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  Dedication

  I have been teaching college-level physics for nearly three decades. Over that time I have continually improved my college teaching practice by observing and working with many talented elementary and middle school science teachers.

  This book is dedicated to all of you.
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  Preface

  This book is primarily for elementary and middle school inservice and preservice teachers who are already familiar with constructivist methods in science education, including inquiry-based teaching strategies, formative assessment techniques, and the design of lesson plans consistent with state and national science standards. While such teaching methods are not addressed in this book, at least not directly, familiarity with such methods would definitely complement the more practical focus of this book. This is a nuts-and-bolts resource book for the elementary or middle school teacher who is looking to design or is in the process of designing lesson plans or units in specific areas in physical science. This book would also be a valuable resource for home-schooling parents or guardians who are looking to augment or develop science lessons at home with a greater emphasis on hands-on activities and relevant examples from the everyday world. This book may also be of value to the high school physics teacher who is looking to extend his or her repertoire of classroom demonstrations and real-world examples in topic areas often taught at the secondary level.

  Each chapter presents succinct descriptions of the physical science concepts. This narrative is followed by a description of many engaging activities that illustrate those concepts. This in turn is followed by a list of interesting everyday examples that support and complement those activities. I feel that the activities and everyday examples are essential to constructing an understanding of the concepts. Each chapter ends with a circus of activities that could be used to initiate the unit and some sample investigable questions that could be used to begin a full cycle of inquiry.

  This book is not a set of lesson plans, nor does this book give any kind of prescriptive, day-to-day teaching outline. The unit design and teaching methodology, as they should be, are in the capable hands of the classroom teacher. This was done purposefully so the classroom teacher would not feel constrained by a single delivery system and could choose a variety of uses for the book’s contents within his or her teaching style and context.

  This book addresses five specific areas of physical science (Motion and Force, Fluids and Buoyancy, Waves and Sound, Light and Electromagnetic Waves, and Electricity and Magnetism) with dozens of suggested classroom activities, an extensive list of everyday examples, some ideas for initiating the unit, and sample inquiry questions—all of which can be mixed and matched to form a complete unit.

  This book has emerged in response to the specific needs of classroom teachers and method students who are faced with the challenging task of putting together a physical science unit. Indeed, it is an outgrowth of two decades of professional development work with hundreds of preservice teachers, classroom teachers, and school administrators. From the beginning, these professional development efforts, often supported by major grants from the National Science Foundation, focused on the “big ideas” in K–8 science education. We articulated and modeled an inquiry-based pedagogy (Harlen, 2001; Saul & Reardon, 1996) to support the development of physical science concepts, science process skills, and the dispositions of science. We developed and practiced innovative formative assessment techniques (Carlson, Humphrey, & Reinhardt, 2003) that were consistent with the inquiry approach and concept formation. And we revealed the many ways the National Science Education Standards (National Research Council, 1999) supported our focus on science concept development, authentic inquiry, and formative assessment. But this was not enough. At the same time teachers and future teachers were reading about, practicing, and getting excited about the big ideas in K–8 science teaching, learning, and assessment, they were also facing the more down-to-earth and always difficult task of actually designing science units and lesson plans for their classrooms. This book is more about the latter and less about the former.

  To be more specific, this book is the answer to the following questions that arise when the actual task of planning a unit begins:

  •   Where should I go to review (or learn) the important physical concepts (content) that should be addressed within this topic?

  •   Where should I go to find a variety of appropriate and engaging hands-on activities that can help reveal those important physical concepts?

  •   Where should I go to find some everyday examples of the concepts in the natural and person-made world around me to help elucidate the physical concepts?

  •   Where should I go to find an activity or activities that I might use to invite my students into the unit (an invitation to learn)?

  •   Where should I go to find some sample investigable questions that students might pursue when participating in the cycle of inquiry?

  The organization of this book follows directly from the five content areas. For each area, a synopsis is given of the fundamental physical concepts. The synopsis is in narrative form and nonmathematical, with emphasis being given only to those concepts that are fundamental to the topic area. It is hoped that when this narrative is combined with the many activities and everyday examples, the full meaning and explanatory power of the concepts will become apparent. The pedagogical strategy of integrating concept description with multiple activities and numerous everyday examples can lead to a deeper understanding of the concepts. Indeed, the delight that comes from “seeing the unity” that the concepts provide by explaining diverse experiences and everyday examples can be intellectually stimulating and make the learner eager for more (Prigo, 1994).

  The list and description of each of the activities will be limited to those activities that satisfy the following criteria:

  The materials needed to set up the activity are relatively easy to obtain. In those cases where specific items may be more difficult to obtain, suggestions will be given for an appropriate vendor.

  The concept is clearly displayed in the activity. An activity that may confuse or display outcomes that hinder insight into the particular concept is not included.

  The activity can be made developmentally appropriate. Adjustments will be needed for various grade levels, but most of the activities can be made appropriate for elementary and middle school classrooms.

  The activity is inviting and engaging. The students will be attracted to the activity and readily engage with the materials.

  The activity is ripe for further investigation and inquiry. When manipulating the materials, new ideas and further questions will come to mind and lead to further investigations.

  Following the activities section, the “Everyday Examples” section presents a laundry list of various situations where the concept is revealed in the world around us. These examples are taken from the workings of the natural world as well as from specific human applications. Combining these everyday examples with the hands-on activities helps to authenticate the concept and reveal its power by unifying diverse phenomena and experiences. While most of these examples come from processes in the natural world around us, many will also be cited from the worlds of sports, medicine, engineering, the backyard, and the habits of our daily lives.

  A wonderful way to invite students into a new science unit is through what I fondly call the “concept circus” format—the name and idea are borrowed from Wynne Harlen (2001). A circus involves a set of activity stations set up “around” (hence circus) the classroom. Each station contains a question or questions that students, working in small groups, respond to in the process of performing the activity. The circus provides a fun way to initiate the unit and to find out what knowledge and preconceptions students are bringing to the unit. Instead of a circus, the teacher might choose to use some of these activities as teacher demonstrations to initiate discussion or may choose to have all students perform the same activity followed by discussion. Some of the activities (and everyday examples) might be used periodically for clarifying particularly challenging conceptual situations. Other activities (and everyday examples) might be held back for assessment purposes. A number of these activities can also be used by students later in the unit when they are designing and testing their own investigable questions. A sample circus, including station questions, will be given for each of the five content areas.

  The circus section will be followed by a list of sample inquiry questions that students may want to investigate further and in more depth. Only questions that lend themselves to investigation within the limits of classroom supplies are suggested. These so-called investigable questions can be pursued as part of the authentic inquiry part of the unit. Of course, it is hoped that students will be able to generate their own inquiry questions and participate in the full cycle of inquiry, but these sample questions may help to begin that process. Generating questions that can be successfully investigated is indeed one of the most difficult aspects of doing science. It can also be the most rewarding, where students take ownership of their questions, participate fully in the process of doing science, and become scientists themselves.
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  Motion and Force
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  INERTIA AND NEWTON’S FIRST LAW OF MOTION

  Concepts

  All material objects are stubborn in two senses of the word. On the one hand, an object at rest (not moving at all) tends to remain at rest. Examples of this aspect of the concept of inertia are all around us—a book resting on a table, a house resting on the ground. On the other hand, an object moving in a straight line with constant speed (not increasing or decreasing its speed and/or turning) tends to remain moving in the same straight line with the same constant speed. Examples of this aspect of the concept of inertia are a little harder to identify—a spaceship drifting in interstellar space far from gravitating objects, a hockey puck moving freely across the ice. These two tendencies make up the concept of inertia. Historically, recognizing this duality was a key to unlocking our present understanding of motion. The scientists most responsible for its discovery and clarification, respectively, were Galileo (1564–1642) and Newton (1642–1727).

  An object with a larger quantity of matter (say, a jumbo jet) possesses more of these tendencies—that is, possesses more inertia than an object with a lesser quantity of matter (say, a Ping-Pong ball or other table-tennis ball). In other words, both a jumbo jet and a Ping-Pong ball at rest tend to stay a rest, and both a jumbo jet and a Ping-Pong ball moving in a straight line with constant speed tend to remain doing that, but the jumbo jet has much more of these two tendencies than the Ping-Pong ball. The jumbo jet is said to have more mass, mass being the quantitative (numerical) measure of inertia.

  Mass is also a measure of the amount of “stuff” (matter) that makes up an object. In other words, the mass value for an object gives a numerical value for the quantity of matter as well as for the tendency an object has to remain at rest and for the tendency an object has, if moving in a straight line with constant speed, to remain doing that. In the metric system of units (International System of Units), mass is measured in kilograms (kg).

  Mass is a distinct concept from and more fundamental than weight. Weight is a measure used to quantify the strength of the gravitational force of attraction an object experiences when in the vicinity of the earth, moon, or any other astrophysical body. In other words, weight is a gravitational force and not a measure of inertia. For example, out in interstellar space, far away from any gravitating astrophysical body, a jumbo jet and a Ping-Pong ball would both be weightless (would have the same weight of zero) but would still possess greatly different amounts of inertia. In fact, each would have the same amount of inertia (each would have the same mass value) they had on earth or anywhere else, for that matter. Weight (gravitational pull) depends on locality; mass (inertia, stuff) does not. In the metric system (International System of Units), weight is measured in newtons (N). Near the surface of the earth, a 1.0-kg object weighs about 9.8 N or about 2.2 lbs.

  The concept of inertia sets the default for motion. When there is no force on an object, or the net force on an object is zero (the concepts of force and net force will be examined later), the object will be moving in a straight line with constant speed (the speed could be zero and the object not moving). In other word, objects do not need any cause to keep moving in a straight line with constant speed. That is just the way it is. This is the default of nature. As we will see later, forces are responsible for changing motion (speeding up, slowing down, and/or turning) but are not needed for straight-line, constant-speed motion. If you could snap your fingers and turn off all the forces in the universe, you would see all the fundamental particles that are the building blocks of matter moving in straight lines with constant speeds.

  Indeed, the concept of inertia is the backdrop against which all motion is played out. It is absolutely fundamental to our understanding of motion. Unfortunately, we live in a world dominated by electrical and gravitational forces, so it is natural that children possess the misconception that forces are needed for motion. Indeed, many children hold the misconceptions that constant motion requires a constant force, and that if an object is moving there is a force on it in the direction of its motion, with the amount of motion being proportional to the amount of force (Gunstone & Watts, 1985).

  Forces are not required to maintain motion. Straight-line, constant-speed motion just happens on its own without the need for any external agents. Forces (external pushes and pulls) cause a change in motion. To be discussed later in more detail, forces cause objects to accelerate (speed up, slow down, and/or turn corners).

  The concept of inertia is clearly articulated in Newton’s First Law of Motion, often called the Law of Inertia: When there is no force on an object or when the net force on an object is zero, the object will be either at rest or moving in a straight line with constant speed. The law also works in reverse: If an object is at rest or is moving with constant speed in a straight line, you can conclude either that no forces are being exerted on the object or that the net force on the object is zero.

  Before closing on this topic, some interesting extensions of Newton’s First Law of Motion must be mentioned, not because they are developmentally appropriate for the student, but only because they should be of philosophical interest to the teacher. The fact that being at rest and being in motion in a straight line with constant speed are equivalent, in the sense that no forces are need for these types of motion, led Einstein to conclude that there is no way to know whether something is actually moving or not. You can feel only acceleration, motion that is changing. In other words, there is nothing you can do and no experiment you could perform to know whether you are absolutely at rest or moving in a straight line with constant speed. Consequently, Einstein argued that the absolute motion of an object through a fixed space is just a false construction of the human mind. There is no such thing as absolute motion and absolute space. This thinking led him to conclude that all motion must be relative. You can reference the motion of an object relative to some other object (e.g., the earth moves relative to the sun or a car moves relative to the road), but the absolute motion of an object in some fixed and absolute space does not exist. These ideas, along with some additional reasoning about the speed of electromagnetic radiation, eventually led to the knowledge that both space and time are also relative concepts and to the equivalence of mass and energy, cornerstones of Einstein’s Special Theory of Relativity.

  Activities
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  Bowling Ball Versus Nerf Ball: You will need to obtain a bowling ball (more mass and inertia) and a Nerf ball or beach ball (with much less mass and inertia). Place each ball at rest on the ground in front of you. Hit each with a yardstick like you would hit a golf ball. Observe that the bowling ball does not move or moves very little (more tendency to stay at rest) and that the Nerf ball moves quickly away (less tendency to stay at rest). Next, get each ball rolling across the classroom floor and try to stop each with the yardstick. Observe that it is very easy to stop the Nerf ball (less tendency to keep moving) and very difficult to stopped the bowling ball (more tendency to keep moving).

  Pendulums: You will need to obtain a variety of balls of various masses (from Styrofoam to steel) that can be hung from individual strings. You will also need to obtain a rubber-tipped dart gun (from your local toy store) and a drinking straw. With the pendulums hanging side by side, shoot each one in turn with the dart gun. Note the motions. The more massive ball will move the least and the least massive one the most. If you want, you can then weigh the balls on a scale to determine their masses to see if you ordered them properly. Instead of using the dart gun, you can “push” on the balls by blowing air at them through a straw. You can also set the pendulums swinging and try to stop them with a dart gun or by blowing air. The more massive pendulum should be harder to bring to rest. You might investigate other ways of providing a controlled push on the pendulums beside the dart gun and blowing air.

  Ball on a Truck: You will need to locate a toy truck (or any flatbed cart), a metal ball (or any ball with a reasonable amount of mass), and a small piece of putty. Rest the ball in the center of the toy truck on a small piece of putty. The putty is used to fix the ball to the bed of the truck in order to keep it from initially rolling around inside the truck. It is important that the putty barely keeps the ball fixed to the truck. Move the truck forward quickly and observe that the ball wants to stay where it was (relative to the ground) and hits the back of the truck. An object at rest tends to stay a rest. Repeat, but now ease the ball and truck into motion, with the ball moving along with the truck and still stuck to the truck. Stop the truck suddenly by running it into some object (say, a wall). Notice that the ball has a tendency to keep moving in a straight line and hits the forward part of the truck. Repeat, but this time, as the truck and ball are moving together, turn the truck in a sharp circle. Notice that the ball still tends to move in a straight line and hits the side of the truck. You might try this activity using a smooth block (no putty needed) in the truck, instead of with a ball. You might also try scaling up these activities by using a push cart, the kind used for moving supplies around the school, and a larger ball (e.g., a basketball).

  Marker Pen Person on a Cart: You will need a marker pen (like a Magic Marker) and a flatbed cart. Balance the marker pen vertically in the center of the cart so it simulates a person in a car. In other words, the maker pen is standing straight up, balanced on its bottom. With your hand, thrust the cart forward and watch the maker pen fall backward. Relative to the ground, the marker pen has a tendency to remain at rest and falls backward. Now repeat, but this time ease the cart into motion—making sure that the pen does not fall over—and run it into some object (like a wall). Observe now that the maker pen falls forward. A marker pen in motion tends to stay in motion. Like the previous activity, this activity is very useful for illustrating the role of seat belts, air bags, padded dashboards, headrests, and child safety seats in automobiles and other vehicles.

  Ramp and Slider Investigation: You will need to collect a set of small balls of approximately the same diameter but with different masses. You will also need to construct a ramp (say, from a Hot Wheels track or with a grooved ruler) that runs down to the floor. Position a catcher-slider (anything, like a paper cup, that can catch a ball and slide across the floor will do) on the floor a few inches from the bottom of the ramp. From the same height on the track, release each ball in turn down the ramp and into the catcher-slider. Observe or measure how far the slider moves in each case. The more massive balls have more inertia and tend to keep on moving more than the less massive balls. Other versions of this activity would change the mass of the catcher-slider and/or change the surface over which the catcher-slider slides. Instead of using the slider, you can set up a row of cards (bent to stand up) in front of the ramp and see how many cards each ball can knock over.

  Stack and Pull: You will need to cut a two-by-four into seven or more eight-inch-long blocks or locate some wood blocks of similar size. You will also need to sandpaper these blocks smooth. Attach a screw eyelet to one of the blocks in the middle of one of its narrow ends. Stack the blocks directly on top of each other, with the eyelet block at the bottom. Using a string attached to the lower block’s eyelet, pull that block quickly out from under the others. Be careful; do not pull the block so hard that it flies into your hand or body or something else in the room. As in the previous activity, the stack of blocks will tend to remain at rest and will not fall over and will remain stacked. You might try different arrangements, like standing some of the blocks vertically or inserting the eyelet block at different places in the stack. Blocks at rest tend to stay at rest.

  Stack and Shoot: You will need to locate some circular-shaped playing pieces from a backgammon game. The pieces must be smooth and without ridges (ridged checkers will not work). Stack the pieces (10 or so) on top of each other on a smooth table or floor. Take another piece and, with a flick of a finger, send it across the table toward the bottom piece in the stack. A direct hit will flip out the bottom piece in the stack while the others will fall down in place and remained stacked. The stack of pieces tends to stay at rest. Another version of this activity places a small strip of paper under the stack. The paper can be pulled out quickly without toppling the stack.

  Dollar Bill Trick: You will need to locate two plastic water bottles, both filled with water and sealed tightly. You can also use empty soda bottles filled with sand and sealed with a smooth cap. Take a dollar bill and place it between the two bottles balanced on each other, cap-to-cap. In other words, the dollar bill is sandwiched between the two bottles, which are precariously balancing cap-to-cap. One edge, not the middle of the dollar bill, should be between the bottles. Try to pull out the dollar bill quickly without upsetting the balance. One technique that works well is to hold the dollar bill straight out from the bottles with one hand and then quickly karate chop downward with the index finger of the other hand in the middle of the dollar. A bottle at rest tends to stay at rest.

  Tablecloth Pull: You will need to locate a smooth piece of cloth (a piece of silk works well) to act as your tablecloth. There should be no seams around the edges. You will also need to locate a set of dinnerware (smooth plate, cup, etc.) and a very smooth table with a sharp edge. Place the tablecloth partway on the table, no more than a foot and a half from the table’s edge. Allow the rest of the tablecloth to hang to the floor. Again, make sure the table has a sharp edge and the tablecloth has no edge seam. Set the table. Grab the cloth with both hands in the middle of the cloth hanging to the floor. Pull it quickly downward. The table setting should remain at rest.

  Jar and Screw Trick: For this barroom trick, you will need to locate a small-mouthed jar and a flathead screw. You also need to construct a plastic ring about six inches in diameter out of a half-inch strip of flexible plastic. Balance the plastic ring on top of the small-mouthed jar with the plane of the ring vertical. Then balance the screw on top of the ring directly above the mouth of the jar. Swipe out the ring with your finger and watch the screw fall into the jar. You must swipe it from the inside of the ring to the outside to make this work. A screw at rest tends to stay at rest.

  Inertia Apparatus: You will need to buy this inexpensive inertia apparatus from a science supply house (Inertia Demonstrator, Sargent-Welch). A small piece of cardboard is placed on the apparatus and a ball is placed on top of the cardboard. A flipper mechanism flips the cardboard out from under the ball and the ball remains on the apparatus after the cardboard has been ejected. A ball at rest tends to stay at rest.

  Coin and Finger Trick: This is another version of the previous activity, but does not require a commercial apparatus. You will need to cut out a one-and-a-half-inch square piece of thin, smooth cardboard. The thin cardboard from the back of a pad of paper works well. Place the piece of cardboard on the pad of one of your middle fingers. Balance a quarter on top of the cardboard and above your finger. With the middle finger of your other hand, flick out the piece of cardboard without hitting the quarter. The quarter should remain balanced on your finger. A quarter at rest tends to stay at rest. This activity may take a little practice to perfect.

  Balloon Puck Fun: You need to buy some inexpensive “balloon pucks” from a science supply house (Puck Set, Carolina Science and Math). These plastic pucks can be lifted off a smooth surface by the balloon that directs air underneath the puck’s bottom surface. This provides a cushion of air that greatly reduces the friction between the puck and a smooth table or floor. As long as the balloon is exhausting air, the puck acts like a hovercraft. When launched across a smooth and level table or floor, the puck tends to glide in a straight line with relatively small deceleration. A puck in motion tends to stay in motion.

  Toy Hovercraft: You can now buy a relatively inexpensive toy hovercraft from a science supply house (Kick Dis-Air Puck, Educational Innovations). When launched across a smooth level floor, the hovercraft will continue in a straight line at relatively constant speed.

  Rotating Table and Pickle Play: You will need to buy a rotating table from a science supply house for these activities (Rotating Platform, Arbor Scientific). A lazy Susan might also work. You will also need a ball (steel ball works best) and a jar of pickles (with pickle juice). Place the ball on the table about halfway out from the center. Rotate the table with your hands back and forth and watch the ball attempt to stay in place. A ball at rest tends to stay at rest. Now attach the ball to the table with a small piece of putty a few inches from the edge of the table. Use just enough putty to keep the ball in place. Ease the table and ball into motion so that the ball is rotating along with the table. Stop the table abruptly and watch what happens to the ball. A ball in motion tends to say in motion and should move off the table in a straight line, tangent to the circle. Place a sealed jar of pickles (with pickle juice) at the center of the rotating table. You will need to remove a few of the pickles from the jar so the pickles in the jar can rotate around freely with the juice. Rotate the table back and forth with your hands. Observe what happens or doesn’t happen to the pickles inside the jar. Pickles at rest tend to stay at rest. Now rotate the table steadily in one direction until the pickles and juice start to rotate along with the jar and table. Once the pickles and pickle juice are in motion, reach out and grab the pickle jar with both hands and pick it off the table. Observe the subsequent motion of the pickles. Pickles in motion tend to stay in motion.

  Raw Versus Hard-Boiled Eggs: You will need a raw egg (in its shell) and a hard-boiled egg (still in its shell). On a smooth table, spin the hardboiled egg on its side. Stop the egg momentarily by pushing down on it with a couple of fingers and then releasing. The hard-boiled egg will stop spinning. Now repeat with the raw egg. Once released, the raw egg inside the shell will continue to spin some more. The raw egg in the shell in motion tends to stay in motion. See “Rotating Table and Pickle Play,” above. This is a good way to tell a raw egg from a hard-boiled one when you are not sure which is which.

  C-Shaped Track: You will need to construct a C-shaped wall or barrier on a smooth and flat table. The wall can be made out of a piece of cardboard bent into the shape of a C and fixed to the table with tape. A ball is then made to move against the C-shaped wall, following its curve. The activity is to predict, once the ball leaves the C-shaped path and when the force of the wall is no longer acting on the ball, what path it will follow on the table. Students can predict the path by drawing the anticipated path on a sheet of paper fixed to the table. When the net force on a ball is zero, the ball already in motion will continue in motion in a straight line at constant speed.

  Everyday Examples
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  Parachute Brakes: Dragsters, some jet planes, and the Space Shuttle have parachutes to help them stop. Dragsters and aircraft have lots of inertia (large mass), and once in motion really tend to stay in motion.

  Car Inertia: If you are in a car that suddenly accelerates from a stop, your head and body seem to move backward for a moment. An object at rest tends to stay at rest. When you are in a car that is moving along and suddenly decelerates, your head and body seem to move forward. An object in motion tends to stay in motion. When you are in a car that is turning a corner, your head and body seem to move toward the outer side of the car. An object moving in a straight line with constant speed tends to remain doing that.

  Whiplash: When a parked car is suddenly hit from behind by another car, a passenger in the parked car can suffer whiplash, where the upper spine is bent backward. A head at rest tends to stay at rest. Headrests in cars are safety features used to avoid whiplash.

  Seat Belts, Airbags, and Padded Dashboards: Seat belts, shoulder straps, air bags, and padded dashboards save lives. People in motion tend to stay in motion.

  Airplane Flight: When you are inside an airplane that is cruising in a straight line with constant speed, you do not even know you are moving. In fact, there is nothing you can do inside the airplane to know whether or not you are moving. Everything inside the plane is in motion and no forces are needed to maintain the motion of these objects. But when an airplane accelerates during takeoff or decelerates during landing, please fasten your seat belt.

  Airport Runways: Runways for large jumbo jets are very long. Jumbo jets are very massive with lots of inertia; thus it is difficult to get them up to takeoff speed and difficult to bring them to rest when landing.

  Oil Tankers and Tugboats: An oil tanker full of oil is very massive, so it takes both a long time and distance for it to stop after the engines have been turned off. Once in the harbor, large ships require tugboats to help them stop, turn, and dock.

  Magazine Pull: To get the bottom magazine out from under a large stack of magazines, you can apply a quick jerk to the bottom magazine without disturbing the magazines on the top. Magazines at rest tend to stay at rest.

  Tightening a Hammerhead: One way to tighten a loose head of a hammer is by striking the base of the handle on a solid surface. A hammerhead in motion tends to stay in motion.

  Slip-n-Slide: Sliding on a Slip-n-Slide gives a long ride. With the water film reducing the frictional force, your body in motion tends to stay in motion.

  Curling: In the sport of curling, a “stone” is released on a flat surface of ice and tends to move in a straight line with constant speed.

  Sand Off a Towel: You can get sand off a towel by snapping the towel. This is done by first getting the sand and towel in motion, and then stopping the towel suddenly. The sand stays in motion and flies off the towel.

  Water Off a Dog’s Back: A dog shaking water off its back is much like getting sand off a towel. The dog gets the water and its back in motion, and then stops its back and there goes the water.

  Water Off a Brush: Shaking a wet paintbrush to remove water is like the dog getting water off its back. Get the water and brush in motion, then stop the brush and there goes the water.

  Ketchup Bottle: You can get ketchup out of a ketchup bottle by first moving the bottle and ketchup toward the food and then stopping the bottle. The ketchup keeps moving.

  Ice Skating, In-Line Skating, and Skateboarding: Ice skating, in-line skating, and skateboarding are fun because once you get moving, you tend to keep on going.

  Icy and Wet Roads: Driving on an icy or wet road can be dangerous because once you get moving, with less friction to stop you, you tend to keep moving in a straight line.

  Out of Bounds: As you race to keep the ball from going out of bounds in various sports, it is difficult to stop yourself before going out of bounds. Athletes in motion tend to stay in motion.

  Subway Surfing: Standing on a bus, train, or subway ride can be tricky. When starting, stopping, or turning, you must hold on, but when you are moving in a straight line with constant speed, you do not need to hold on.

  Skateboarding: Bumping into a curb while skateboarding can be dangerous. Skateboarders tend to stay in motion and fly forward.

  Horse Jumping: In a horse-and-rider jumping event, sometimes you see the horse suddenly stop before the hurdle and the rider continue his or her motion over or into it.

  Bucket of Water: It is possible to fill a bucket with water (or with something else) and whirl it in a big vertical circle over your head without spilling the water. The bucket continually deflects the water from its tendency to move in a straight line.

  Ice Trays: When carrying an ice tray filled with water from the sink to the refrigerator, you often spill water out of the back of the tray when you first begin your movement from the sink. Water at rest tends to stay at rest. When you end your movement at the refrigerator, you often spill water out the front of the tray. Water in motion tends to stay in motion. But you do not often spill the water in the middle of your journey.

  Cup Holders and Lids: Liquid in a cup at rest in your car wants to remain at rest; consequently, when you accelerate quickly, the cup of liquid would fall backward if it were not for the cup holder. Liquid in a cup in your car moving in a straight line with constant speed wants to remain doing that; consequently, when a car suddenly decelerates, the cup of liquid would fly forward if it were not for the cup holder. If it were not for the cup holder, when the car turns a corner, the cup of liquid would fly forward and toward the outside edge of the turn, maintaining its straight-line motion. Cup lids are useful for keeping the liquid from sloshing out of the cup for the same reasons.

  Packages in Your Car’s Trunk: You place a loose package in the trunk of your car. Similar to the last couple of examples, when you accelerate the car forward, the package hits the back of the trunk. When the car is moving and you hit the brakes and decelerate, the package hits the front of the trunk. When you turn a corner, it hits the side.

  Trucks: When riding in the back of a truck (not advisable), you should sit with your back up against the cab. When transporting objects in a truck, you should tie them down to the bed. If you cannot tie them down, then place them up against the cab wall. In this case, they will still tend to move a little when the car accelerates forward or turns a corner. Never allow a dog to ride in the back of a truck.

  Bowling: In bowling, it is important to run up before releasing the ball. A ball in motion tends to stay in motion.

  Long Jumpers: Long jumpers run quickly before they jump. A jumper in motion tends to stay in motion.

  Pizza Oven: To get a pizza into a hot oven, the pizza person moves a large spatula with a pizza on it toward the open oven, then stops spatula, and the pizza keeps moving (a pizza in motion tends to stay in motion). To get a pizza out of a hot oven, the pizza person shoves the spatula quickly under the pizza (a pizza at rest tends to stay at rest) and then draws the pizza and spatula slowly out.

  Toilet Paper and Paper Towels: In removing a piece of toilet paper from a fresh roll of toilet paper or a paper towel from a fresh roll of paper towels, a quick jerk tears the paper better than a slow pull. A roll of paper tends to stay at rest, especially when the roll is fresh (more mass).

  Earth’s Rotation: The earth and other heavenly bodies just keep spinning, no external force is necessary. Rotating objects are said to possess rotational inertia.

  Cartoons: A common scene in many cartoons shows a character maintaining speed in a straight line, usually going through objects (barns, haystacks, etc.) in the process.

  Movies and TV Shows: Many movies and TV shows contain scenes where the concept of inertia is either displayed or misrepresented.

  FUNDAMENTAL FORCES AND NEWTON’S THIRD LAW OF MOTION

  Concepts

  Forces are everywhere. This is especially true of the gravitational force. Through the gravitational force, my body is pulled to the earth (and the earth is pulled to my body), the earth is attracted to the sun (and the sun is attracted to the earth), and our sun is attracted to our galaxy of stars (and the galaxy is attracted to our sun). These are manifestations of the fundamental gravitational interaction through which all masses, from particles as small as the electron to objects as large as galaxies, attract each other. The Universal Law of Gravitation (Isaac Newton, 1642–1727) posits that a particle with mass attracts any other particle with mass. The strength of the attraction (the force) is the same on both masses and is proportional to the masses of each particle (actually, to the product of the two masses) and grows weaker with increased distance between the particles (actually, as an inverse-square law). Except maybe in the early universe, gravity only pulls, never pushes. Gravity is an attractive force.

  The electromagnetic force is also everywhere. Through the electromagnetic force, electrons bind to nuclei to form atoms, atoms bind to other atoms to form molecules, and molecules bind together to form solids and liquids. Indeed, this force holds most objects together. But this force can also repel objects. The reason that a chair can hold me up is a result of an overall electrical repulsion between my bottom and the chair seat (the repulsion is mutual, the chair exerts an electrical force on me and I exert an equal electrical force back on the chair). Indeed, essentially all contact forces (objects touching or hitting each other) that we see around us are fundamentally electromagnetic in nature. Friction is an electromagnetic force resulting from the creation and breaking of electrical bonds between two surfaces that have been pushed together (often pushed together by the gravitational force). Electromagnetic forces can be both attractive (pulling) and repulsive (pushing).

  The two remaining fundamental forces, the strong force and weak force, while central to our understanding of processes at the subatomic level, do not manifest themselves directly in the macroscopic world in which we live.

  All forces in nature, whether at the fundamental level or when manifested at the macroscopic level, share a beautiful symmetry property: all forces come in pairs. There is no such thing as a single force. What’s more, the pairs are of equal strength and always oppositely directed. It is important to note that these force pairs are always exerted on different objects. For example, when I push on a wall with my hand (force exerted on the wall), the wall exerts an equal and opposite force back on my hand (force exerted on my hand). These force pairs are essential in all types of locomotion—walking, jumping, flying, driving, rockets. See the “Everyday Examples” section below for more details.
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