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HOW TO USE THIS BOOK



Barron’s Science 360: Physics is designed for self-learners and for those looking for a comprehensive guide to everything prhysics.


This book includes a number of helpful tools that will reinforce your knowledge of the topics as you learn. You’ll find:


What You Will Learn Each chapter begins with a list of the topics covered. This is a useful tool for categorizing the learning process and for devising a study plan.


Terms and Definitions Important terms are defined where necessary to help guide you through topics successfully.


Examples with Solutions Numerous examples for each topic are included throughout, along with answers to check your progress.


Review Exercises Each chapter closes with review questions that will help determine which topics you have a solid understanding of and which topics you need to revisit.


Online Practice Questions Access to 50 online multiple-choice questions designed to enhance your understanding and to test your knowledge. To access, see the card at the front of the book.


BARRON’S 360 STUDY TIPS


SET GOALS AND OBJECTIVES


As you use Barron’s Science 360: Physics, it is a good idea to set personal goals to chart and direct your learning objectives. A goal is something that you wish to achieve over a period of time. Objectives are short-term targets that help you reach a particular goal. For example, suppose that your goal is to learn how electricity flows through a circuit and how to direct it to where you want it to go or speed it up and slow it down. You can reach this goal by establishing short-term objectives--such as learning how to build a simple circuit and then making one yourself to try it out--that will enable you to successfully reach your long-term goal of understanding more complex circuits with multiple switches and resistors.


CUSTOMIZE YOUR STUDY


Barron’s Science 360: Physics does not need to be studied in a linear fashion. If there is a particular topic that you want to study or reinforce, just turn to that page or chapter, and all the information along with the features mentioned above will be available to you. There are also some things you can do to optimize your study time and ensure you are retaining the important information you want to learn.


Before You Read


•Review: Review all chapter headings and subheadings and the information in the “What You Will Learn” section.


•Scan: Glance over any illustrations, tables, or graphs in the chapter you’ll be reading.


•Locate Terms and Definitions: Read any bold or italicized words and study their definitions.


•Get Ahead of Yourself: Review the Practice Exercises at the end of the chapter and keep them in mind as you study the chapter.


While You Read


•Predict: Try to predict the answers to the questions in the Practice Exercises. This will help flag important information to keep an eye out for as you read.


•Read Aloud: Hearing what is written on the page leads to better comprehension and retention of information.


•Visualize: Developing a picture in your mind of the information, concepts, or material presented makes it much easier to remember.


Highlighting and Note-taking


•Identify Important Facts: Don’t over highlight. This will have the opposite effect and actually negatively impact your ability to retain the information you need to remember.


•Take Notes: Jot down key ideas and concepts you are having a hard time understanding.


•Draw It Out: Sketch out pictures, graphs, diagrams, or tables to help visualize what you’re reading. This is particularly helpful with complex topics.



After You Read the Chapter


•Talk It Out: Summarize what you have learned from the chapter aloud to a friend or a family member. Explain it as if they are learning it for the first time.


•Answer the Questions in the Practice Exercises: Did you need to look them up, or were you able to answer them from memory?


•Reinforce: If you found yourself having to look up the answers to the questions, go back and read those portions of the chapter again until you feel confident moving on to the next chapter.



Good luck!











1 THREE TYPES OF RELATIVITY



WHAT YOU WILL LEARN


•All motion is relative.


•The measures of space and time themselves are relative.


•Space and time are distorted by the presence of energy and mass.


•What the correspondence principle is.




LESSONS IN CHAPTER 1


•Galilean Relativity


•Special Relativity


•General Relativity





1.1 Galilean Relativity


Galilean relativity, also known as classical relativity, is the intuitive sense of the relative nature of motion. If you look at a stationary object outside your window while you are on a moving train, the object appears to be going backward. You intuitively understand that the object is actually standing still while you are moving forward. Only from your point of view does the object appear to be going backward. This idea that motion must be described relative to some arbitrary coordinate system is baked into all of math and physics.


Galilean relativity further supposes that our measurement tools for distance and time remain the same as we change reference points. Look at this in another way. We may all carry around our own graph paper on which to make measurements and our own clocks with which to measure time, but Galilean relativity assumes that the size of the increments on the graph paper are all the same (Figure 1.1) and the ticks of the clock are all the same. All that’s needed to translate one person’s measurements to another frame of reference is to align the origins of each person’s graph paper. (See Section 4.1 for some more details about this process.)


[image: images]


FIGURE 1.1 Euclidean space-time found in Galilean relativity.


1.2 Special Relativity


In 1905, Albert Einstein published a solution to what appeared to be a minor problem in electromagnetism. This new way of thinking about measurements and relative motion would profoundly reshape our thinking about what is really happening in relative motion. The minor problem in electromagnetism was that the mathematics of electric and magnetic fields as embodied in Maxwell’s equations were well verified and considered complete, but they give a specific speed for electromagnetic radiation. In other words, the speed of light did not appear to be dependent in any way on the observer’s own reference frame or coordinate system. This, coupled with recent experiments showing that light did not even need a medium to propagate, brought Einstein to the following two postulates (which seem innocent enough at first).


1.All inertial observers agree about the laws of physics. Indeed, since Newton’s time, all of physics is based on this assumption. The word inertial means motion that is not accelerating.


2.All inertial observers measure the same speed of light (commonly represented by the letter c) with a value just under 3 × 108 m/s. This postulate puts the speed of light on a pedestal among constants: a universal constant that all observers measure to be the same value.


These two postulates are the core of Einstein’s special relativity. (This theory is “special” because it covers only the special case of nonaccelerating observers.) Einstein went on to show that the only way all inertial observers could possibly agree on a common value for the speed of light is if they no longer agree about their measuring units. Rather, careful inertial observers that are traveling at different speeds will notice that the other observer is experiencing length contraction and time dilation. That is, another observer moving past you will appear, to you, to have shortened graph paper (in the direction of motion) and a slower clock (that is, time will go by more slowly for the other observer). That observer, in turn, will observe your own lengths and times to be contracted and dilated as well.


Although this seems like a crazy proposition, the actual amount of this contraction and dilation is dependent on the relative speed’s fraction of the speed of light (which is a big number: 300,000,000 m/s). For this reason, the effects are not very noticeable in everyday light. Specifically, the factor by which time lengthens and distance contracts is given by the following:


[image: images]


As you can see from the factor, as long as the relative speed (v) is much lower than the speed of light (c), the effect is minor. As the relative speed between two observers approaches the speed of light, however, this expression approaches infinity! This effect is one of the reasons why we know objects with rest mass can never reach the speed of light relative to another observer and why all observers measure the same speed of light.


Let’s return to our graph paper and clock analogies. When we look at another observer’s graph paper and clock when that person is in motion relative to us, both the spacing of their graph paper and the ticks of their clock change when compared to our own graph paper and clock (Figure 1.2).


[image: images]


FIGURE 1.2 In special relativity, an observer in motion (primed axes) will agree with neither distance nor time measurements of a stationary observer.


1.3 General Relativity


After resolving how inertial observers must have differing measures of time and space, Einstein turned his attention to accelerating observers. After 10 years of work, he published his findings in what is known as general relativity. As with special relativity, Einstein started with a seemingly mild proposition known as the equivalence principle:


Inertial mass is the same as gravitational mass.


or


Acceleration and the gravitational field are indistinguishable.


When Einstein followed this assertion to its logical conclusion, he came to a startling conclusion. Not only do the measures of space and time change when traveling at different speeds, but also they are warped by the presence of mass and energy. This warping caused by mass is what gravity and inertia are. The little or big “dent” you create in space-time with your mass represents both your inertia (how much you resist changes in motion) and your gravitational influence on objects around you. This major paradigm shift has been tested many times, primarily by looking at the effect that high gravitational fields have on light. In fact, general relativity is one of the most highly tested and verified of all science theories. Later in his life (1952) while reflecting on his amazing discovery, Einstein wrote, “There is no such thing as an empty space. … Space-time does not claim existence on its own, but only as a structural quality of the [gravitational] field.” In other words, to return to our graph paper and clock analogies one last time, the graph paper and clock exist only because gravity exists (Figure 1.3). In light of this, perhaps we should not be so surprised that the graph paper and clock are so malleable.
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FIGURE 1.3 Mass distorts the fabric of space-time in general relativity.


Why are these conclusions of Einstein’s so unintuitive if experiments have demonstrated their accuracy over our intuition? The answer is simply because we live our lives so locally and at such low speeds compared with the scale of gravitational fields and with the speed of light that we get by just fine by ignoring these effects. However, modern physics would be unable to explain how energy comes from fusion in the sun, how galaxies act as giant gravitational lenses, and how magnetic fields are the same as electric fields if it weren’t for both special and general relativity rewriting our assumptions about time and space. It is an important attribute of new, more powerful theories in science that these new theories obey the correspondence principle. The correspondence principle simply states that newer theories should give answers that correspond to the older theories under those circumstances. For example, for low relative speeds, special relativity looks and acts like Galilean relativity. For low-mass objects, the distortion of time and space in general relativity is so minor that it can be ignored, and the flat, classical concept of space and time is a fair approximation.










2 FORCES



WHAT YOU WILL LEARN


•Inertia and how it is measured.


•Common forces and how they affect motion.


•The difference between mass and weight.


•Misconceptions in Newton’s action-reaction law.


•Drawing and using free-body diagrams.


•Solving net force problems.




LESSONS IN CHAPTER 2


•Newton’s Three Laws of Motion


•Types of Forces


•Fundamental Forces


•Free-Body Diagrams and Solving Force Problems





2.1 Newton’s Three Laws of Motion


In 1687, Isaac Newton published what is considered the first physics textbook (commonly referred to as simply The Principia) detailing his ideas about the laws of motion and gravity. This kicked off the trend of codifying the rules of nature into mathematical relationships that became known as physics. Although largely supplanted by the modern conservation laws (see Chapter 6) and general relativity (see Chapter 1), Newton’s ideas about forces, masses, acceleration, and gravity remain the foundation of what is now called “classical physics.” His ideas are an excellent description of how things work in our day-to-day life, which is far from light speed and consists of weak gravitational fields.


Newton’s first law of motion is a reversal of the ancient tenet that the natural condition of objects is to come to rest. Instead, based on some earlier work by Galileo, Newton gave us his law of inertia: objects resist changes in their motion. In other words, if objects are already moving, their natural tendency is to continue to move in the same manner. Slide a book across a table and observe it slowing down. In ancient times (Aristotelian thinking), the book is slowing down because the natural state of things is to be at rest. With Newton, the logic is reversed: the book is slowing down because an external force is actively pushing against it. Newton reasoned that if there was no friction between the table and the book, the book would slide in a straight line with no loss of speed. Some objects require more force to change their motion; these objects have more inertia. Inertia is measured by mass, which has units of kilograms (kg).


Newton’s second law of motion tells us how changes in motion happen. If an object slows down, speeds up, or changes direction, an external force must have been applied. A force is simply defined as a push or pull. In honor of his work, forces are measured in units of newtons (N) in the modern metric system (SI units—see Appendix B). If several forces are acting, the total (net) force produces this change in motion. A change in speed and/or direction is known as acceleration (units of m/s2). Since an object with greater inertia (more mass) resists changes in motion more than those with less inertia, we are led to the following famous relationship:


[image: images]
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From this, it follows that the defined unit of newton is equal to a kilogram meter per second squared:


[image: images]


The notational use of overarrows on a variable is a formal way of indicating it is a vector (as opposed to a scalar). When the overarrow is not present, we are referring to only the magnitude of the variable. For more information about vectors, refer to Appendix A.


Newton’s third law addresses the origin of forces. Every force is the result of an interaction between two objects. An important principle of nature is symmetry. Here we have its first manifestation in physics: if one object is pushing or pulling on another object, the exact same force must be acting on both objects but in opposite directions. The two interacting objects creating the force both experience the same force as equal and opposite pushes on each other. This law is, unfortunately, frequently referred to as the action-reaction law. It is one of the most misunderstood laws of physics. It is not a case of one force causing the other; it is not a case of every object having two opposing forces on it; it is not a case of one force coming first and then the opposing force arises in opposition. In fact, it is this:


If object A is exerting a force on object B, then object B is simultaneously exerting the same force, in the opposite direction, on object A.


Table 2.1 summarizes Newton’s three laws of motion. Table 2.2 lists the units used in Newton’s laws, both in SI and U.S. customary units.


TABLE 2.1 SUMMARY OF NEWTON’S LAWS OF MOTION








	Law


	Summary







	First (inertia)


	If [image: images], motion remains constant.







	Second (force)


	[image: images]







	Third (action-reaction)


	[image: images]










TABLE 2.2 CHART OF UNITS INVOLVED IN NEWTON’S LAWS








	 


	SI Units (Modern Metric System)


	U.S. Customary Units (Archaic Imperial System)







	Force


	newton (N)


	pound (lb)







	Mass


	kilogram (kg)


	slug







	Acceleration


	meter/second/second (m/s2)


	foot/second/second (ft/s2)
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Mass vs. weight


One of the reasons students find the study of physics challenging is that the common usage of many words differs from their scientific usage. For instance, mass and weight are used interchangeably by almost everyone. You might hear someone say, “I weigh 70 kg in Europe but 155 lb in the U.S.” This switch between the mass (inertia) of an object and the force due to gravity works only because most people are talking about objects that spend their entire lives in the same constant gravitational field (that is, they remain on the surface of Earth). In actuality, only mass is a property of the object. In contrast, the object’s weight depends on the current strength of gravity being experienced by that object. For example, when astronauts were on the moon, they weighed less but had the same mass as when they were on Earth.


All of Newton’s laws are dependent on the observer (known as the reference frame of the description) being an inertial observer. This simply means that the observer is not experiencing acceleration. When an observer employs a point of view that is accelerating, fictitious forces and unexplained accelerations arise (for example, the centrifugal and Coriolis effects).


2.2 Types of Forces


Objects can exert many types of pushes and pulls on each other. However, physicists are reductionists. Thus, over time, we have been putting the many types of forces discovered into fewer and fewer categories. In fact, for the vast majority of situations you observe directly, you can get by with only five types of forces:


1.Weight


2.Normal force


3.Friction


4.Tension


5.Any push or pull



EVERYDAY FORCES


Weight is the force due to gravity that the Earth (or whichever planet you are on) exerts on your mass. This force is always directed straight toward the center of the planet and is equal to your mass multiplied by the strength of gravity at your location. At sea level on Earth, the strength of gravity (g) is around 9.8 N/kg.


[image: images]
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The definition of weight, Fg = mg, is a simplified version of Newton’s law of universal gravitation. Students should know the true nature of gravity is that every object with mass attracts every other object with mass very weakly. The farther apart (d) the two masses are (when measured center to center), the weaker the gravitational attraction force:


[image: images]


In this formula, G is a universal gravitational constant equal to 6.67 × 10–11 when masses are in kilograms and distance is in meters. The simplified version works as long as you are interested in only the gravitational attraction between an object on the surface of Earth and the planet Earth. In that case, m2 becomes the mass of the Earth and d becomes the radius of the Earth (REarth). Combining equations gives:


[image: images]


Solving for g results in the following:


[image: images]


Plugging in the appropriate values for G, mEarth, and REarth results in the 9.8 N/kg value used for gravity at the surface of Earth.


The normal force (FN) on an object is the force exerted by a surface to keep the object from pushing through the surface. The normal force is a response to the amount of force applied to the surface. The direction of the normal force is always perpendicular (hence the name “normal”) to the surface itself. Students sometimes have trouble believing in this force or forget to put it into their analysis of a situation. However, ask yourself, why do your feet hurt after standing all day? Why doesn’t gravity pull you through the floor?


The force of friction (Ff) is applied as matter slides by or bounces off the surface of an object as the matter moves or attempts to move. The direction of the frictional force is always opposite the direction of the relative motion of the two surfaces. If the two surfaces are not yet sliding past each other, the direction of the force is opposite the intended motion. Recall from Newton’s third law that both surfaces will experience the same (but opposite) frictional force.
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A deeper look at friction


Frictional forces between objects are a function of velocity. If one or both of those objects is a fluid, such as air, the friction is a bit hard to model. However, the friction between two solid surfaces is much easier to model. Look at the data generated in Figure 2.1 as a block of wood is slowly pulled across a surface until it finally begins to move and then is pulled at constant speed.


[image: images]


FIGURE 2.1 Static and kinetic frictional forces.


The frictional force arises from millions of atomic repulsions at the surfaces of the two materials. The harder the two surfaces are pressed together, the more the atoms repel each other. This force has already been described—it is the normal force. The other factor in this surface-to-surface friction is the exact nature of the surfaces involved. (What kind of atoms are the surfaces made of? Are they rough or smooth? And so on.) Standard practice is to use a dimensionless coefficient µ (mu) to represent the nature of these two surfaces.


Note from the graph in Figure 2.1 that before the object begins to move, the frictional forces rise from zero to some maximum value in a linear fashion. This is known as static friction:


[image: images]


Once the object is in motion, the friction levels off and is a constant value. This is known as kinetic friction:


[image: images]


Tension is the force that pulls on an object through a string, rope, or other supporting structure attached to the object. Tension is always directed along and through the string, rope, etc., and away from the object at the point of contact. The tension is the same throughout the rope as long as the rope is considered ideal (low mass, not stretching, and not experiencing friction).


Any push or pull on an object is a force. If you must model a force that does not fit into one of these given categories, label it simply Fp.


OTHER FORCES


In addition to the everyday forces previously listed, other forces play an important role in physics:


•Forces exerted by springs or other elastic objects (see Chapter 11), Fs


•Electric forces (see Chapter 7), FE


•Magnetic forces (see Chapter 9), FB


•Strong nuclear force and weak nuclear force, which are deep inside of atoms and were discovered in the early 20th century (see Chapter 15)



2.3 Fundamental Forces



After looking over the previous descriptions and lists of forces, one might question the reductionist nature of physicists! However, a close inspection of the nature of these forces reveals an underlying feature common to all forces other than gravity: they depend on charges. All macroscopic interactions other than gravity are due to the interaction of charged objects. Take the normal force for instance. What exactly is stopping the two surfaces from going through each other? The outermost layer of matter on each side of each object is made of electrons. As the surfaces are brought close together, the electrons in one surface repel the electrons in the other surface. In the modern view of physics, there are only four fundamental forces, which are neatly divided into two categories:


•Gravity (described by general relativity)


•Electromagnetic force, weak force, and strong force (described by the standard model; see Chapter 15)


Ever dissatisfied, physicists continue to try to unite gravity with the rest of the forces in the standard model in various proposals of some kind of grand unification theory. Thus far, no clear consensus has emerged.


2.4 Free-Body Diagrams and Solving Force Problems


A common problem in physics is to relate the acceleration being experienced by an object to the forces being applied. Many students will try to get by with just recognizing certain common situations, but the permutations of these types of problem are endless. In physics, the point is not to get a specific answer to a specific problem. It is more powerful to find a procedure that you can follow in all situations, resulting in a solvable math problem. Since what you are going to learn in this section involves vectors, if you are not familiar with the rules and special vocabulary of vectors, please familiarize yourself with Appendix A now.


Since all forces are vectors, their direction must be considered when determining the net force. Almost all problems in an introductory physics class will be two-dimensional (indeed, even most real-life problems can be reduced to two dimensions). An important tool in solving force problems is the free-body diagram (also known as a force diagram). A free-body diagram strips all superfluous information away from the problem to begin the translation of a description or picture into a math problem. The first step is to represent the object as a simple dot. This dot can be thought of as the center of mass of the object. Next, draw one arrow per force, starting from the dot. Each arrow should be pointed in the proper direction and have its proper label. If possible, attempt to make the lengths of the arrows proportional to the magnitude of the force. Accelerations and velocities are not forces and so should not appear in the force diagram.


EXAMPLE


A man is pushing a couch across the floor at a steady pace. He is pushing down on the couch at a 45-degree angle. Draw a free-body diagram for the couch.


SOLUTION


First identify all the forces being experienced by the couch: the push, Earth’s gravity, the normal force of the floor, and the friction between the floor and the couch. Finally, draw an arrow for each force and label each.


[image: images]


Once you have constructed a free-body diagram for the situation, you can lay down your x- and y-axes with the origin on the center of the free-body diagram. Initially, students always make the x-axis horizontal and the y-axis vertical. However, you can orient these axes in any manner as long as the x- and y-axes are perpendicular to each other. If you know the direction of acceleration, then one of the two axes should be in the direction of the acceleration as this will simplify the math later on. Now it is time to evaluate the net force and relate this to the acceleration. The best way is to write down Newton’s second law twice: once for the x-components and once for the y-components. You will have as many terms on the left-hand side as you do forces:


[image: images]


and


[image: images]


At this point, invariably one of the components of acceleration will be zero if you oriented your axes correctly. In fact, usually many of the force components will also be zero. Since there are two equations, the problem must specify all information with the exception of two variables in order to have a solvable problem.
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Tip


If you find yourself with too many unknowns, try rereading the problem carefully. Here are the most often overlooked and problematic issues.


•One or both components of acceleration are zero. This occurs when the object is stationary, the object is moving at constant velocity, etc.


•Use the model for sliding friction being proportional to the normal force only if you must. In this case, mu (µ) is given, requested, or implied.


•The problem expects you to ignore friction because the surface is slick, smooth, or slippery or because the object is in free fall.


•Students often put extraneous forces into their free-body diagram. Do not add a new force in the direction of acceleration. Use normal forces only if the object is in direct contact with a surface. Do not double count a single force (e.g., the tension of the line is the pull, not a pull plus a tension). The existing velocity of the object is not a force—that’s inertia!


Now, you simply substitute in the given values and solve for the unknowns. One of the most common errors of all is to assign arbitrarily a vertical normal force to be equal to the object’s weight, mg, by thinking that the normal force’s job is to oppose gravity. However, the normal force is found by solving the system of equations generated by the free-body diagram. A diligent student will find that the normal force is equal to mg only when there are no additional vertical forces (beyond gravity and normal) and when there is no vertical acceleration!


A second point of confusion is the sign that should be used for gravity. (Is it +9.8 or –9.8?) Gravity itself is neither positive nor negative. So, the student must choose the sign of all components for all forces (including gravity) in the free-body diagram. The first arrow determines the direction of all other arrows. Whether a particular direction (up or down) is positive or negative is a choice made by the student when solving the problem. Once the student has oriented the x- and y-axes relative to the free-body diagram, the positive and negative directions are defined. Students should be careful to be consistent once they begin a problem. For example, if you choose to make the downward direction positive in order to have the force due to gravity be a positive number, you are locked into making the upward force component negative.


EXAMPLE


Let’s return to the previous example. The couch has a mass of 45 kg. If the man is pushing the couch with 175 N of force while it is sliding at a steady pace, determine the normal force experienced by the couch as well as the coefficient of kinetic friction between the floor and the couch.


SOLUTION


Assign the x-axis to be horizontal to the right and the y-axis to be vertically upward. Use Newton’s second law for this situation:


[image: images]


and


[image: images]


Since all motion is along the floor, we can assume there is no y-motion much less a y-component of acceleration, so ay = 0. Also, since the problem specifies the horizontal motion is at a steady pace, we can assume constant velocity and therefore ax = 0 as well. Putting in the known values, our two equations reduce to:


[image: images]


and


[image: images]


Solve for our two unknowns:


[image: images]


Since the problem requested the coefficient of friction as well, we use the model of sliding friction:


[image: images]



SOLVING FORCE PROBLEMS


1.Draw a free-body diagram showing all the forces acting on the object.


2.Choose a coordinate system. Align one axis with the direction of acceleration.


3.Break any diagonal forces into their horizontal and vertical components.


4.Add all the vertical vector components to determine the net vertical force component.


5.Add all the horizontal vector components to determine the net horizontal force component.


6.Use [image: images] to relate the components of acceleration to the net force.






Review Exercises



1.If Newton’s third law is true, how does anyone win in a tug-of-war competition?


2.What is the common issue with these expressed impressions?


In a car turning to the left: “I felt as if I was being pushed outward, to the right.”


In a bus where the brakes have been applied suddenly: “I felt as if I was being thrown forward.”


In a plane during takeoff: “I felt as if I was being pushed back into my seat.”


3.James says, “Newton’s third law cannot always be true; for example, what about gravity? If planet Earth is pulling me down with 500 newtons of force, I would notice the Earth is also being pulled up with 500 newtons of force, and I don’t see that!” How could you explain to James that the third law is true even in this case?


4.If an adult weighs 800 N on Earth’s surface, what is his weight and mass on the moon (where gravity is six times weaker)?


5.What is the normal force in the following situations involving a 2 kg book?


a.The book sitting on the floor


b.The book sitting on the floor while your teacher leans on it with 12 N of force


c.The book sitting on the floor while your teacher attempts to lift it with 8 N of force


d.The book sitting on the floor of an elevator while the elevator accelerates upward at 2 m/s2


e.The book sitting on the floor of an elevator while the elevator moves downward at a constant 2 m/s


6.A mom is pulling her two children on a sled (total mass = 85 kg) with a cord that makes a 60-degree angle with the horizontal. The sled is moving across a horizontal surface that has a coefficient of kinetic friction of 0.12. Find the normal force and the acceleration of the sled.
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