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To Dave Frey, David Stewart, and Elmer Smith—three Crystal City boys who’ve taught us a lot about STEM and even more about life.






Introduction


Short for science, technology, engineering, and mathematics, STEM represents much more than a collection of school subjects or classes. It’s an exciting world that goes well beyond the walls of a classroom and into the world around us. STEM answers countless questions kids (and adults!) ask every day: How exactly does a bridge stay up? What do meteorologists mean by “high pressure” and “low pressure”? Why are there so few people with red hair? What’s the probability that someone else has the same birthday as you?


Figuring out the answers to these questions doesn’t have to be boring, intimidating, or done by a trained scientist. You can unearth them with your whole family, in your own home, with materials you have on hand.


Kids are naturally curious about the world around them—nurture that curiosity with fun, engaging activities that teach as they entertain. Your daughter might discover that she has a real knack for statistics—maybe she’d like her school’s math club. Your son might realize he loves all things plants, and start volunteering at the community garden. These interests could even spawn a successful career well down the road.


According to the Bureau of Labor Statistics of the U.S. Department of Labor, unemployment rates are lower and average wages are higher in STEM fields than in non-STEM fields. Job market analytics company Burning Glass Technologies found that entry-level jobs in STEM pay roughly 28 percent more on average than entry-level jobs in other fields. Despite these healthy job prospects in STEM, many young people choose other paths. Some likely steer clear of STEM because the subjects are difficult. One way you can help your kids face challenging coursework is by providing opportunities for learning outside the classroom—such as the activities in this book.


Even if your child doesn’t choose a career in STEM later in life, the activities in this book will help him or her develop the kind of critical thinking skills necessary in a wide variety of classes, internships, and jobs: A nonprofit fundraiser needs to master how to calculate compound interest; a chef should know how certain ingredients interact on a chemical level; and it’s essential for a soccer coach to understand Newton’s three laws of motion.


What’s Your STEM? offers more than fifty learning activities designed to introduce young learners to a wide variety of STEM fields. You’ll want to do many of the activities with your child, to guide and oversee the process. Depending on the age and aptitude of your child, she may enjoy exploring some of the activities on her own. In addition to the hands-on activities, What’s Your STEM? describes a variety of STEM careers your child might like to hear about—from aerospace engineer to web developer.


Use these activities to take STEM beyond the classroom, out from under its educational acronym, and into your home. Build your child’s confidence, fuel passions, and spark interests. Make STEM concepts familiar, achievable, exciting—and above all, fun.







Chapter 1


STEM Basics


If you don’t work in a STEM field, you might need a refresher on some fundamental concepts before you start working with your child on the activities in the book. This chapter offers a basic introduction to the various fields in the industry, and includes a hands-on learning activity designed to help you explore the scientific method.


What Is Science?


When you hear the word “science,” a number of images probably come immediately into your mind. You might think of a laboratory featuring beakers and Bunsen burners, or a scientist in a white lab coat looking through a microscope, or a tweed-coated professor peering at the stars through a telescope. Perhaps the word conjures up images of the periodic table, or high-school biology students dissecting a frog. Science certainly includes images like those, but it’s a broader concept than many people realize.


Science is a process for discovering knowledge or uncovering general truths based on observation and experimentation. Science also refers to the body of knowledge that results from that process. You can think of science as a process of discovery, along with all the discoveries that are made along the way and the application of those discoveries.



STEM Words to Know


serendipity


Not all scientific discoveries arrive through experimentation—some have come more or less by accident. A happy accident like that is called serendipity, and there are many examples of it occurring in science throughout the years. Alexander Fleming, a Scottish scientist, left a petri dish open by mistake and it became contaminated by a bacteria-killing mold. That “accident” marked the discovery of penicillin. While testing radar equipment for the Raytheon company, a worker noticed that a candy bar had melted in his pocket, leading to the development of the microwave oven. Safety glass came about when a lab worker forgot to wash out a glass beaker and the plastic that it had contained coated the inside of the beaker. 



One of the most basic distinctions is to divide scientific work into basic science and applied science. Basic science involves the discovery of new knowledge or fundamental principles. Applied science involves utilizing already existing knowledge for some purpose. The discovery of x-rays would be considered basic science. The use of x-rays to examine fractured bones is applied science. All fields of science have basic aspects and applied aspects.


Fields of Science


Science is divided into a number of scientific disciplines or fields. The major scientific fields are then further divided into subfields. Here are some of the most common STEM fields.



STEM Career Choices


Science Teacher


Anyone who decides to become a teacher must have patience, dedication, and a real desire to help others. Teachers of STEM subjects need extra patience and skill because so many students have a fear of math and science.


Public school teachers need a license or certification in the state they teach in and in the subject they teach. They need a passing score on a set of exams called the Praxis exams. The demand for teachers varies by state and city, and also by subject area. The overall demand for science and math teachers is greater than the demand for teachers of other subjects. Ask current teachers for any advice they have to offer about this important and rewarding career. 



Life Sciences


The life sciences are those fields involving the study of living organisms, including biology and its subfields. Some of the life science subfields are biochemistry, anatomy, genetics, botany, horticulture, zoology, microbiology, food science, and environmental health. Medicine is also part of the life sciences.


Physical Sciences and Mathematics


The physical sciences focus on the study of nonliving matter and energy. The physical sciences include all the subfields of physics, chemistry, earth science, and atmospheric sciences. Mathematics also has a number of divisions and subfields. The computer sciences are also grouped under this broad category.


Physics


Physics involves the study of matter and energy. Some of the subfields in physics are fluid dynamics, optics, nuclear physics, quantum physics, astronomy, and astrophysics. Physics principles are employed in many other science and technology fields.


Chemistry


Chemistry focuses on the composition and properties of substances, as well as the interactions among substances. Some of its subfields are organic chemistry, analytical chemistry, and biochemistry.


Earth Science


Earth science includes all the subfields related to the study of the earth’s makeup. Geology, paleontology, soil science, volcanology, and seismology are among the earth science subfields.


Oceanography, Atmospheric Sciences, and Meteorology


Oceanography is the study of oceans and marine life. The atmospheric sciences and meteorology involve the study of the weather and climate and their impact on the earth.


Mathematics, Applied Mathematics, and Statistics


The field of mathematics involves the study of numbers, equations, shapes, and their relationships. Some of its subfields are algebra, number theory, and set theory. Applied mathematics focuses on the use of math concepts in other fields, such as engineering and business. Control theory and dynamic systems are examples of subfields in applied mathematics. Statistics involves gathering, analyzing, and presenting data.


Computer Sciences


Computer sciences deal with computers and their practical applications. Computer science subfields include databases/information systems, programming languages, and artificial intelligence/robotics.


Engineering


Engineering involves the practical application of science and math for the purpose of designing and building physical structures and machines, or otherwise managing resources. Some engineering fields are mechanical engineering, civil engineering, aerospace engineering, industrial engineering, nuclear engineering, and electrical engineering.



STEM Words to Know


nanotechnology


An emerging area of engineering is nanoscience, which involves the creation of nanotechnology. The National Nanotechnology Initiative claims that, “[n]anoscience and nanotechnology are the study and application of extremely small things and can be used across all the other science fields.” Just to give you an idea of how small the nanoscale is, there are 25,400,000 nanometers in an inch. 



Social and Behavioral Sciences


The social and behavioral sciences are those that examine how humans behave, either as individuals or as part of a group. Some examples of social and behavioral sciences are anthropology, psychology, economics, sociology, and political science.



STEM Career Choices


Science Writer


Science writers write articles and blog posts for magazines, newspapers, and websites. Some science writers are so intrigued by their subjects that they write full-length books. Science writers don’t have to be scientists; many train as journalists and then later decide to focus their attention on science. Some science writers specialize in one or a few popular niche areas, such as space travel, artificial intelligence, or biotechnology.


Those interested in a career in science writing should, of course, regularly read science articles and books, both in their specialty area and beyond. Reading the work of other science writers helps the aspiring writer learn the style of writing that readers expect and discover which science topics people find most interesting. 



The Scientific Method


Early humans developed many theories about why the world works the way it does. There were fanciful explanations for various natural phenomena, many of them involving unseen forces, such as gods and goddesses. Lightning storms, earthquakes, even the rising and setting of the sun all had explanations based on the actions of various deities. Those explanations may have made for entertaining stories, but there was nothing scientific about them.


The scientist Ibn al-Haytham, who lived during the tenth and eleventh centuries, made one of the earliest statements about the scientific method in his book Doubts Concerning Ptolemy.


The seeker after the truth is not one who studies the writings of the ancients and, following his natural disposition, puts his trust in them, but rather the one who suspects his faith in them and questions what he gathers from them, the one who submits to argument and demonstration and not to the sayings of a human being whose nature is fraught with all kinds of imperfection and deficiency.


Ibn al-Haytham’s statement captures the basic idea behind scientific inquiry, or what has come to be known as the scientific method. The theories and principles that are widely accepted in each of the various sciences were not accepted immediately. Each was subjected to lots of analysis and verification. In some cases, the theories were only partially correct and had to be corrected or completed by later scientists. The scientific method has been employed in the discovery and refinement of many important findings in science.


Steps of the Scientific Method


The particular application of the scientific method may differ some from field to field, but the basic process is the same in all sciences. The scientific method can be broken down into a few fundamental steps.


Step 1: Ask a General Question


Scientific inquiry begins with a researcher asking a general question. For example, suppose you begin to wonder about the new chemical factory that was just built in your neighborhood close to your favorite fishing stream. In particular, you wonder if the factory will harm the stream in some way. That’s your general question: Will the new chemical factory affect the local stream?


Step 2: Gather Background Information


As a researcher, you always want to know what other research has been done on your subject. Most researchers read a lot about their subject, particularly any work that was published recently. Researchers also need a good understanding of the fundamental science, or the widely accepted principles, relating to their research. To analyze the question about the chemical factory and the stream, it would be good for the researcher to have a background in environmental science or some related field.


Step 3: Form a Hypothesis


A hypothesis is a proposition about the cause or nature of something. For it to be used as part of the scientific method, a hypothesis must be testable. For example, a man who lost his car keys could form the hypothesis that his keys were stolen by leprechauns. Since there’s no obvious way to scientifically test whether or not leprechauns stole his car keys, the man’s hypothesis can’t be explored with the scientific method. The man’s hypothesis would be considered highly nonscientific in light of the fact that science doesn’t generally acknowledge the existence of leprechauns!


You also can’t test hypotheses that are statements of value judgment. For example, the statement “people who drive yellow cars have poor taste” is not a testable hypothesis, because good taste and poor taste are all in the eye of the beholder.


Following are some examples of testable hypotheses.



	Cigarette smokers are more likely to develop lung cancer than nonsmokers


	Married people tend to live longer than unmarried people, all else being equal


	Kids tend to become hyperactive when they eat too much sugar


	Plants grow faster when exposed to classical music


	People who take regular vacations have lower stress levels than people who rarely vacation



In your research about the factory’s effects on the stream, you could start with a hypothesis such as “Most factories emit pollutants that are dangerous to the environment and the health of living things.”


Step 4: Test the Hypothesis


After stating your hypothesis, it’s time to look for a way to test it. Some tests of hypotheses are easy to conduct; others take a lot of time and resources. For example, you could state the following hypothesis: “A 1-pound brick dropped from 5 feet will reach the ground in less than 2 seconds.” Such a hypothesis would be easy to test by performing a simple experiment. You could simply drop the brick from 5 feet and time how long it takes the brick to reach the ground. Usually scientists will want to repeat an experiment a number of times to verify the results. If you dropped the brick several times in a row and each time it reached the ground in less than 2 seconds, you could be pretty certain of your results.


Experiments are used to gather data about the hypothesis being tested. Each time you drop the brick, you record the length of time it takes the brick to reach the ground. Each time you repeat the experiment and record the result, you’re making an observation. The data or observations you’re recording—generated by repeated trials of your experiment—are what you’ll analyze to determine whether your stated hypothesis is true. But experiments are not the only method used to gather data. Social scientists often use surveys to collect information. For example, if you wanted to find out how people feel about a particular political candidate, you could conduct a survey, asking people their opinion of the candidate.


Sometimes scientists use data that already exists. For example, if you needed to know the population of the United States in order to test your hypothesis, you wouldn’t be required to count the number of people living in the country. The U.S. Census Bureau gathers population data for the nation, and anyone can use the data. When you utilize data that’s been gathered by someone else, it’s known as secondary data. (If you did count the citizens yourself, you would be gathering primary data.)


For your factory-effects-on-stream research, you could do searches online (such as “factory pollutants” and “industrial water pollution”) to find websites that have useful secondary data.


Step 5: Analyze the Data and Make a Conclusion


The final step in the scientific process is to analyze the data you’ve gathered and make a conclusion about your stated hypothesis. If your hypothesis turns out false, you might repeat your procedure to be sure you didn’t make any errors in conducting the experiment or recording the data. Even if you prove your hypothesis, it’s a good idea to review your procedure to be sure it’s error-free.


After reaching a conclusion about your hypothesis, you’ll want to communicate your results, either in the form of an oral presentation or a written report. For as long as the scientific method has existed, scientists have communicated the results of their work so that others could build upon it and advance the sciences.


ACTIVITY: The Scientific Method in Action: An Activity You Can Do at Home


This famous experiment that kids have been doing for decades requires only an eyedropper and a few coins. The basic purpose of the experiment is to introduce the scientific method.


Materials Needed:



	A penny, a dime, and a quarter


	A clean eyedropper


	Water


	2 other kinds of safe liquids


	A pencil or pen


	A table for recording observations (see following example)



There are several ways to approach this activity. One is to begin with the smallest coin, a dime, and an eyedropper filled with tap water. Invite your child to squeeze one drop of water onto the dime and then observe how the water behaves. After your child has observed the water for a moment, ask her to make a prediction about how many drops of water will fit on the dime before the water spills off the coin’s edge. Help her craft her prediction into a testable statement of hypothesis before she proceeds with the experiment.


After your child records the number of water drops the dime held, ask her to make a conclusion about whether her hypothesis was correct or not. Then ask her to make a prediction (i.e., state a hypothesis) about the number of water drops a penny will hold. After she has completed her experiment and made her conclusion about the penny, have her repeat the process with a quarter.


If your child is particularly inquisitive, invite her to repeat the entire process (penny, dime, and quarter) using two other safe liquids. Some possible choices include milk, soda, and cooking oil. Be sure to clean the coins and the eyedropper after each round. For the rounds involving other liquids, encourage your child to form statements of hypothesis that include some comparison to water (e.g., fewer drops of milk will fit on the penny than drops of water).









	Record Your Results: The Coin and Liquid Experiment




	
	Number of Drops





	Liquid


	Dime


	Penny


	Quarter





	
Water



	 
	 
	 



	
Milk



	 
	 
	 



	
Soda



	 
	 
	 



	
Oil



	 
	 
	 



	
Other Liquid



	 
	 
	 





The actual science underlying the eyedropper activity is somewhat advanced. If your child is deeply interested in science, encourage her to seek out the scientific explanation online or in the library. The point of the activity is to introduce her to the basic steps of the scientific method, and expose her to some basic STEM vocabulary.


Although it has its limitations, the scientific method has endured for centuries thanks to the millions of insights and advances it has yielded. Without the advent of the scientific method, the pursuit of scientific knowledge wouldn’t have followed the trajectory it has, and human life wouldn’t be the same as we know it today.


ACTIVITY: Science Fiction or Science Fact?


Science Fiction or Science Fact is a game you can play anywhere, and it’s a game that constantly changes. The basic premise of the game isn’t complicated. One person makes a statement relating to some scientific development, and then another person determines whether that statement is science fiction or science fact. The game constantly changes because the frontiers of science are always advancing.


Some ideas that you can use for the game are listed here. You can also find ideas by reading magazines such as Scientific American or Popular Science or looking at their websites. These statements represent science facts that probably sound like a lot like science fiction.


Science Facts That Sound Like Science Fiction:



	Robots have been developed that climb walls like insects


	Medical researchers have succeeded in creating artificial blood


	An invisibility device has been developed that uses lenses to cloak a small object


	Scientists have modified silkworms to create silk that’s stronger than steel


	Some Earth organisms have survived in space without a spacesuit or other protection


	Astronomers have discovered that planets can exist in systems with multiple suns


	The FDA has approved a bionic eye that enables blind people to see


	Scientists have teleported individual atoms from one location to another



For statements of pure science fiction, you can be as creative as you want. Just to get your juices flowing, a few statements of pure science fiction are listed here.


Statements of Pure Science Fiction (for the Time Being):



	Scientists have cloned dinosaurs from fossils


	Astronomers have spotted alien life forms on Europa, one of Jupiter’s moons


	A mineral was discovered that, when digested, can completely stop the aging process


	A helicopter was invented that can fly underwater


	Japan’s space agency has developed an escalator that carries humans to space


	Bioengineers dug up a corpse and brought it back to life using nanotechnology


	A monkey was genetically modified to give birth to a human baby


	Archaeologists have discovered evidence that the Greek god Zeus once really existed


	Technology exists that can send astronauts to neighboring star systems


	Dog breeders have bred a special new breed of dog that doesn’t eat or go to the bathroom



In some cases, there have been hoaxes in which science fiction has been portrayed as science fact. For example, a statement about British scientists cloning dinosaurs from fossils was once released, but it was proved to be a prank. As you search for additional material for the game, be sure to choose your sources carefully.







Chapter 2


Engineering


In the modern world, people are surrounded by all kinds of structures built by engineers and architects. Some of those structures are stationary, such as buildings, bridges, and towers. Other structures have parts that move or rotate, such as mechanical structures that use motors.


This chapter explores the design ideas and the thought processes behind many types of engineering projects. The chapter also includes descriptions of some of the engineering jobs that are essential in an industrial society.


ACTIVITY: Building a Motor


A motor is a machine that can make objects rotate. An electric motor’s input is electricity and its output is mechanical movement in the form of rotation. That may sound a little complicated, but you’re about to find out how simple it is to make a homemade electric motor. We’ll focus on building a direct current (or DC) motor that uses batteries. Most of the materials needed can be purchased from a hardware store and a craft store.


Materials Needed:



	20" length of enameled copper wire, 26 gauge (AWG)


	2 connecting wires with alligator clip ends


	6-volt battery


	Cylindrical neodymium magnet 1⁄2" in diameter and 1⁄2" in height


	2 large safety pins


	Smooth Styrofoam disk


	Dowel with 1⁄2" diameter and 4" in length


	Sandpaper


	Pliers



Procedure:



	Assist your child in taking the stretch of copper wire and winding it around the dowel 4–5 times. Once he has 4–5 turns of wire, tell him to remove the dowel and wrap the loose end of the wire around the looped wires twice to make a knot and tighten the loops together, as shown in the following picture. Have him do the same at the other loose end of the copper wire. Make sure the excess straight wire on either end is along a straight line. This will serve as a shaft, about which the motor will rotate. [image: 9781507200643 motor1]



	Use sandpaper to entirely remove the enamel from one end of the straight copper wire. Lay the loop flat on a surface, and use the sandpaper to remove the enamel only from the top face of the other straight wire that’s not yet sanded (see the following illustration). [image: 9781507200643 motor2]



	Use a pair of pliers to clip off the fastening end of two safety pins (see the following illustration). [image: 9781507200643 motor3]



	Now have your child push the neodymium magnet halfway into the Styrofoam disk so that it sticks slightly above the Styrofoam surface level. Place the safety pins down on either side of the magnet so that each forms a triangle pointing up. Place the looped copper wire in such a way that its shaft rests inside the holes of the safety pins (see the following illustration). Note: You might need to push the safety pins farther into the Styrofoam in order to bring the looped copper wire very close to the magnet (without touching it). [image: 9781507200643 motor4]



	Next, ask your child to use an alligator clip wire to connect the base of one safety pin to the positive terminal of the battery, and another alligator clip wire to connect the base of the other safety pin to the negative terminal of the battery (see the following illustration). [image: 9781507200643 motor5]




Use your forefinger to give the copper loop a little spin and watch it spin around on its own afterward!


The little motor you created may not power a car—or even a food processor—but it will surely delight the young person who built it!


ACTIVITY: Building a Truss


Trusses are found in virtually every modern building. They’re used to provide support for the structure so it can withstand heavy loads. Trusses can be seen in the roofs of large stores, in bridges, and in football stadiums—among countless other places.


What exactly is a truss? What’s the simplest way to construct a truss? Who uses trusses and for what purpose? What are trusses made of?


A truss is a two-dimensional structure (a plane) made of straight segments of wood or metal connected together to form triangles. In terms of stability and strength, a triangle can keep its shape under a heavy load better than a square can. In the following diagram, you can see how a load on the triangle is distributed through its sides such that the structure of the triangle holds its shape firmly and doesn’t collapse.


[image: 9781507200643 truss1]


In contrast, when a square structure is loaded, the square will change its shape into a rhombus where its angles are no longer right angles, as shown in the next diagram. Such a structure doesn’t hold its shape, and it collapses when loaded.


[image: 9781507200643 truss2]


One way a square can be supported so that it doesn’t lose its structure is to connect the two opposite corners with a diagonal line, turning the square into two triangles, as shown in the following diagram. This demonstrates how essential the shape of a triangle is in building stable structures.


[image: 9781507200643 truss3]


A truss is made of connecting triangles. The simplest such truss can be constructed of two adjacent triangles that have a connecting line on top, as shown here.


[image: 9781507200643 truss4]


Such a truss is historically known as a Warren truss. The shape of this truss was patented by the British engineer James Warren in 1848. When many of these triangles are connected to form a longer truss, they can be used in building a bridge, as shown in the following diagram.


[image: 9781507200643 truss5]


Another example of the support abilities of triangles can be seen in the wings of old propeller biplanes. The wings of many of those planes were stacked on top of one another, supported by trusses.


[image: 9781507200643 truss6]


Here’s an easy way to construct a truss at home.


Materials Needed:



	15–19 Popsicle sticks


	Glue gun


	Glue sticks (for glue gun)



Procedure:



	Assist your child in using the glue gun. Ask her to form a triangle by gluing together the ends of 3 Popsicle sticks, as shown in the following diagram. [image: 9781507200643 truss7]



	Using the glue gun, have your child attach a fourth Popsicle stick horizontally at the top corner of the triangle, as shown in the next diagram. [image: 9781507200643 truss8]



	Next, have your child glue a fifth Popsicle stick diagonally to form the second (upside-down) triangle.


	Have your child glue a sixth Popsicle stick horizontally on the bottom. Ask her to continue to repeat the steps of adding a diagonal then a horizontal stick each time, until she uses all 15 sticks. If she is excited about making a longer truss, she can use all 19 sticks.



When your child is done gluing all the sticks according to the diagram, ask her what kind of truss she now has. Does it look like a famous truss that is named after someone? Of course, it is a Warren truss, as described earlier.


There are other types of trusses besides the Warren truss. Other known trusses are shown in this next diagram. Try to spot all the triangles in each truss. Some trusses use equilateral triangles, like the Warren truss. Other trusses use right-angle triangles, like the Howe and the Pratt trusses. There’s also the K truss, which uses triangles making the shape of the letter K. [image: 9781507200643 truss9]


There are many other types of trusses, most of which you can see via a simple Internet search.


Architectural and civil engineers rely heavily on trusses in constructing buildings, bridges, towers, etc. They understand the usefulness of those sturdy triangles for construction purposes.



STEM Career Choices


Civil Engineer


Civil engineering is the oldest of the engineering disciplines. A civil engineer designs and builds construction projects. This includes roads, bridges, dams, buildings, airports, tunnels, railway systems, water supply systems, and wastewater treatment plants. Civil engineers also work on projects such as designing facilities for disposal of hazardous waste and building diversions to control floods. Civil engineers also supervise and maintain construction projects.


Civil engineers work both indoors and outdoors. They are often found at construction sites supervising and monitoring operations, and solving any problems that may arise at the site. Civil engineers learn a lot about soil mechanics because they have to work with soil directly—for example, when building foundations. 



ACTIVITY: Building a Bridge


Seeing a bridge is a common, everyday occurrence for most people. When crossing a river or any waterway, you have to drive on or walk along a bridge. You might even walk along a people bridge constructed between buildings in a large hospital or company complex.


Bridges are often supported by trusses. As discussed in the previous section, a truss is a structure formed of connected segments of triangles, usually made of a material such as steel or wood. A truss is most commonly two-dimensional, meaning flat, like a board. In order to construct a bridge—which is three-dimensional—many trusses are incorporated into the bridge design.


Regardless of the kind of bridge—its style, its purpose, whether it supports people or vehicles—all truss bridges rely on trusses to support their load-carrying structures.


The simplest design for a truss is the Warren truss. Although the design of such a bridge is simple, it still can hold a large load. You can build a simple bridge by constructing two Warren trusses and a walkway. In order to find out how strong your bridge is, you’ll need a luggage scale to test how much force your bridge can support.


Materials Needed:



	Bag of Popsicle sticks


	Glue gun


	Glue sticks (for glue gun)


	Bag of cable ties


	Scissors


	Digital luggage scale


	2' length of twisted nylon rope 1⁄2" in diameter



Procedure:



	Assist your child in using the glue gun. Ask him to form a triangle by gluing together the ends of three Popsicle sticks, as shown in the diagram. [image: 9781507200643 truss7]



	Using the glue gun, have your child attach other Popsicle sticks, one at a time, in the order of the numbering shown in the diagram. Tell him to add the sticks with care, making sure the top horizontal sticks and the bottom horizontal sticks line up along as straight a line as possible. [image: 9781507200643 bridge1]



	Ask your child to glue together as many as 19 sticks following the pattern described, until his truss looks like the one in the next diagram. [image: 9781507200643 bridge2]



	Tell your child to assemble the same shape truss again, using the same number of sticks. He should have two such Warren trusses that will form the sides of his bridge when he finally assembles it.


	Now it’s time for your child to make the bottom walkway of the bridge. Ask him to glue together 4 Popsicle sticks in one long straight line. Have him make two such long lines of sticks.


	Tell your child to set the two long lines of sticks on the table parallel to each other, so that the distance between the two lines is the length of one Popsicle stick.


	Ask your child to place more Popsicle sticks perpendicular to the two long lines in such a way that they look like a ladder, and to secure them in place with glue. Lay the perpendicular sticks very close to each other, so that they are about 1⁄4" apart.


	Now have your child reinforce the bottom walkway with diagonal Popsicle sticks, as shown in the diagram. Remind him to secure the additional Popsicle sticks in place with glue. [image: 9781507200643 bridge3]



	Tell your child to place diagonal Popsicle sticks along the entire length of the bottom walkway.


	It’s now time to assemble the bridge. Tell your child to place the Warren trusses he built earlier along either side of the bottom walkway. Let the top lengths of the two trusses touch, like the two sides of a house roof meet to form a triangular shape.
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