile.

3. What other industries do you think might use motion detectors similar to a seismograph?
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STEM Project Shake, Rattle, and Roll
Earth’s surface is made up of rigid tectonic plates that rest and gradually move atop its elastic
mantle. Forces from tectonic plate movement cause stress on the brittle crust at Earth’s surface.
When enough stress builds up, the rocky crust breaks, forming a fault. An earthquake occurs when
the stress along a fault causes the rock to slip. This movement releases energy that travels through
Earth as seismic waves.
Seismic waves occur in three types. P waves compress and expand the ground like an accordion. S waves
can vibrate from side to side or up and down. Surface waves can make the ground roll like ocean waves.
Seismic waves can affect natural land features and structures built by people.
In this activity, you will design, build, and test a model that simulates an earthquake in order to learn
how earthquake energy affects land and buildings. Refer to the Engineering Design Process flowchart in
the middle of the book if you need help.

Identify the Problem
1. Suppose you are an architect who designs homes in a fault zone. Why would learning about
earthquakes be important to you?

Do Research
Examine the diagrams of faults and seismic waves.
2. What physical features should be visible in an earthquake model?

3. Which aspects of an earthquake are important to demonstrate in a working model? Explain.
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Go to the materials station(s). Examine the materials. Think about which materials may be useful for
your model. Leave the materials where they are.
4. What are your design constraints?

Develop Possible Solutions
5. Describe ways in which you could use the materials to build a model of Earth’s surface at a fault.
Identify at least two ways you could simulate earthquake motion in your model.

Choose One Solution
Write your answers to Questions 6–8 on the next page.
6. List the material(s) you will use for your earthquake model.
7. Draw your design and label all the parts. Describe how you will build your earthquake model.
8. Describe how your model will simulate the motion of an earthquake.
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Ideas, Drawings, and Answers

= 1 cm
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Design and Construct a Prototype
Have your teacher review and approve your design. Then gather the materials you need to build your
earthquake model. The structure you build will be your prototype, the first working version of your
design. If you can, document your construction process by taking photos or recording video as you go.
Be sure to wear goggles as you build and then test your prototype.
9. Measure the dimensions of your prototype. Record the design details.

10. On the next page, draw a detailed diagram of your prototype. Label the features and
measurements.

Test the Prototype
Test your prototype. Use whatever method you have developed to simulate the motion of an earthquake.
Observe what effects the motion has on the land features and the built structures you included in your
prototype.
11. Circle the wave motions your prototype simulated.
P wave motion

S wave motion

surface wave motion

12. How did your simulated earthquake motion affect the land and buildings in your prototype?

13. On the next page, draw in detail what your prototype looks like after the test.
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Communicate Results
14. Collect the materials that document the design, construction, and testing of your prototype.
Assemble a portfolio that includes the before and after diagrams of the land area, your
photographs of the process, and a record of your test results. Prepare a data table to display
information about the duration and type of movement and the results in your prototype. Write
a short summary of how data like yours could be useful to an architect trying to design safer
homes.
15. Prepare a computer slide show or a video presentation showing how you built your prototype,
how it performed, and why your results were significant. Include your conclusions on how the
earthquake motion would affect natural features and built structures near the fault. Deliver the
presentation to your class.

Evaluate and Redesign
16. Evaluate your prototype using the following rubric. Check one answer for each question.
Does the prototype…
fit onto the provided base?
include a representation of a fault?
represent natural land features?
represent built structures?
show the effects of the earthquake motion?

Very Much

Somewhat

Not at All

17. Compare your results with those of your classmates. Did your prototypes function in similar
ways? Explain.

18. What changes could you make to your earthquake prototype to make it a more accurate
representation of how earthquakes affect land and buildings?
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Career Spotlight Structural Engineer
Civil engineers design things in your community such as roads, water treatment facilities,
buildings, airports, and train stations.
A structural engineer is a civil engineer who specializes in the design of safe structures. Structural
engineers design bridges, tunnels, and freeway interchanges. They need to design safe structures that
can withstand forces such as gravity, wind, soil movement, and earthquakes.
Since structures are built on soil, the design of a building also requires knowledge of the soil it is built
on. If the soil is unstable, the foundation needs to be designed to create stability, and the soil may need
to be compacted, excavated, or reinforced before construction begins. If a structure is located in an
earthquake zone, the building and its foundation need to be built to withstand the shaking motion of an
earthquake.
Structural engineers often work in teams to design a structure and create plans and drawings for all the
necessary components. Plans include scale drawings and measurements for all structural components.

Design It
Quick Activity A
Work with a partner. You will need a stack of cards and a sheet of paper. Using the stack of cards, you
will construct a house of cards that can withstand earthquake-like conditions. You must build your
house on the sheet of paper. Before you begin construction, discuss design constraints with your
partner. You have 10 minutes to build your house.
After 10 minutes, one of you will slide or shake the paper to simulate an earthquake. Did your house
survive? Which parts?

Quick Activity B
You will redesign your house of cards using toothpicks as supports. Discuss with your partner how the
toothpicks will make the house of cards more stable. Where should the toothpicks be placed for greatest
structural support?
Now draw a diagram of a house of cards with the additional support.
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Hands-on Inquiry Finding the Epicenter
Reviewing Content
An earthquake occurs when rock that is under stress below Earth’s surface breaks and releases energy.
The focus is the place underground where the rock breaks. Seismic waves move out from the focus in all
directions, carrying energy.
The epicenter is the point on Earth’s surface directly
above the focus. The strength of an earthquake is
greatest at its epicenter, and this is typically where
the most damage occurs.

Earthquake
Seismographic
station

Scientists can use data from seismographs
to determine the location of the epicenter. A
seismograph records both P and S waves as they
arrive at the seismograph location. Although
P and S waves start out at exactly the same time
when an earthquake occurs, P waves travel faster
and reach the seismograph first. S waves arrive
second. Scientists can use these data (recorded on
a seismogram) to measure the difference in arrival
time between P and S waves. The farther apart the
arrival times of the waves are, the farther the location is from the epicenter.

Chicago

Savannah
Houston

Reviewing Inquiry Focus
Scientists interpret data so they can draw conclusions about their hypotheses. Interpreting data means
making sense out of the data gathered during an experiment by looking at patterns or trends. Data
can be displayed in different ways. A data table is an organized way to record observations from an
experiment. A graph is another way to organize data. Graphs can be better than data tables for showing
patterns and trends in the data.
1. In this Lab Investigation, what data are you given to analyze? In what formats are the data
presented?

2. What conclusion will you be able to draw after analyzing the data?
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Hands-on Inquiry Finding the Epicenter
You will need to refer to this graph as you conduct your experiment. The graph shows how the
difference in arrival time between P waves and S waves is related to the distance from the epicenter of
the earthquake.
Find the difference in arrival time for Denver on the y-axis of the graph. Follow this line across to the
point at which it crosses the curve. To find the distance to the epicenter, read down from this point to
the x-axis of the graph.

Difference in Seismic Wave Arrival Times

Differences in Arrival Time
of P and S Waves (min)

4

3

2

1

1,000

2,000

3,000

Distance to Epicenter (km)
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Hands-on Inquiry Finding the Epicenter
Problem How can you locate an earthquake’s epicenter?
Inquiry Focus Interpret Data • Draw Conclusions

Design an Experiment
1. Suppose you are a seismologist and have just found out about a major earthquake that has taken
place in the United States. It is your job to locate the epicenter of the earthquake so that the Federal
Emergency Management Agency (FEMA) will know where to focus its disaster relief. You have the
following information and tools available:
•

seismograms from five seismograph centers

•

a graph showing the relationship between difference in seismic wave arrival times and distance
to the epicenter

•

a scale map of the United States

•

a compass with pencil

2. Consider the following questions as you develop a plan to find the epicenter:
a. What information do you need to know about the arrival of P and S waves at each seismograph
center?
b. How can you use the information on the seismograms to determine the arrival times?
How will this information help you determine the distance of a city from the epicenter?
c. What data will you need to record? How will you record it?
d. How will you use the map scale?
e. Once you have determined how far a city is from the epicenter, how can you show all
the possible points where the earthquake could have occurred with respect to that city?
For example, if an earthquake occurred 100 km from a certain city, it could be 100 km north,
100 km northwest, 100 km east, etc.
f. How might using data from more than one city narrow the possibilities for the epicenter
location?
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3. Write out your step-by-step procedure for finding the epicenter. Draw any data tables you will
need. Have your teacher approve your plan.
4. Carry out your procedure and record your data. If you need additional space, use the next page.

Procedure

Data Table

Chicago

San Francisco
Denver

0

300

600

900

1200 1500

Houston

Kilometers
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Analyze and Conclude
5. Interpret Data Look at the circles you have drawn on the map. There should be various points of
intersection. What do these points represent?

6. Observe Where is the epicenter of the earthquake?

7. Calculate Mark a point on the map that is 2,400 km from the epicenter, in any direction you wish.
What would you expect the difference in arrival time between P and S waves to be at this point?

8. Draw Conclusions Suppose that the three circles you draw to determine an
epicenter do not intersect exactly at one point. The diagram on the right
shows this type of situation. Suggest a strategy for determining the
epicenter.

9. Develop a Hypothesis Imagine you are given a new set of seismograms from five different
locations. You follow the same procedure you carried out in this Lab Investigation to determine the
location of the epicenter. However, as you draw circles with your compass, you find that one circle
does not intersect any of the others. Develop a hypothesis to explain this outlying circle.
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Hands-on Inquiry Finding the Epicenter
10. Design an Experiment What sources of error might be encountered in this activity that could
affect the results?

11. Predict Suppose an earthquake struck California, and its epicenter was 100 km north of San
Francisco. Predict three pieces of data you could obtain from the P and S waves from this
earthquake.

12. Observe Imagine you have two seismograms from different cities. How could you determine
which city is closer to the epicenter simply by looking at the seismograms?

13. Summarize Describe what you learned in this lab about finding the epicenter of an earthquake
and what questions you still have.
What I learned

What I still want to know

Communicate
Relate Evidence and Explanation Join forces with another lab group. Your
task is to create a short television news report that explains how you determined
the epicenter of the earthquake. Your news report should include
• an explanation of a seismograph and what it detects;
• an explanation of P and S waves;
• an explanation of the procedure you took in this lab to determine the epicenter;
• the use of specific examples in your explanations.
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Enrichment Monitoring Earthquakes
Read the passage and look at the diagram. Then answer the questions.
Earthquake Probability Along the San Andreas Fault

Earthquake Probability

San Francisco
North
Coast

South Santa Cruz Mountains

90%

Less
than
10%

30%

Parkfield

Cholame

10%

40%

Carrizo

Coachella
San
Bernadino Valley
Mountains

20%

Section of
very low
probability

Mojave

30%

30%

San Andreas
Fault
San Francisco

20%

This combined map and bar graph
shows the probability of earthquakes in
different areas along the San Andreas
Fault. Probability is a measure of how
likely it is that some event will happen
in a given time. A probability near
100 percent means that an event is
very likely to happen. A probability
near zero percent means that an event
is very unlikely to happen.

Los Angeles

1. Which area has the highest probability of an earthquake?

2. What is the probability of an earthquake in the North Coast area?

3. The fault section between the South Santa Cruz Mountains and Parkfield has a very low
probability. Geologists know that this area has experienced very little damaging seismic activity
in the past. They also found that the blocks of rock in this section move slowly and continually.
Why would slow, continual movement lead geologists to give the section a low probability?

4. What can you infer about why the probability of an earthquake is so high in the Parkfield area?
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Assessment Earthquakes and Seismic Waves
If the statement is true, write true. If the statement is false, change the underlined
word or words to make the statement true.
1.
2.

The shaking and trembling that results from movement of rock beneath
Earth’s surface is called an earthquake.
seismic waves.

3.

On a seismogram, higher lines drawn on the paper indicate weaker
P waves can become surface waves when they reach Earth’s surface.

Fill in the blank to complete each statement.
4. The
or move.

of an earthquake is the point where rock under stress begins to break

5. The weight and pen of a seismograph resist
6. A

during an earthquake.

engineer specializes in the design of safe structures.

7. You want to make a scale model of a sailboat that is 16 m long and 15 m tall. You plan to make the
model 43 cm long. What will be the height of the model?
How are buildings designed to withstand earthquakes?
8. An architect is hired to design a skyscraper in the Indonesian city of Jakarta, which is near the Ring
of Fire, an active earthquake and volcano zone. The architect must follow special building codes
that the city has written. What might those codes be for, and why are they important in Jakarta?
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Performance Assessment Seismic-Safe Buildings
Suppose you are on the highest floor of a tall building in your town. An earthquake strikes.
What features might help the building withstand the powerful effects of an earthquake? Civil
engineers use different technologies to design buildings that can withstand earthquakes.
Seismic-safe buildings have features that reduce earthquake damage. Some of
these features strengthen a building. Others allow the building to move or shield
the building from the energy of seismic waves. In earthquake-prone areas, most
tall steel-frame buildings may have one or more of the seismic-safe features
described here.
To prevent cracks, tension ties are used to firmly “tie” the floors and ceilings
of the building to the walls. Tension ties absorb and scatter earthquake energy
and thus reduce damage.
Base isolation is another technology. In this type of design, the building
is built on rubber pads or rollers. These structures separate, or isolate, the
building from its foundation. The pads, like the ones shown to the right,
stop some of an earthquake’s energy from entering the building. When the
earth shakes, the rollers allow the building to glide on top.
Cross braces form a network of steel on the outside of the building to
stiffen its frame. They also absorb energy during an earthquake.
Dampers are heavy weights placed on certain floors of a high-rise building.
Dampers work like shock absorbers in a car, absorbing some of the energy
of seismic waves.

Tension tie

Steel
frame

Tension Tie

Column
Rubber
and steel
layers

Foundation

Base Isolator

Design It
1. Modeling Seismic-Safe Design Use cardboard, craft sticks, modeling clay, and other common
materials to build a small-scale prototype of a seismic-safe building. Use at least two features
described above. Review the Engineering Design Process if you need help.
2. Scale Drawings On the next page, make a scale drawing of your building prototype with labels
showing the seismic features. Decide on a scale for your drawing. (For example, you might decide
that 2 cm in your prototype will be represented by 1 cm in your drawing, so your drawing will be
half as wide, long, and tall as your actual prototype. Your scale will be 2 cm : 1 cm.) Use a ruler to
make your drawing neat and accurate, and write the scale at the bottom of your drawing.
3. Testing Place your building prototype on a table and drop a heavy book next to it. Then try
bumping the table to shake the prototype sideways in different directions. How well does your
prototype stand up? What changes could you make to improve your structure’s stability?
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Standardized Test Prep
3. When an earthquake occurs, seismic waves
travel

Multiple Choice
Circle the letter of the best answer.

A
B
C
D

1. An earthquake occurs along a fault when
A energy in the rock along the fault does not
change for a long period of time.
B stress in the rock along the fault causes the
rock to melt.
C enough energy builds up in the rock along
the fault to cause the rock to break or slip.
D energy in the rock along the fault is
changed to heat.

only through the hanging wall.
only through the footwall.
outward from the focus.
inward to the epicenter.

4. Engineers have designed a new car. Which of
the following trade-offs would have a negative
impact on public safety?
A choosing low-cost materials over good
results in crash tests
B choosing appearance over good results in
crash tests
C choosing a better music system over a
better air-conditioning system
D choosing a more powerful engine over
better gas mileage

2. How does the height of the lines drawn by
a seismograph after a severe earthquake
compare to those from a minor earthquake?
A The lines are lower for a severe earthquake.
B The lines are higher for a severe
earthquake.
C The lines for a severe earthquake and a
minor earthquake are equal.
D No lines are drawn for a minor earthquake.

Constructed Response
Use the diagram to the right and your knowledge of
science to help you answer Question 5. Write your
answer below.
5. Explain how scientists use seismographic stations to
determine the location of an earthquake’s epicenter.

Earthquake
Seismographic
station

Chicago

Savannah
Houston
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Heating Use a clamp or tongs to pick up hot
glassware. Do not touch hot objects with your
bare hands.

Plastic Gloves Wear disposable plastic
gloves when working with harmful chemicals
and organisms. Keep your hands away
from your face, and dispose of the gloves
according to your teacher’s instructions.

Heat-Resistant Gloves Use an oven mitt
or other hand protection when handling hot
materials, such as hot plates or hot glassware.

Breakage Handle breakable materials, such
as glassware, with care. Do not touch broken
glassware.

Lab Apron Wear a laboratory apron to
protect your skin and clothing from damage.

Safety Goggles Wear safety goggles to
protect your eyes in any activity involving
chemicals, flames or heating, or glassware.

Electric Shock To avoid electric shock, never
use electrical equipment around water, or
when the equipment or your hands are wet.
Be sure cords are untangled and cannot trip
anyone. Unplug equipment not in use.

Plant Safety Handle plants only as directed
by your teacher. If you are allergic to certain
plants, tell your teacher; do not do an activity
involving those plants. Avoid touching harmful
plants, such as poison ivy. Wash your hands
when you are finished with the activity.

Animal Safety Treat live or preserved
animals or animal parts with care to avoid
harming the animals or yourself. Wash your
hands when you are finished with the activity.

Sharp Object Scissors, scalpels, knives,
needles, pins, and tacks can cut your skin.
Always direct a sharp edge or point away
from yourself and others.

Fumes Work in a well-ventilated area
when harmful vapors may be involved. Avoid
inhaling vapors directly. Only test an odor
when directed to do so by your teacher,
and use a wafting motion to direct the vapor
toward your nose.

These symbols warn of possible dangers in the laboratory and remind you to work carefully.

Safety Symbols
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Hand Washing Wash your hands
thoroughly when finished with an activity. Use
soap and warm water. Rinse well.

Corrosive Chemical Avoid getting acid
or other corrosive chemicals on your skin or
clothing or in your eyes. Do not inhale the
vapors. Wash your hands after the activity.

General Safety Awareness When
this symbol appears, follow the instructions
provided. When you are asked to develop
your own procedure in a lab, have your
teacher approve your plan before you go
further.

Disposal Dispose of chemicals and other
laboratory materials safely. Follow the
instructions from your teacher.

No Flames When using flammable
materials, make sure there are no flames,
sparks, or other exposed heat sources present.

Poison Do not let any poisonous chemical
come into contact with your skin, and do not
inhale its vapors. Wash your hands when you
are finished with the activity.

Physical Safety When an experiment
involves physical activity, avoid injuring
yourself or others. Alert your teacher if there is
any reason you should not participate.

Flames Before you work with flames,
tie back loose hair and clothing. Follow
instructions from your teacher about lighting
and extinguishing flames.
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The temperature of the
water is 35°C.

Temperature
Scientists use the Celsius scale to measure temperature.
Temperature is recorded in degrees Celsius (°C). Water freezes at
0°C and boils at 100°C. Scientists measure temperature using a
thermometer.

Mass
Mass is measured in grams (g). Mass is the amount of matter
in an object. One gram is about the mass of a paper clip. Larger
masses are measured in kilograms (kg). Scientists use a balance to
find the mass of an object.

Measuring in SI
Scientists use the International System of Units (SI) as their
standard system of measurement. SI units are easy to use. Each
unit is ten times greater than the next smallest unit. The table lists
some SI prefixes. These prefixes name the most common SI units.

Scientists use measurements to record precise observations.
They also use measurements to communicate their findings.

Making Measurements
Prefix
kilohectodecadecicentimilli-

1,000
100
10
0.1 (one tenth)
0.01 (one hundredth)
0.001 (one thousandth)

Meaning

1 kg = 1,000 g

Common
Conversion

The mass of the potato is 0.25 kg or
250 g.

Symbol
k
h
da
d
c
m

Common SI Prefixes
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Time
Scientists measure time in seconds (s).

Liquid Volume
Liquid volume is measured in liters (L). Liquid
volume is the amount of space a liquid takes up.
One liter is about the volume of a medium-size
milk container. Smaller volumes are measured in
milliliters (mL). Scientists use graduated cylinders
to measure liquid volume. The graduated
cylinder to the right is marked with milliliter
divisions. Notice that the water in the cylinder has
a curved surface. This curved surface is called the
meniscus. To measure the volume, you must read
the level at the lowest point of the meniscus.

Length
Length is measured in meters (m). Length is the
distance between two points. The distance from
the floor to a doorknob is about one meter. Long
distances are measured in kilometers (km). Short
distances are measured in centimeters (cm) or
millimeters (mm). Scientists use metric rulers and
meter sticks to measure length.

1
1
1
1

km
m
m
cm

1 hour
= 60 minutes
1 minute = 60 seconds

Common
Conversions

1 L = 1,000 mL

Common
Conversion

This shell is 7.8 cm or 78 mm.

The volume of water in
the graduated cylinder
is 62 mL.

= 1,000 m
=
100 cm
= 1,000 mm
=
10 mm

Common
Conversions
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Although experiments do not all follow the same steps in
the same order, many follow a pattern similar to the one
described here.

Test your hypothesis.
Make a plan to test your hypothesis. Write a step-by-step procedure. Collect materials
and tools. Then follow your plan. Each time you test your hypothesis is called a trial.
Repeat each trial multiple times.

Identify and Control Variables.
Variables are things that can change in your experiment. For a fair test, choose just one
variable to change. Keep the other variables constant.

State your hypothesis.
A hypothesis is a possible answer to your question. It must be something that you can
test with an experiment. Write it as an If…then…because statement.

Pose a question.
Experiments begin by asking a question about an observation you make. A scientific
question is one that can be answered by gathering evidence.

In some ways, scientists are like detectives, piecing together
clues to learn about a process or event. One way that
scientists gather clues is by carrying out experiments.
An experiment tests an idea in a careful, orderly manner.

Scientific Methods
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Try it again.
Repeat the experiment a few more times.
The results of one experiment might not be correct.
Be sure to repeat everything exactly the same each time.

State your conclusion.
Your conclusion is a statement that sums up what you have learned from your experiment.
Communicate what you found out. Tell whether your data supported your hypothesis.

Interpret your data.
Organize your notes and records to make them clear. Make diagrams, charts,
or graphs to help you analyze your data. Look for patterns or trends in your data.

Collect and record your data.
Record observations and measurements you make during your experiment.
Use a data table to organize and record your observations.

