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Serway 5th edition solution

For example, if you are calculating the mass of a housefly and arrive at a value of 100 kg, this answer is unreasonable and there is an error somewhere. 17. For example, for horizontal motion let us arbitrarily specify to the right as being the positive direction. Let us see how to quantify acceleration. Which of the following equations are dimensionally
correct? electromagnetism, concerning electricity, magnetism, and the book. Horton, Rutgers University; David C. A spherical shell has an outside radius of 2.60 cm and an inside radius of a. When the slope of the position-time graph is positive, such as at any time during the first 10 s in Active Figure 2.3, vx is positive and the car is moving toward
larger values of x. From this definition, we see that Dx is positive if xf is greater than xi and negative if xf is less than xi . Data from Enhanced WebAssign Used to Improve Questions and Problems. Collectible coins are sometimes plated with gold to enhance their beauty and value. Many other physical quantities, including position, velocity, and
acceleration, also are vectors. The distance to the Andromeda galaxy (Fig. Therefore, we could write the radius as (6.0 6 0.1) cm. 7 A piece of gold consists of gold atoms. W Average speed Pitfall Prevention 2.1 Average Speed and Average Velocity The magnitude of the average velocity is not the average speed. The second type of example is
conceptual in nature. New terms are carefully defined, and we have avoided the use of jargon. As an example, consider the behavior of matter. For example, many problems involve conservation of energy, Newton’s second law, or kinematic equations. Realizing that not all instructors cover all material from the text, we have included this book in our
custom publishing program, TextChoice (www.textchoice.com). (for constant ax) vx,avg 5 vxi 1 vxf 2 1 for constant a x 2 (2.14) Notice that this expression for average velocity applies only in situations in which the acceleration is constant. The graph of accelfor an object moving along the x axis. The proton consists of two up quarks and one down
quark as shown at the bottom of Figure 1.2 and labeled u and d. Modeling a Runner as a Particle A scientist is studying the biomechanics of the human body. The winner must do this task under supervision by television show executives and within one 40-hour work week. Approximately one-third of the worked examples in the text contain a What If?
By following these simple rules, you can use dimensional analysis to determine whether an expression has the correct form. How far is it from the best-fit straight line? During this time interval, however, he moved through a distance of twice the length of the basketball court. 3. Let’s apply this rule to find the area of the compact disc whose radius we
measured above. The instantaneous acceleration in part (B) is the slope of the green line tangent to the curve at point . m/s2 . The requested quantity is made more personal by asking for work done by humans rather than asking for the gravitational potential energy. (George Lepp/Stone/ Getty Images) motion of an object represents a continuous
change in the object’s position. Newton’s law of universal gravitation is represented by GMm r2 where F is the magnitude of the gravitational force exerted by one small object on another, M and m are the masses of the objects, and r is a distance. Solar System Data Body Mass (kg) Mean Radius (m) Period (s) Mean Distance from the Sun (m) Mercury
3.30 31023 2.44 3106 7.60 3 106 5.79 3 1010 Venus Earth Mars Jupiter Saturn Uranus Neptune Plutoa Moon Sun 4.87 3 1024 5.97 3 1024 6.42 3 1023 1.90 3 1027 5.68 3 1026 8.68 3 1025 1.02 3 1026 1.25 3 1022 7.35 3 1022 1.989 3 1030 6.05 3 106 6.37 3 106 3.39 3 106 6.99 3 107 5.82 3 107 2.54 3107 2.46 3107 1.203 106 1.74 3 106 6.96 3
108 1.94 3107 3.156 3107 5.94 3107 3.74 3108 9.293 108 2.6531095.183 109 7.823 109 — —1.083 1011 1.4963 1011 2.283 1011 7.783 1011 1.43310122.87310124.50310125.91 31012 — — a In August 2006, the International Astronomical Union adopted a definition of a planet that separates Pluto from the other eight planets. (e) Use
Equation 12.1 to find the value of n 2 when the beam is about to tip. You may find it necessary to seek further instruction from experienced students. A house is advertised as having 1 420 square feet under its roof. For example, the common Slinky toy is excellent for studying traveling waves, a ball swinging on the end of a long string can be used to
investigate pendulum motion, various masses attached to the end of a vertical spring or rubber band can be used to determine its elastic nature, an old pair of polarized sunglasses and some discarded lenses and a magnifying glass are the components of various experiments in optics, and an approximate measure of the free-fall acceleration can be
determined simply by measuring with a stopwatch the time interval required for a ball to drop from a known height. Problems. Your ability to solve problems will be one of the main tests of your knowledge of physics; therefore, you should try to solve as many problems as possible. To remove this ambiguity, it is common to use scientific notation to
indicate the number of significant figures. classical mechanics, concerning the motion of objects that are large relative to atoms and move at speeds much slower than the speed of light 2. A solid piece of lead has a mass of 23.94 g and a volume of 2.10 cm3. CHAPTER 2 | Motion in One Dimension 26 2.2 cont. A very common and simple type of one-
dimensional motion, however, is that in which the acceleration is constant. Neither average velocity nor average speed provides information about these details. You stand in a flat meadow and observe two cows (Fig. Find the order of magnitude of the number of stars in the Milky Way. k m x0 x xi /2 x xi Figure P8.53 Symbolic problems ask students
to solve a problem using only symbolic manipulation. As the student gains more experience, he or she will lean less on the analysis model approach and begin to identify fundamental principles directly, more like the physicist does. SOLUTION Knowing that the initial velocity at any time t is vxi 5 40 2 5t 2, find the velocity at any later time t 1 Dt: vxf 5
40 2 5(t 1 Dt)2 540 2 5t 2 2 10t Dt 2 5(Dt)2 Find the change in velocity over the time interval Dt: Dvx 5 vxf 2 vxi 5 210t Dt 2 5(Dt)2 To find the acceleration at any time t, divide this expression by Dt and take the limit of the result as Dt approaches zero: ax 5 lim Substitute t 5 2.0 s: ax 5 (210)(2.0) m/s2 5220 m/s2 Dt SO0 Dvx51lim 1 210t25Dt2 5
210t Dt Dt S 0 Because the velocity of the particle is positive and the acceleration is negative at this instant, the particle is slowing down. Quantities that we can use to describe the operation of electromagnetic fields vehicles include position, velocity, acceleration, force, energy, and 5. What does it mean to talk about how quickly something is moving
if we “freeze time” and talk only about an individual instant? Course Solutions That Fit Your Teaching Goals and Your Students’ Learning Needs Recent advances in educational technology have made homework management systems and audience response systems powerful and affordable tools to enhance the way you teach your course. The average
acceleration ax,avg of the particle is defined as the change in velocity Dvx divided by the time interval Dt during which that change occurs: v xf 2 v xi Dv x a x,avg ; 5 (2.9) Dt tf 2 ti As with velocity, when the motion being analyzed is one dimensional, we can use positive and negative signs to indicate the direction of the acceleration. Quick Quiz 2.2
Are members of the highway patrol more interested in (a) your average speed or (b) your instantaneous speed as you drive? (a) 2 3 108 kg (b) 1 3 109 kg (c) 2 3 1010 kg (d) 3 31011 kg (e) 4 3 1012 kg 10. In addition to receiving four National Science Foundation grants, he helped found and direct the Southern California Area Modern Physics Institute
(SCAMPI) and Science IMPACT (Institute for Modern Pedagogy and Creative Teaching), both of which work with teachers and schools to develop effective science curricula. Alexandra Héder 43. Although it would be ideal for students to follow this same process, most students have difficulty becoming familiar with the entire palette of fundamental
principles that are available. Finally, after t , the slope of the x-t graph is c zero, meaning that the object is at rest for t . m2/s (e) none of those answers 8. Other science courses that follow will use the same physical principles, so it is important that you understand and are able to apply the various concepts and theories discussed in the text. Table 1.2
lists approximate values of the masses of various objects. Numerous technological advances in recent times are the result of the efforts of many scientists, engineers, and technicians, such as unmanned planetary explorations and manned moon landings, microcircuitry and high-speed computers, sophisticated imaging techniques used in scientific
research and medicine, and several remarkable results in genetic engineering. If all digits in these two intermediate numbers are retained and the rounding is only performed on the final number, the correct three-digit result of 17.0 km is obtained. The estimate may be made even more approximate by expressing it as an order of magnitude, which is
a power of ten determined as follows: 1. Jewett, Jr. Emeritus, California State Polytechnic University, Pomona With contributions from Vahé Peroomian, University of California at Los Angeles Australia ¢ Brazil ¢ Japan * Korea * Mexico ¢ Singapore ¢ Spain ¢ United Kingdom ¢ United States Physics for Scientists and Engineers with Modern Physics,
Eighth Edition Raymond A. Find its radius. Are there any points in the motion of these objects at which the instantaneous velocity has the same value as the average velocity over the entire motion? The book is divided into six parts. (A solar day is the time interval between successive appearances of the Sun at the highest point it reaches in the sky
each day.) The fundamental unit of a second (s) was 1112 160 2 1 24 2 of a mean solar day. For example, the magnitude of a car’s velocity increases when you step on the gas and decreases when you apply the brakes. P1.18). This case corresponds to a particle moving in the negative x direction. 16. The volume of the plating is equal to the
thickness of the layer multiplied by the area to which it is applied. In this system, the units of length, mass, and time are the foot (ft), slug, and second, respectively. Instructors adopting the eighth edition of Physics for Scientists and Engineers may download these materials after securing the appropriate password from their local sales representative.
The density of air is 1.20 kg/m3 . (d) State what the graph demonstrates, referring to the shape of the graph and the results of parts (b) and (c). Visit www.cengage.com/physics/serway to: * request a desk copy ¢ locate your local representative « download electronic files of select support materials Student Resources Visit the Physics for Scientists
and Engineers Web site at www.cengage.com/physics/ serway to see samples of select student supplements. Ex a m pl e 2.1 Calculating the Average Velocity and Speed Find the displacement, average velocity, and average speed of the car in Active Figure 2.1a between positions and . brief contents part 1 Mechanics 1 2 34 5 6 1 Physics and
Measurement 2 Motion in One Dimension 20 Vectors 55 Motion in Two Dimensions 73 The Laws of Motion 103 Circular Motion and Other Applications of Newton’s Laws 139 7 8 9 10 Energy of a System 165 11 12 13 14 Angular Momentum 319 Linear Momentum and Collisions 234 Rotation of a Rigid Object About a Fixed Axis 277 Static Equilibrium
and Elasticity 348 Universal Gravitation 374 Fluid Mechanics 402 © Cengage Learning/George Semple 2 Oscillations and Mechanical Waves 15 16 17 18 Conservation of Energy 199 Balance wheel iv part part Oscillatory Motion 434 Wave Motion 465 Sound Waves 488 Superposition and Standing Waves 511 3 Thermodynamics 19 20 21 22 433 543
Temperature 544 The First Law of Thermodynamics 565 The Kinetic Theory of Gases 599 Heat Engines, Entropy, and the Second Law of Thermodynamics 625 v Brief Contents part 4 Electricity and Magnetism 657 part Electric Fields 658 Gauss’s Law 690 Electric Potential 710 Capacitance and Dielectrics 740 Current and Resistance 771 Direct-
Current Circuits 794 36 37 38 6 Magnetic Fields 829 part Sources of the Magnetic Field 862 Modern Physics Faraday’s Law 893 Inductance 927 Alternating-Current Circuits 953 Electromagnetic Waves 983 5 Light and Optics 35 John W. The Greek model of the structure of matter was that all ordinary matter consists of atoms, as suggested in the
middle of Figure 1.2. Beyond that, no additional structure was specified in the model; atoms acted as small particles that interacted with one another, but internal structure of the atom was not a part of the model. In some situations, the value of the average acceleration may be different over different time intervals. The acceleration at is equal to the
slope of the green tangent line at t 2 s, which is 220 m/s2. SOLUTION Write an expression for a with a dimensionless constant of proportionalityk:aSkrnvm L mInlmL5Inab 5 m 2 T T T Substitute the dimensions of a, r, and v: Equate the exponents of L. and T so that the dimensional equation is balanced: n 1 m 5 1 and m 5 2 Solve the two
equations for n: n 5 21 Write the acceleration expression: a 5 kr21 v 2 5 k v2 r In Section 4.4 on uniform circular motion, we show that k 5 1 if a consistent set of units is used. The finding in the previous case can then be used to sway the finding in the current case. This equal spacing is consistent with the car moving with constant positive velocity
and zero acceleration. As the end point approaches , t approaches zero and the direction S of r approaches that of the green line tangent to the curve at . WebCT and Blackboard versions of the test bank are available on the instructor’s companion site at www.cengage/physics/serway. features that appear in many of the worked examples carefully. In
this way, the use of analysis models leads the student to the fundamental principle the physicist would identify. N. A rectangular building lot has a width of 75.0 ft and a length of 125 ft. Both cams have the same mass. When you compute a result from several measured numbers, each of which has a certain accuracy, you should give the result with the
correct number of significant figures. You may be very surprised. The figure accompanying the problem has been redrawn to show the front wheel rather than the back wheel, to remove the complicating features of the pedals, chain, and derailleur gear. From everyday experience, we recognize that In drag racing, a driver wants as large an
acceleration as possible. Inside the nucleus are protons (orange) and neutrons (gray). We can identify length as the distance between two points in space. (b) A graphical representation (position-time graph) of the motion of the car. The distance that the players run over the duration of the game is nonzero. Is it important that it is a freeway? When we
begin collecting position data, the car is 30 m to the right of the reference position x 5 0. John W. Objective Questions are also written with the personal response system user in mind, and most of the questions could easily be used in these systems. For example, suppose we wish to convert 15.0 in. To the nearest order of magnitude, we shall choose
10 breaths per minute as our estimate. Readers should consult the pedagogical color chart (inside the front cover) for a listing of the color-coded symbols used in the text diagrams. Gordon, Ralph McGrew, Raymond Serway, and John W. Find the area of the room. Conversion factors between SI and U.S. customary units of length are as follows: 1 mile
51609m51.609 km 1 m 5 39.37 in. This approximation is justified because the radius of the Earth’s orbit is large compared with the dimensions of the Earth and the Sun. The striking aspect of these problems is that no question is asked of the students, other than that in the initial italics. Their feedback and suggestions helped shape the revision of
the end-of-chapter questions and problems in this edition, and so we would like to thank the survey participants: Wagih Abdel-Kader, South Carolina State University; Elise Adamson, Wayland Baptist University; Shireen Adenwalla, University of Nebraska-Lincoln; Rhett Allain, Southeastern Louisiana University; David S. Must two quantities have the
same dimensions (a) if you are adding them? Likewise, the neutron consists of two down quarks and one up quark, giving a net charge of zero. chapter 2 Motion in One Dimension 2.1 Position, Velocity, and Speed 2.2 Instantaneous Velocity and Speed 2.3 Analysis Model: Particle Under Constant Velocity 2.4 Acceleration 2.5 Motion Diagrams 2.6
Analysis Model: Particle Under Constant Acceleration 2.7 Freely Falling Objects 2.8 Kinematic Equations Derived from Calculus General Problem-Solving Strategy As a first step in studying classical mechanics, we describe the motion of an object while ignoring the interactions with external agents that might be causing or modifying that motion. The
problem is identified with a icon. When doing so, you must make sure that the result has the appropriate number of significant figures. (a) Draw a picture of the problem, neglecting the height of the woman’s eyes 19 above the ground. 3 10212 C2/N ? In a community college parking lot, the number of ordinary cars is larger than the number of sport
utility vehicles by 94.7%. gauge the angle of elevation of the top of the fountain to be £ 5 55.0°. Suppose the red-brown curve in Active Figure 2.1b were different so that between 0 s and 10 s it went from up to 100 m and then came back down to . (2.6) xf 5 xi 1 vx Dt This equation tells us that the position of the particle is given by the sum of its
original position xi at time t 5 0 plus the displacement vx Dt that occurs during the time interval Dt. In practice, we usually choose the time at the beginning of the interval to be ti 5 0 and the time at the end of the interval to be tf 5 t, so our equation becomes Position as a function of time X for the particle under constant velocity model Ex a m pl e 2.4
xf 5 xi 1 vxt (for constant vx) (2.7) Equations 2.6 and 2.7 are the primary equations used in the model of a particle under constant velocity. When the zeros come after other digits, however, there is the possibility of misinterpretation. In Greek, atomos means “not sliceable.” From this Greek term comes our English word atom. Consider a marathon
runner who runs a distance d of more than 40 km and yet ends up at her starting point. When an equation summarizes measurements, consider its coefficients and exponents to have as many significant figures as other data quoted in a problem. Notice that the answers to parts (A) and (B) are different. The value of this uncertainty can depend on
various factors, such as the quality of the apparatus, the skill of the experimenter, and the number of measurements performed. In Chapter 5, we formally establish that the force on an object is proportional to the acceleration of the object: F x ~ ax (2.11) This proportionality indicates that acceleration is caused by force. What is the sum of the
measured values 21.4s115s117.17 s 1 4.00 3 s? Many students are not accustomed to this level of complexity and often don’t know where to start. Let us use Equation 2.2 to build our first analysis model for solving problems. Express the following quantities using the prefixes given in Table 1.4. (a) 3 3 1024 m (b) 53 1025 s (¢) 72 3102 g 3. To
accommodate increased emphasis on understanding physical concepts, the many conceptual examples are labeled as such and are designed to help students focus on the physical situation in the problem. For instance, one rule tells us that the derivative of any constant is zero. The table of contents provides an overview of the entire text, and the index
enables you to locate specific material quickly. The slope of the tangent line to this curve at t 5 0 equals the initial velocity vxi , and the slope of the tangent line at any later time t equals the velocity vxf at that time. 4. The twovolume DVD-ROM (Volume 1: Chapters 1-22; Volume 2: Chapters 23-46) includes prepared PowerPoint- lectures and files for
all the line art from the text as well as editable solutions available through Solution Builder. McLaughlin, Loras College; Rahul Mehta, University of Central Arkansas; Dominick Misciascio, Mercer County Community College; Sudipa Mitra-Kirtley, Rose-Hulman Institute of Technology; Poovan Murugesan, San Preface Diego City College; Robert
Napora, Purdue University-Calumet; Joseph L. Find the rate at which it grows in nanometers per second. It is therefore useful to define the instantaneous acceleration as the limit of the average acceleration as Dt approaches zero. The previous edition’s Questions section is now divided into two sections: Objective Questions and Conceptual Questions.
Because of the uncertainty of 60.1 cm, if the radius is measured to be 6.0 cm, we can claim only that its radius lies somewhere between 5.9 cm and 6.1 cm. Other changes were incorporated in response to comments and suggestions offered by users of the seventh edition and by reviewers of the manuscript. These fundamental quantities cannot be
defined in terms of more basic quantities. Notice that this value is an Earth-based standard that does not satisfy the requirement that it can be used throughout the Universe. This extensive digital library lets you customize learning materials on your own computer by previewing and assembling content Preface from a growing list of Cengage Learning
titles, including Physics for Scientists and Engineers, eighth edition. The math appendix (Appendix B), a valuable tool for students, shows the math tools in a physics context. is defined as exactly 2.54 cm, we find that 2.54 cm b 5 38.1 cm 1 in. The consumption of natural gas by a company satisfies the empirical equation V 5 1.50t 1 0.008 00t 2, where
V is the volume of gas in millions of cubic feet and t is the time in months. Once the analysis model is identified, there are a small number of equations from which to choose that are appropriate for that model. As you can see from Table 2.1, the car moves to the right (which we have defined as the positive direction) during the first 10 s of motion,
from position to position . Measurement standards used by different people in different places—throughout the Universe—must yield the same result. Whatever is chosen as a standard must be readily accessible and must possess some property that can be measured reliably. If you perform this calculation on your calculator, you will likely see
113.097 335 5. A friend spins the other wheel, of radius 0.381 m, and observes that drops of water fly off tangentially. A bicycle is turned upside down while its owner repairs a flat tire on the rear wheel. Whether you offer a more traditional text-based course, are interested in using or are currently using an online homework management system such
as Enhanced WebAssign, or are ready to turn your lecture into an interactive learning environment with JoinIn on TurningPoint, you can be confident that the text’s proven content provides the foundation for each and every component of our technology and ancillary package. Therefore, there are one and two significant figures, respectively, in these
two values. 15.7 m 64.8 m 3.60 m Figure P9.38 Figure P9.39 The figure has been revised and dimensions added. Other standards for SI fundamental units established by the committee are those for temperature (the kelvin), electric current (the ampere), luminous intensity (the candela), and the amount of substance (the mole). For example, if an
object is falling, the object is modeled as a particle. This line forms the hypotenuse of a right triangle of height Dx and base Dt. The slope of this line is the ratio Dx/Dt, which is what we have defined as average velocity in Equation 2.2. For example, the line between positions and in Active Figure 2.1b has a slope equal to the average velocity of the
car between those two times, (52 m 2 30 m)/(10 s 2 0) 5 2.2 m/s. As an example of significant figures, suppose we are asked to measure the radius of a compact disc using a meterstick as a measuring instrument. Simon, Auburn University Edward A. Furthermore, you should be able to express each important equation in concise and accurate prose.
We recognize the skilled production service and excellent artwork provided by the staff at Lachina Publishing Services and Dartmouth Publishing, Inc., and the dedicated photo research efforts of Michelle Vitiello at the Bill Smith Group. In addition, instructors can choose to include video hints of problem-solving strategies. For example, if one particle
has an instantaneous velocity of 125 m/s along a given line and another particle has an instantaneous velocity of 225 m/s along the same line, both have a speed2 of 25 m/s. (a) If d is made three times larger, does the equation predict that Dt will get larger or get smaller? This mass standard was established in 1887 and has not been changed since
that time because platinum-iridium is an unusually 1We will use the standard international notation for numbers with more than three digits, in which groups of three digits are separated by spaces rather than commas. involving the unknowns p, g, r, s, and t, find the value of the ratio of t to r. From the exponents of L, we see immediately that n 5 1.
Consider a commemorative quarter-dollar advertised for sale at $4.98. Instructors realize that a relatively small number of fundamental principles form the basis of these problems. Situations involving constant acceleration are treated in Section 2.6. So far, we have evaluated the derivatives of a function by starting with the definition of the function
and then taking the limit of a specific ratio. If the average distance traveled by each car is 10 000 mi/yr, how much gasoline would be saved per year if average fuel consumption could be increased to 25 mi/gal? xi preface In writing this eighth edition of Physics for Scientists and Engineers, we continue our ongoing efforts to improve the clarity of
presentation and include new pedagogical features that help support the learning and teaching processes. Furthermore, this model has a small number of equations associated with it for use in starting Figure 10.23 Two points on a rolling object take different paths through space. Other students measure the thickness with vernier calipers and obtain
four different measurements: (a) 4.32 cm 6 0.01 cm, Conceptual Questions 1. 61. 24. For example, 20 2.1 | Position, Velocity, and Speed 21 if we wish to describe the motion of the Earth around the Sun, we can treat the Earth as a particle and obtain reasonably accurate data about its orbit. (B) Determine the acceleration at t 5 2.0 s. Assume it takes
7.00 min to fill a 30.0-gal gasoline tank. Problem from the Seventh Edition . Electronic files of the Instructor’s Solutions Manual are available on the PowerLecture/ DVD-ROM as well. During the first time interval, the slope is negative and hence the average velocity is negative. 2.1 Position, Velocity, and Speed W Position A particle’s position x is the
location of the particle with respect to a chosen reference point that we can consider to be the origin of a coordinate system. (b) Calculate the gravitational potential energy associated with a ramp constructed on level ground with stone with density 3 800 kg/m3 and everywhere 3.60 m wide. Between t and t, the slope of the x-t graph is constant, so
the velocity remains constant. Each solution has been written to closely follow the General ProblemSolving Strategy as outlined on pages 43-44 in Chapter 2, so as to reinforce good problemsolving habits. SOLUTION Consult Active Figure 2.1 to form a mental image of the car and its motion. (b) If you are multiplying them? (a) 78.9 6 0.2 (b) 3.788 3
109 (c) 2.46 3 1026 (d) 0.005 3 33. Use Equation 2.1 to find the displacement of the car: Dx 5x 2x 5253 m 2 30 m 5 283 m This result means that the car ends up 83 m in the negative direction (to the left, in this case) from where it started. Notice that the sudden changes in acceleration shown in Figure 2.8c are unphysical. (a) 4 660 m2 (b) 432 m2
(c) 158 m2 (d) 132 m2 (e) 40.2 m2 9. Would that change our final estimate? Problem Solving R. Think about the average number of breaths that a person takes in 1 min. 8 CHAPTER 1 | Physics and Measurement TABLE 1.5 Dimensions and Units of Four Derived Quantities Quantity Dimensions SI units U.S. customary units Pitfall Prevention 1.2
Symbols for Quantities Some quantities have a small number of symbols that represent them. The ratio of the number of sparrows visiting a bird feeder to the number of more interesting birds is 2.25. Note that the significant figures include the first estimated digit. Raymond A. The study of physics can be divided into six main areas: 1. Students are
provided an opportunity to test their understanding of the physical concepts presented through Quick Quizzes. After the student completes his physics course, he displays his dedication by completely wallpapering the walls of the room with the pages from his copy of volume 1 (Chapters 1-22) of this textbook. (a) Consider an extended object whose
different portions have different elevations. Review. Finally, we can obtain an expression for the final velocity that does not contain time as a variable by substituting the value of t from Equation 2.13 into Equation 2.15: xf5xi1 12 1vxilvxf2avxf2vxiaxbbxilvxf22vxi22axvxf25vxi2 1 2ax(xf2 xi) (for constant ax ) (2.17) This equation
provides the final velocity in terms of the initial velocity, the constant acceleration, and the position of the particle. 15.0 in. In 1120, the king of England decreed that the standard of length in his country would be named the yard and would be precisely equal to the distance from the tip of his nose to the end of his outstretched arm. Similarly, the
original standard for the foot adopted by the French was the length of the royal foot of King Louis XIV. Other useful information—fundamental constants and physical data, planetary data, a list of standard prefixes, mathematical symbols, the Greek alphabet, and standard abbreviations of units of measure—appears on the endpapers. * “Fermi
problems.” One or more problems in most chapters ask the student to reason in order-of-magnitude terms. Student Solutions Manual/Study Guide by John R. Many principles and models used to understand mechanical systems retain their importance in the theories of other areas of physics and can later be used to describe many natural phenomena.
The proton carries a positive electric charge, and a specific chemical element is identified by the number of protons in its nucleus. That is, the dimensional form of the equation x 5 12 at 2 is L # T2 5 L T2 The dimensions of time cancel as shown, leaving the dimension of length on the right-hand side to match that on the left. To help with this
discussion of the signs of velocity and acceleration, we can relate the acceleration of an object to the total force exerted on the object. (f) Using the result of part (d) and Equation 12.2, with torques computed around the second pivot, find the woman’s position x when the beam is about to tip. Marginal Notes. Because the physicist has studied these
principles extensively and understands the associated applications, he or she can apply this knowledge as a model for solving a new problem. xxiii xxiv Preface ¢« Master It tutorials, to help students work through the problem one step at a time. Several appendices are provided near the end of the textbook. It is essential that you understand basic
concepts and principles before attempting to solve problems. Because the car will have every instantaneous velocity between 0 and 100 m/s at some time during the interval, there must be some instant at which the instantaneous velocity is equal to the average velocity over the entire motion. Will the smaller and smaller pieces always be gold? Find
the number of SUVs in the lot. It is good practice to try to find alternate solutions to the same problem. How high is the fountain? In everyday usage, the terms speed and velocity are interchangeable. Finally, the DVD-ROM includes audience response system content specific to the textbook. Welcome to the exciting world of physics! The scientist does
not study nature because it is useful; he studies it because he delights in it, and he delights in it because it is beautiful. Successful memorization of passages from the text, equations, and derivations does not necessarily indicate that you understand the material. We will use the particle model by identifying some point on the car, perhaps the front
door handle, as a particle representing the entire car. (a) A pictorial representation of the motion of the car. JoinIn on TurningPoint works with most infrared or radio frequency keypad systems, including Responsecard, EduCue, H-ITT, and even laptops. By making estimates and performing order-of-magnitude calculations, you should be able to
approximate the answer to a problem when there is not enough information available to specify an exact solution completely. For instance, this feature might explore the effects of changing the conditions of the situation, determine what happens when a quantity is taken to a particular limiting value, or question whether additional information can be
determined about the problem situation. Express your answer as a difference in vertical-axis coordinate. Problems with Master It tutorials are indicated in each chapter’s problem set with an icon. Because the dimensions of velocity are L/T and the dimension of time is T, acceleration has dimensions of length divided by time squared, or L/T2. (For
example, 1.346 becomes 1.35.) If the last digit dropped is less than 5, the last digit retained remains as it is. Suppose an object that can be modeled as a particle moving along the x axis has an initial velocity vxi at time ti at position and a final velocity vxf at time tf at position as in Figure 2.6a (page 30). Find the radius of curvature of its path.
Furthermore, force and acceleration are both vectors, and the vectors act in the same direction. Between t and t, the acceleration is positive like it is between 0 and t , but higher in value because the slope of the vx -t graph is steeper. Ex a m pl e 1.5 W Significant figure guidelines used in this book Pitfall Prevention 1.5 Symbolic Solutions When
solving problems, it is very useful to perform the solution completely in algebraic form and wait until the very end to enter numerical values into the final symbolic expression. Consider, for example, the basketball players in Figure 2.2. If a player runs from his own team’s basket down the court to the other team’s basket and then returns to his own
basket, the displacement of the player during this time interval is zero because he ended up at the same point as he started: xf 5 xi , so Dx 5 0. 2.2 Instantaneous Velocity and Speed Pitfall Prevention 2.2 Slopes of Graphs In any graph of physical data, the slope represents the ratio of the change in the quantity represented on the vertical axis to the
change in the quantity represented on the horizontal axis. How many of these num- bers should you claim? Can You Chip In? 1.1 | Standards of Length, Mass, and Time 5 Approximate Values of Some Measured Lengths TABLE 1.1 1.4 31026 9 310252 310224 310169.46 3 10151.503 1011 3.84 3108 1.0031076.373106231059.1310153
1023, 1024, 1025, 10210, 10214, 10215 Reproduced with permission of the BIPM, which retains full internationally protected copyright. (The word kinematics has the same root as cinema.) In this chapter, we consider only motion in one dimension, that is, motion of an object along a straight line. Figure P1.51 The Andromeda galaxy Figure P1.56
The Milky Way galaxy | Problems 57. Assume the distance between the Sun and our nearest neighbor is typical. You should be able to associate with each physical quantity the correct symbol used to represent that quantity and the unit in which the quantity is specified. It is far easier to understand physics if you see it in action, and the materials
available in Enhanced WebAsign will enable you to become a part of that action. denotes answer available in Student Solutions Manual/Study Guide (b) 4.31 cm 6 0.01 cm, (c) 4.24 cm 6 0.01 cm, and (d) 4.43 cm 6 0.01 cm. (c) Determine the time interval, in hours, required to fill a 1.00-m3 volume at the same rate. Jewett, ... This two-volume manual,
thoroughly revised for this edition, contains complete worked solutions to all end-of-chapter problems in the textbook as well as answers to the even-numbered ... Welcome to the fantastic realm of "Principles of Physics: A Calculus-Based Text", the fifth edition, by our top physicists Serway and Jewett! Spotlighting the legendary "solution manual"
brought ... 20. Prefixes for the various powers of ten and their abbreviations are listed in Table 1.4. For example, 1023 m is equivalent to 1 millimeter (mm), and 103 m corresponds to 1 kilometer (km). SOLUTION Use Equation 2.7 and the velocity found in part (A) to find the position of the particle at time t5 10s: xf5xi 1 vxt 50 1 (5.0 m/s)(10s) 5
50 m Notice that this value is more than twice that of the 20-m position at which the stopwatch was stopped. x SOLUTION The velocity at any instant is the slope of the tangent t to the x-t graph at that instant. Many practical devices have been developed using the principles of quantum mechanics. First, read the problem several times until you are
confident you understand what is being asked. This situation occurs often enough that we identify it as an analysis model: the particle under constant acceleration. Once we have identified the physical components of the 1.3 | Dimensional Analysis 1.3 Dimensional Analysis In physics, the word dimension denotes the physical nature of a quantity. One
gallon of paint (volume 5 3.78 3 10 -3 m3) covers an area of 25.0 m2. Authors Mike Ziegler and Eric Mandell have prepared an excellent Instructor’s Solutions Manual. (a) Compute the order of magnitude of the mass of a bathtub half full of water. Wait until you are ready to copy the final answer from your calculator before rounding to the correct
number of significant figures. The test bank is available on the two-volume PowerLecture/ DVD-ROM via the ExamView- test software. It should be clear that you don’t want to keep all of these digits, but you might be tempted to report the result as 113 cm?2. Equation 2.7, which is the equation of a straight line, is the mathematical representation of
the particle-underconstant-velocity model. We have introduced four new problem types for this edition: Quantitative/Conceptual problems contain parts that ask students to think both quantitatively and conceptually. Ingram, Ohio University; Shawn Jackson, University of Arizona; Mario Klaric, Midlands Technical College; Burair Kothari, Indiana
University; Thomas Krause, Towson University; Fred Kuttner, University of California, Santa Cruz; Douglas Kurtze, Saint Joseph’s University; Dan Lawrence, Northwest Nazarene University; Lynne Lawson, Providence College; David Locke, College of San Mateo; Thomas Lockhart, University of Wisconsin-Eau Claire; Virginia Long, Colby College; Igor
Makasyuk, San Francisco State University; Jimmy McCoy, Tarleton State University; Kenneth W. After reading a chapter, you should be able to define any new quantities introduced in that chapter and discuss the principles and assumptions that were used to arrive at certain key relations. The average velocity vx,avg of a particle is defined as the
particle’s displacement Dx divided by the time interval Dt during which that displacement occurs: Dx v x,avg ; (2.2) Dt where the subscript x indicates motion along the x axis. This situation occurs frequently, so this model is important. Therefore, we build a mental model of an atom based on a system of a nucleus and one or more electrons outside the
nucleus. A woman wishing to know the height of a mountain measures the angle of elevation of the mountaintop as 12.0°. Look for any key words that will help you interpret the problem and perhaps allow you to make certain assumptions. The acceleration at any time is the slope of the velocity-time graph at that time. For example, consider the
marathon runner discussed before Equation 2.3. The magnitude of her average velocity is zero, but her average speed is clearly not zero. * Biomedical problems. In the discussion that follows, we generate several equations that describe the motion of a particle for this model. As the end point of the path is moved from to to, the respective
displacements and corresponding time intervals become smaller and smaller. We start our clock, and once every 10 s we note the car’s position. (d) If you are dividing them? Determine the density of the sphere in kilograms per cubic meter and the uncertainty in the density. An example of a Symbolic problem appears here: The problem is identified
with a icon. In addition, Watch It solution videos explain fundamental problem-solving strategies to help students step through the problem. We are grateful to authors John R. (This estimate is certainly closer to the true average value than an estimate of 1 breath per minute or 100 breaths per minute.) 400 days 1 yr a Find the approximate number of
minutes in a 70-year lifetime: number of minutes 5 (70 yr)(6 3 105 min/yr) Find the approximate number of breaths in a lifetime: number of breaths 5 (10 breaths/min)(4 3 107 min) 1 yrba 25h 60 minbab 56 3 105 min 1 day 1h Find the approximate number of minutes in a year: 54 3 107 min 5 4 3 108 breaths Therefore, a person takes on the
order of 109 breaths in a lifetime. We will look at a particle under various behaviors and environmental interactions. With these points in mind, we have included many pedagogical features, listed below, that are intended to enhance its usefulness to both students and instructors. moment. (C) Find the instantaneous velocity of the particle att 5 2.5 s.
Objective Questions are multiple-choice, true/false, ranking, or other multiple guesstype questions. This situation can be represented with the model of a particle under constant speed. Other quantities might have various symbols depending on the usage. The summary is divided into three sections: Definitions, Concepts and Principles, and Analysis
Models for Problem Solving. (d) What is n1 when the beam is about to tip? (a) Find the rate at which the volume of the balloon is increasing. The position-time graph for motion at constant (positive) acceleration shown in Active Figure 2.11a is obtained from Equation 2.16. (e) If you are equating them? Kinetic energy K (Chapter 7) has dimensions kg ?
In which direction? If the velocity of a particle is constant, its instantaneous velocity at any instant during a time interval is the same as the average velocity over the interval. Those used to position the decimal point in such numbers as 0.03 and 0.007 5 are not significant. Cow A is due north of you and 15.0 m from your position. Study the What If?
The problem is identified icon. Associate Developmental Editor: Brandi Kirksey Editorial Assistant: Joshua Duncan Senior Media Editor: Rebecca Berardy Schwartz Marketing Manager: Nicole Mollica Marketing Communications Manager: Belinda Krohmer For product information and technology assistance, contact us at Cengage Learning Customer
& Sales Support, 1-800-354-9706. (b) A dollar bill is about 15.5 cm long. 2 As with velocity, we drop the adjective for instantaneous speed. In effect, this latest definition establishes that the speed of light in vacuum is precisely 299 792 458 meters per second. We can further categorize it as a problem about the analysis of triangles, so we appeal to our
expertise in geometry and trigonometry. Analysis models help us analyze common situations in physics problems and guide us toward a solution. parts, problems referred to in the chapter text, problems based on experimental data, order-of-magnitude problems, problems about biological applications, design problems, review problems, problems
reflecting historical reasoning, and ranking questions. The time interval indicated on the stopwatch is 4.0 s. 22. Consider its coefficients to have the units required for dimensional consistency. This textbook is intended for a course in introductory physics for students majoring in science or engineering. Using the equation for the area of a circle, A 5 pr
25p16.0cm2251.13102cm?2 Pitfall Prevention 1.4 Read Carefully Notice that the rule for addition and subtraction is different from that for multiplication and division. Consider a crystal as shown in Figure P1.7a. The density r (Greek letter rho) of any substance is defined as its mass per unit volume: m r; (1.1) V In terms of fundamental
quantities, density is a ratio of a mass to a product of three lengths. On a morning when altogether 91 birds visit the feeder, what is the number of sparrows? Is that, however, where the process of breaking down stops? Figure 2.9 is a vx -t graph that was created from the velocity versus time expression given in the problem statement. Before doing
so, we assume you have read the Preface, which describes the various features of the text and support materials that will help you through the course. Force has the SI units kg ? The velocity at each instant is indicated by a red arrow, and the constant acceleration is indicated by a purple arrow. If ax is positive, the acceleration is in the positive x
direction; if ax is negative, the acceleration is in the negative x direction. The student has learned that this situation is described by the analysis model of a particle under constant acceleration. Sometimes it is necessary to use two of these equations to solve for two unknowns. 6.30 cm 1.35 cm Figure P1.65 Challenge Problems 66. Appendix B is a
convenient review of mathematical tools used in the text. Special thanks and recognition go to the professional staff at Brooks/Cole Cengage Learning—in particular, Mary Finch, Ed Dodd, Brandi Kirksey (who managed the ancillary program and so much more), Cathy L. Find the weight of this pyramid in pounds. Find the radius of a solid aluminum
sphere that will balance a solid iron sphere of radius 2.00 cm on an equal-arm balance. These equations are not valid for describing motion whose acceleration is not constant, such as the motion of an object connected to a spring or the motion of an object through a fluid. (b) Consider the view seen by cow A. The graph is a straight line, the slope of
which is the acceleration ax; the (constant) slope is consistent with ax 5 dvx/dt being a constant. Summary Definitions The three fundamental physical quantities of mechanics are length, mass, and time, which in the SI system have the units meter (m), kilogram (kg), and second (s), respectively. (c) Where is the woman when the normal force n1 is the
greatest? CHAPTER 2 | Motion in One Dimension 34 velocity arrow decreases in time and eventually reaches zero. (For example, 1.343 becomes 1.34.) If the last digit dropped is equal to 5, the remaining digit should be rounded to the nearest even number. Find every angle u between 0 and 360° for which the ratio of sin u to cos u is 23.00. West,
Indiana State University; Dennis P. (c) If you are subtracting them? As a general rule, you should devote about two hours of study time for each hour you are in class. A graphical representation of this information is presented in Active Figure 2.1b. In the 1960s and 1970s, the meter was defined as 1 650 763.73 wavelengths1 of orange-red light
emitted from a krypton-86 lamp. r1 r2r3 S S O One light source at the center of a rolling cylinder and another at one point on the rim illustrate the different paths these two points take. The questions require students to make decisions on the basis of sound reasoning, and some of the questions have been written to help students overcome common
misconceptions. Average velocity X Dx ; xf 2 xi (2.1) We use the capital Greek letter delta (D) to denote the change in a quantity. (b) Compute the order of magnitude of the mass of a bathtub half full of copper coins. 1.6 | Significant Figures 11 2. This feature encourages students to think about the results of the example, and it also assists in
conceptual understanding of the principles. See Table 14.1 in Chapter 14 for densities of several materials. To do so, think carefully about what is going on in the problem and match it to a situation you have seen before. A quick look at Active Figure 2.1a indicates that it is the correct answer. Many times you will discover that more than one method
can be used to obtain a solution. (Challenge problems have problem numbers marked in red.) New Types of Problems. Students are faced with hundreds of problems during their physics courses. In this example, the lowest number of significant figures is three in 3.46 m, so we should express our final answer as 44.0 m2 . Cow A Cow B Figure P1.67
Your view of two cows in a meadow. Average and Instantaneous Velocity A particle moves along the x axis. Alex Miiller, 1987 Nobel Prize recipient. We can interpret average velocity geometrically by drawing a straight line between any two points on the position-time graph in Active Figure 2.1b. 0, and any object moving to the left undergoes a
negative displacement so that Dx, 0. Answers to all Quick Quiz questions are found at the end of the text. Further permissions questions can be emailed to [email protected]. relativity, a theory describing objects moving at any speed, even speeds approaching the speed of light 3. The diameter of our disk-shaped galaxy, the Milky Way, is about 1.0 3
105 light-years (ly). This ratio has been given a special name: the average velocity. Because of the simplicity of these types of calculations, they can be performed on a small scrap of paper and are often called “back-of-the-envelope calculations.” Ex a m pl e 1.4 Breaths in a Lifetime Estimate the number of breaths taken during an average human
liftime. Locate your local office at: international.cengage.com/region. The same rule holds for numbers less than 1, so 2.3 3 1024 has two significant figures (and therefore could be written 0.000 23) and 2.30 3 1024 has three significant figures (also written as 0.000 230). Most numerical examples are worked to either two or three significant figures,
depending on the precision of the data provided. PowerLecture™ DVD-ROM is an easy-to-use multimedia tool allowing instructors to assemble art, animations, and digital video to create fluid lectures quickly. (c) A particle moves in the 1x direction and then reverses the direction of its motion. When you encounter a new problem, you should identify
the fundamental details of the problem and attempt to recognize which of the types of problems you have already solved might be used as a model for the new problem. Answer We could claim that (80 yr)(6 3 105 min/yr) 5 5 3 107 min, so our final estimate should be 5 3 108 breaths. Therefore, Equation 2.2 gives us an equation to be used in the
mathematical representation of this situation: x Slope xi ©x vx @t t Dx Dt Remembering that Dx 5 xf 2 xi , we see that vx 5 (xf 2 xi)/Dt, or Figure 2.5 Position-time graph for vx 5 a particle under constant velocity. 5 3.281 ft 1 ft 5 0.304 8 m 5 30.48 cm 1 in. What functions could they serve? More than two hundred Pitfall Preventions (such as the one
to the right) are provided to help students avoid common mistakes and misunderstandings. The acceleration reaches a maximum at time t, when the slope of the velocity-time graph is a maximum. Therefore, this motion does not provide a time standard that is universal. The smooth curve drawn through the six points in the graph is only a possibility
of the actual motion of the car. Serway. From the exponents of T, we see that m 2 2n 5 0, which, once we substitute for n, gives us m 5 2. Recalling that Dx in Equation 2.2 represents xf 2 xi and recognizing that Dt 5tf2ti5t205t, we findthatxf2xi5vx,avgt5121vxilvxf2txf5xi1121vxilvxf2tlforconstantax 2 (2.15) This equation
provides the final position of the particle at time t in terms of the initial and final velocities. There is one point at which the instantaneous velocity is zero: at the top of the motion. s 1.672 621 637 (83) 3 10227 kg 1.007 276 466 77 (10) u 938.272 013 (23) MeV/c 2 1.097 373 156 852 7 (73) 3 107 m21 2.997 924 58 3 108 m/s (exact) Note: These
constants are the values recommended in 2006 by CODATA, based on a least-squares adjustment of data from different measurements. This determination may require information from personal experience, common sense, Internet or print research, measurement, mathematical skills, knowledge of human norms, or scientific thinking. Table 2.1 is a
tabular representation of the TABLE 2.1 Position of the Car at Various Times Position t (s) x (m) 01020304050 3052 380237 253 The car moves to the right between positions and . It can be written in terms of the momentum p (Chapter 9) and mass m as p2 K5 2m (a) Determine the proper units for momentum using dimensional analysis.
Supporting Materials for the Instructor Supporting instructor materials are available to qualified adopters. Similarly, important equations are also highlighted with a background screen to facilitate location. Quick Quiz 2.5 Which one of the following statements is true? New to this edition, Master It tutorials help students solve problems by having
them work through a stepped-out solution. In 1897, J. For instance, the nucleus of a hydrogen atom contains one proton (so the atomic number of hydrogen is 1), the nucleus of a helium atom contains two protons (atomic number 2), and the nucleus of a uranium atom contains 92 protons (atomic number 92). You must rotate your eyes through an
angle of 20.0° to look from cow A to cow B. The goal is to find the woman’s position when the beam begins to tip. per day. In both worked examples and end-of-chapter problems, significant figures have been handled with care. Students are provided with suggestions for steps to solve the problem. These problems are otherwise identical, one asking
for a numerical solution and one asking for a symbolic derivation. Full solutions for approximately 20% of the problems are included in the Student Solutions Manual/Study Guide, and solutions for all problems are found in the Instructor’s Solutions Manual. 14. Each measurement is associated with a physical quantity, such as the length of an object.
68. Examples consist of two types. An ore loader moves 1 200 tons/h from a mine to the surface. If a quantity increases in value by three orders of magnitude, its value increases by a factor of about 103 5 1 000. For example, we cannot interact directly with atoms because they are too small. We have introduced calculus gradually, keeping in mind that
students often take introductory courses in calculus and physics concurrently. Physics education research has focused heavily on the problem-solving skills of students. It is called the SI (Systeme International), and its fundamental units of length, mass, and time are the meter, kilogram, and second, respectively. Regardless of the response system you
are using, we provide the tested content to support it. The arrows are shown at several instants during the motion of the object. 18. A motion diagram can be formed by imagining a stroboscopic photograph of a moving object, which shows several images of the object taken as the strobe light flashes at a constant rate. Quick Quiz 2.1 Under which of
the following conditions is the magnitude of the average velocity of a particle moving in one dimension smaller than the average speed over some time interval? If the sample is cut in half, the two pieces still retain their chemical identity as solid gold. Major developments in mechanics continued in the 18th century, but the fields of thermodynamics
and electromagnetism were not developed until the latter part of the 19th century, principally because before that time the apparatus for controlled experiments in these disciplines was either too crude or unavailable. An example of a Quick Quiz follows below. F5 11. More than nine hundred Objective and Conceptual Questions are included in this
edition. Mass The SI fundamental unit of mass, the kilogram (kg), is defined as the mass of a specific platinum-iridium alloy cylinder kept at the International Bureau of Weights and Measures at Sevres, France. Assume the free-fall acceleration is uniform over the object. Its position varies with time according to the expression x 5 24t 1 2t 2, where x
is in meters and t is in seconds.3 The position-time graph for this motion is shown in Figure 2.4a. Consider our Microsoft PowerPoint--compatible JoinIn on TurningPoint- software and our infrared or radio frequency hardware solutions. Let rAl represent the density of aluminum and rFe that of iron. End-of-chapter problems regularly state data and
answers to three-digit precision. Knowledge of the average velocity or average speed of a particle does not provide information about the details of the trip. Star A is 15.0 ly from the Earth, and star B, appearing to the right of star A, is 25.0 ly from the Earth. Every chapter contains at least one problem applying ideas and methods from differential
calculus and one problem using integral calculus. Because the position of the particle is given by a mathematical function, the motion of the particle is completely known, unlike that of the car in Active Figure 2.1. Notice that the particle moves in the negative x direction for the first second of motion, is momentarily at rest at the momentt 5 1 s, and



moves in the positive x direction at times t . This method is somewhat similar to the common practice in the legal profession of finding “legal precedents.” If a previously resolved case can be found that is very similar legally to the current one, it is used as a model and an argument is made in court to link them logically. Online homework has never
been easier! Whether you're an experienced veteran or a beginner, WebAssign is the market leader in online homework solutions and the perfect solution to fit your homework management needs. At the center of each atom is a nucleus. 2.5 Motion Diagrams The concepts of velocity and acceleration are often confused with each other, but in fact they
are quite different quantities. Second, you should acquire the habit of writing down the information given in a problem and those quantities that need to be found; for example, you might construct a table listing both the quantities given and the quantities to be found. (b) Find the speed of the block as it passes through the equilibrium point. The model
of a particle CHAPTER 2 | Motion in One Dimension 28 under constant velocity can be applied in any situation in which an entity that can be modeled as a particle is moving with constant velocity. =60 =50 240 =230 =220 210 x(m) 60 x (m) 0 10 20 30 40 50 60 ©®x40 ©@t20 0 =60 =50 =240 =30 =20 =10 x (m) 0 10 20 The car moves to the left
between positions and . xix xx Preface All worked examples are also available to be assigned as interactive examples in the Enhanced WebAssign homework management system. The constant k would not equal 1 if, for example, v were in km/h and you wanted a in m/s2 . In contrast, the special theory of relativity developed later by Albert Einstein
(1879-1955) gives the same results as Newton’s laws at low speeds but also correctly describes the motion of objects at speeds approaching the speed of light. Staunton, Drake University; Glenn B. From these data, calculate the density of lead in SI units (kilograms per cubic meter). To an order of magnitude, through how many revolutions will it turn
over its lifetime? In such a case, the average acceleration ax,avg over any time interval is numerically equal to the instantaneous acceleration ax at any instant within the interval, and the velocity changes at the same rate throughout the motion. (b) Visualize the one cubic centimeter as formed by stacking up identical cubes, with one copper atom at
the center of each. A child loves to watch as you fill a transparent plastic bottle with shampoo (Fig P1.65). One piece of evidence for the regular arrangement of atoms comes from the flat surfaces along which a crystal separates, or cleaves, when it is broken. At what rate is its level in the bottle rising (a) at a point where the diameter of the bottle is
6.30 cm and (b) at a point where the diameter is 1.35 cm? Cow B is 25.0 m from your position. Summaries. The value of the constant velocity is the slope of the line. We could equally well write 6.375 m 5 6.37 m, “rounding down” instead of “rounding up,” because we would change the number 6.375 by equal increments in both cases. The average
speed v avg of a particle, a scalar quantity, is defined as the total distance d traveled divided by the total time interval required to travel that distance: vavg ; d Dt (2.3) The SI unit of average speed is the same as the unit of average velocity: meters per second. Each purple acceleration arrow in parts (b) and (c) of Active Figure 2.10 is the same length.
No question is asked. Let us assume the velocity and acceleration are in the same direction. Analysis begins by identifying the appropriate analysis model. In all remaining chapters, the strategy is employed explicitly in every example so that students learn how it is applied. Conceptual Questions are more traditional short-answer and essay-type
questions that require students to think conceptually about a physical situation. « Watch It solution videos that explain fundamental problem-solving strategies, to help students step through the problem. For the equation to be dimensionally correct, the quantity on the right side must also have the dimension of length. When facing a real-world issue
such as global warming or nuclear weapons, it may be necessary to call on ideas in physics from several parts of a textbook such as this one. The dimensions and units of area, volume, speed, and acceleration are listed in Table 1.5. The dimensions of other quantities, such as force and energy, will be described as they are introduced in the text. The
acceleration is constant and positive between time graph at each instant. He has given more than 90 presentations both domestically and abroad, including multiple presentations at national meetings of the AAPT. Vahé Peroomian reviewed the end-of-chapter questions and problems sets and offered valuable suggestions for improving them; we are
very thankful for his help. b ACTIVE FIGURE 2.3 (a) Graph representing the motion of the car in Active Figure 2.1. (b) An enlargement of the upperleft-hand corner of the graph. Distance is always represented as a positive number, whereas displacement can be either positive or negative. Displacement is an example of a vector quantity. The chapter
on relativity is placed near the end of the text because this topic often is treated as an introduction to the era of “modern physics.” If time permits, instructors may choose to cover Chapter 39 after completing Chapter 13 as a conclusion to the material on Newtonian mechanics. An automobile company displays a die-cast model of its first car, made
from 9.35 kg of iron. An extensive set of problems is included at the end of each chapter; in all, this edition contains over 3 300 problems. In physics, we can categorize motion into three types: translational, rotational, and vibrational. Such a plot is called a position-time graph. We wish to acknowledge the following xxvii xxviii Preface scholars and
express our sincere appreciation for their suggestions, criticisms, and encouragement: Jennifer Blue, Miami University of Ohio Norbert Chencinski, College of Staten Island/The City University of New York Jeffrey Christafferson, Ferris State University Brent A. Rather than undertake xxx To the Student an all-night study session before a test, briefly
review the basic concepts and equations, and then get a good night’s rest. There are now three pairs of these problems in most chapters, indicated by tan shading in the end-of-chapter problems set. Also added for this edition is a new feature for many pieces of art: “focus pointers” that either point out important aspects of a figure or guide students
through Preface xvii a process illustrated by the artwork or photo. How much work did laborers do on the blocks to put them in position while building the entire monument? 30 SOLUTION 20 Think about what the particle is doing from the mathematical representation. Carry out the arithmetic operations (a) the sum of the measured values 756, 37.2,
0.83, and 2; (b) the product 0.003 2 3 356.3; and (c) the product 5.620 3 p. In a distance of one-quarter mile, a vehicle reaches speeds of more than 320 mi/h, covering the entire distance in under 5 s. Jewett, Jr. Anaheim, California xxix to the student It is appropriate to offer some words of advice that should be of benefit to you, the student. The
number of significant figures in a measurement can be used to express something about the 12 CHAPTER 1 | Physics and Measurement uncertainty. When faced with a new problem, a physicist forms a model of the problem that can be solved in a simple way by identifying the fundamental principle that is applicable in the problem. Use the analysis
model approach to save you hours of looking for the correct equation and to make you a faster and more efficient problem solver. The four kinematic equations used most often are listed for convenience in Table 2.2. The choice of which equation you use in a given situation depends on what you know beforehand. Jewett, Jr. This two-volume manual
features detailed solutions to 20% of the end-of-chapter problems from the text. We will do something similar in physics. The estimated uncertainty in the result is 62%. This collection of 250 advanced conceptual questions has been tested in the classroom for more than ten years and takes peer learning to a new level. The standard of density in this
system is to be defined as that of water. 5. 2.1 | Position, Velocity, and Speed 23 The average velocity of a particle moving in one dimension can be positive or negative, depending on the sign of the displacement. In October 1983, however, the meter was redefined as the distance traveled by light in vacuum during a time of 1/299 792 458 second. Dr.
Jewett began his academic career at Richard Stockton College of New Jersey, where he taught from 1974 to 1984. Mod. (a) Use information on the endpapers of this book to calculate the average density of the Earth. After it travels d 5 840 m, it is heading u 5 35.0° south of east. Figure P1.46 shows students studying the thermal conduction of energy
into cylindrical blocks of ice. (d) Why isn’t the answer to part (c) half the answer to part (b)? (a) eastward (b) westward (c) neither eastward nor westward From now on, we shall use the term acceleration to mean instantaneous acceleration. Master It tutorials help students work through each step of the problem. As we will see in Chapter 20, this
process is described by the equation Q Dt 5k pd 2 1 Th 2 Tc 2 4L For experimental control, in one set of trials all quantities except d and Dt are constant. (a) A particle moves in the 1x direction without reversing. (d) Explain whether the value from part (c) agrees with the result of a direct calculation of the mass of a solid sphere of uniform density
made of the same material as the shell. A screen shot from a Watch It solution video appears below: Watch It solution videos help students visualize the steps needed to solve a problem. A student walks around the f pool and measures its circumference to be 15.0 m. For example, the symbol we use for speed in this book is v, and in our notation, the
dimensions of speed are written [v] 5 L/T. The first of the four is the particle model discussed in the introduction to this chapter. If a scale model represents the Milky Way and Andromeda galaxies as dinner plates 25 cm in diameter, determine the distance between the centers of the two plates. The solutions to problems new to the Eighth Edition are
marked for easy identification. Study Schedule It is important that you set up a regular study schedule, preferably a daily one. Dr. Serway and his wife Elizabeth enjoy traveling, playing golf, fishing, gardening, singing in the church choir, and especially spending quality time with their four children and nine grandchildren. He is currently Emeritus
Professor of Physics at California State Polytechnic University, Pomona. Thatis, 3 antm 4 5 L 5 L1TO Because the dimensions of acceleration are L/T2 and the dimension of time is T, we have 1 L/T22n Tm 5 L1TO S 1 Ln Tm22n 2 5 L1TO The exponents of L and T must be the same on both sides of the equation. This feature encourages students to
think about the results of the example and assists in conceptual understanding of the principles. As recently as 1960, the length of the meter was defined as the distance between two lines on a specific platinum-iridium bar stored under controlled conditions in France. This relationship is correct only if the dimensions of both sides are the same. Ekpo,
Bethune-Cookman University; Michael Fauerbach, Florida Gulf Coast University; Nail Fazleev, University of Texas, Arlington; Terrence F. This structure predicts the correct charge for the proton. This rich, interactive eBook includes links to animated Active Figures and allows students to highlight the text, add their own notes, and bookmark pages.
This occasionally makes some mathematical manipulations look odd or incorrect. The physicist Enrico Fermi was famous for asking questions like this one on oral Ph.D. qualifying examinations. The pyramid described in Problem 18 contains approximately 2 million stone blocks that average 2.50 tons each. quantum mechanics, a collection of theories
connecting the behavior of matter at the submicroscopic level to macroscopic observations The disciplines of mechanics and electromagnetism are basic to all other branches of classical physics (developed before 1900) and modern physics (c. The clock will neither gain nor lose a second in 20 million years. Quick Quiz 7.5 A dart is loaded into a
spring-loaded toy dart gun by pushing the spring in by a distance x. y (km) y (km) S20uRSA20bA0BDb200S S x (km) a x (km) b Figure 3.11 (Example 3.2) (a) Graphical method for finding the resulS S S tant displacement vector R 5 A 1 B. The car starts out by moving to the right, which we defined to be the positive direction. We only have
information about six instants of time; we have no idea what happened between the data points. Important Definitions and Equations. Avoid the practice of delaying study until a day or two before an exam. The tropical year, the time interval from one vernal equinox to the next vernal equinox, is the basis for our calendar. A woman of mass m 5 55.0 kg
steps onto the left end of the beam and begins walking to the right as in Figure P12.38. The acceleration then goes to zero at time t , when the velocity is a maximum (that is, when the slope of the vx -t graph is zero). After walking a distance d closer to the mountain on level ground, she finds the angle to be f. It follows that any object always moving
to the right undergoes a positive displacement Dx . All other quantities in mechanics can be expressed in terms of these three. In other words, the instantaneous velocity vx equals the limiting value of the ratio Dx/Dt as Dt approaches zero:1 vx ; lim Dt S 0 Dx Dt (2.4) In calculus notation, this limit is called the derivative of x with respect to t, written
dx/dt: Dx dx vx ; lim 5 (2.5) Dt S 0 Dt dt The instantaneous velocity can be positive, negative, or zero. | Problems 34. The Pitfall Preventions will also help guide you away from common misunderstandings about physics. —Henri Poincaré Mechanics part 1 Physics, the most fundamental physical science, is concerned with the fundamental principles of
the Universe. A highway curve forms a section of a circle. The acceleration at any instant is the slope of the tanFigure 2.8 (Conceptual Example 2.5) (a) Position-time graph gent to the vx -t graph at that instant. Which of the following gives the correct units for force? She determines the velocity of an experimental subject while he runs along a
straight line at a constant rate. (a) 0.032 kg (b) 15 g (c) 2.7 3 105 mg (d) 4.1 3 1028 Gg (e) 2.7 3 108 mg 2. In a situation in which data are known to three significant digits, we write 6.379 m 5 6.38 m and 6.374 m 5 6.37 m. Jewett, Jr. earned his undergraduate degree in physics at Drexel Uni- versity and his doctorate at Ohio State University,
specializing in optical and magnetic properties of condensed matter. Zeros may or may not be significant figures. The volume of a pyramid is given by the expression V 5 13 Bh, where B is the area of the base and h is the height. Often, students fail to recognize the limitations of certain equations or physical laws in a particular situation. (d) There are
no conditions for which this is true. Jewett have revised the Fifth Edition of PRINCIPLES OF PHYSICS to include a new worked example format, new biomedical applications, two new ... Our resource for Principles of Physics includes answers to chapter exercises, as well as detailed information to walk you through the process step by step. Therefore,
the motion of the particle is not completely known because we don’t know its position at all times. (b) If a car is slowing down, its acceleration must be negative. The variables length, time, and mass are examples of fundamental quantities. This procedure is sometimes used in the xxxi xxxii To the Student worked examples of the textbook. Which cam
is larger? The instructor’s Web site, www.cengage.com/physics/serway, provides lists of all the various problem types, including problems most often assigned in Enhanced WebAssign, symbolic problems, quantitative/conceptual problems, Master It tutorials, Watch It solution videos, impossibility problems, paired problems, problems using calculus,
problems encouraging or requiring computer use, problems with What If? This definition of the meter is valid throughout the Universe based on our assumption that light is the same everywhere. First and foremost, maintain a positive attitude toward the subject matter, keeping in mind that physics is the most fundamental of all natural sciences. The
car is moving with a positive velocity, but with a negative acceleration. (a) Estimate the total number of bacteria and other prokaryotes on the Earth. Determine the volume of each cube. Neither of these standards is constant in time; when a new king took the throne, length measurements changed! The French standard prevailed until 1799, when the
legal standard of length in France became the meter (m), defined as one ten-millionth of the distance from the equator to the North Pole along one particular longitudinal line that passes through Paris. This important analysis model will be discussed in the next section. Another example of a derived quantity is density. Because the dimension of the left
side is length, the dimension of the right side must also be length. As revised for the Eighth Edition: 38. Knowing that 4 quarts make a gallon and that 1 liter is close to 1 quart, she quickly reasons that she can buy how many gallons of gasoline? (a) Consider the fourth experimental point from the top. It might be easier to interpret these units if you
think of them as meters per second per second. xv xvi Preface Impossibility problems. For example, certain equations in kinematics apply only to a particle moving with constant acceleration. (b) Estimate the total mass of all such microbes. A water fountain is at the center of a circular pool as shown in Figure P1.53. The slope of the green line in
Figure 2.6b is equal to the instantaneous acceleration at point . 3 4 CHAPTER 1 | Physics and Measurement If we are to report the results of a measurement to someone who wishes to reproduce this measurement, a standard must be defined. Enhanced WebAssign is available for Physics for Scientists and Engineers, giving you the freedom to assign
every end-of-chapter problem and question ¢ the problems most often assigned by your colleagues in Enhanced WebAssign (the blue-shaded problems in each chapter’s problems set), enhanced with targeted feedback and either a Master It tutorial or a Watch It solution video. One second is now defined as 9 192 631 770 times the period of vibration
of radiation from the cesium-133 atom.2 Approximate values of time intervals are presented in Table 1.3. © 2005 Geoffrey Wheeler Photography Time b Figure 1.1 (a) The National StanTABLE 1.2 TABLE 1.3 Approximate Masses of Various Objects Approximate Values of Some Time Intervals Mass (kg) Observable Universe Milky Way galaxy Sun
Earth Moon Shark Human Frog Mosquito Bacterium Hydrogen atom Electron 2Period , 1052, 1042 1.99 3 1030 5.98 3 1024 7.36 3 1022, 103, 102, 1021, 1025, 1 310215 1.67 310227 9.11 3 10231 Time Interval (s) Age of the Universe Age of the Earth Average age of a college student One year One day One class period Time interval between
normal heartbeats Period of audible sound waves Period of typical radio waves Period of vibration of an atom in a solid Period of visible light waves Duration of a nuclear collision Time interval for light to cross a proton is defined as the time interval needed for one complete vibration. Expansion of the Analysis Model Approach. Because the distance
between atoms in a molecule is on the order of 0.1 nm, your answer suggests how rapidly layers of atoms are assembled in this protein synthesis. The student must determine what needs to be calculated and why the situation is impossible. Calculate the spacing d between two adjacent atomic planes that separate when the crystal cleaves. These
features, which are placed in the margins of the text, address both common student misconceptions and situations in which students often follow unproductive paths. As another example, suppose x is proportional to some power of t such as in the expression x 5 At n where A and n are constants. (b) State how your results compare with those given in
Table 14.1. Substance Mass (g) Diameter (cm) Length (cm) Aluminum Copper Brass Tin Iron 51.5 56.3 94.4 69.1 216.1 2.52 1.23 1.54 1.75 1.89 3.75 5.06 5.69 3.74 9.77 56. Preface Worked Examples. The data in the following table represent measurements of the masses and dimensions of solid cylinders of aluminum, copper, brass, tin, and iron. (a)
less than 1 gallon (b) about 5 gallons (c) about 8 gallons (d) more than 10 gallons 5. (d) Find the height y. This portion of classical mechanics is called kinematics. 29. In some cases, you may find it necessary to refer to the textbook’s index to locate certain topics. The monument is 15.7 m high and 64.8 m wide at its base and is everywhere 3.60 m
thick from front to back. For example, suppose the mass of an object is given as 1 500 g. denotes asking for quantitative and conceptual reasoning denotes symbolic reasoning problem denotes Master It tutorial available in Enhanced WebAssign denotes guided problem shaded denotes “paired problems” that develop reasoning with symbols and
numerical values Section 1.1 Standards of Length, Mass, and Time Note: Consult the endpapers, appendices, and tables in the text whenever necessary in solving problems. The scientist starts the stopwatch at the moment the runner passes a given point and stops it after the runner has passed another point 20 m away. Feynman, Nobel laureate in
physics, once said, “You do not know anything until you have practiced.” In keeping with this statement, we strongly advise you to develop the skills necessary to solve a wide range of problems. The effects of such developments and discoveries on our society have indeed been great, and it is very likely that future discoveries and developments will be
exciting, challenging, and of great benefit to humanity. A sample of a worked example can be found on the next page. The first (and most common) example type presents a problem and numerical answer. The shell wall has uniform thickness and is made of a material with density 4.70 g/cm3. Newell, “CODATA Recommended Values of the
Fundamental Physical Constants: 2006.” Rev. Part 1 (Chapters 1 to 14) deals with the fundamentals of Newtonian mechanics and the physics of fluids; Part 2 (Chapters 15 to 18) covers oscillations, mechanical waves, and sound; Part 3 (Chapters 19 to 22) addresses heat and thermodynamics; Part 4 (Chapters 23 to 34) treats electricity and
magnetism; Part 5 (Chapters 35 to 38) covers light and optics; and Part 6 (Chapters 39 to 46) deals with relativity and modern physics. Similarly, in the second calculation, the result has only one significant figure even though the numbers being subtracted have four and three, respectively. (b) Does the cost of the gold significantly enhance the value
of the coin? If the pendulum makes a constant angle u with the perpendicular to the ceiling, what is a? Quick Quiz 1.1 In a machine shop, two cams are produced, one of aluminum and one of iron. An auditorium measures 40.0 m 3 20.0 m 3 12.0 m. In 1990, he received the Madison Scholar Award at James Madison University, where he taught for 17
years. It is very important that you understand and remember the assumptions that underlie a particular theory or formalism. Notice that the slope is positive, which indicates a positive acceleration. Rank the following five quantities in order from the largest to the smallest. Through his teaching career, Dr. Jewett has been active in promoting science
education. 42. A nucleus of gold is shown in Figure 1.2. This model leads, however, to a new question: Does the nucleus have structure? In 1960, an international committee established a set of standards for the fundamental quantities of science. These features suggest the car is moving with a positive velocity and a positive acceleration. denotes
problems most often assigned in Enhanced WebAssign; these provide students with targeted feedback and either a Master It tutorial or a Watch It solution video. For permission to use material from this text or product, submit all requests online at www.cengage.com/permissions. An automobile tire is rated to last for 50 000 miles. One student uses a
meterstick to measure the thickness of a textbook and obtains 4.3 cm 6 0.1 cm. (a) For a scale model, represent the diameter of the hydrogen atom by the playing length of an American football field (100 yards 5 300 ft) and determine the diameter of the nucleus in millimeters. This concept is analogous to the definition of instantaneous velocity
discussed in Section 2.2. If we imagine that point is brought closer and closer to point in Figure 2.6a and we take the limit of Dvx /Dt as Dt approaches zero, we obtain the instantaneous acceleration at point : dvx Dvx ax ; lim 5 (2.10) Dt S 0 Dt dt W Average acceleration W Instantaneous acceleration 29 CHAPTER 2 | Motion in One Dimension 30
Figure 2.6 (a) A car, modeled as a particle, moving along the x axis from to, has velocity vxi at t 5 ti and velocity vxf at t 5 tf . Length Pitfall Prevention 1.1 Reasonable Values Generating intuition about typical values of quantities when solving problems is important because you must think about your end result and determine if it seems reasonable.
Our rule of thumb for multiplication tells us that you can claim only the number of significant figures in your answer as are present in the measured quantity having the lowest number of significant figures. Questions. For addition and subtraction, the important consideration is the number of decimal places, not the number of significant figures. A
pyramid has a height of 481 ft, and its base covers an area of 13.0 acres (Fig. To facilitate rapid comprehension, we have written the book in a clear, logical, and engaging style. (a) Find the mass m of the sphere, including its contents, as a function of a. Pose book-specific questions and display students’ answers seamlessly within the Microsoft-
PowerPoint slides of your own lecture in conjunction with the “clicker” hardware of your choice. 2.1a). Because the problem states that the subject runs at a constant rate, we can model him as a particle under constant velocity. For example, it is clear that the car covers more ground during the middle of the 50-s interval than at the end. A pet lamb
grows rapidly, with its mass proportional to the cube of its length. Richard Payne/NASA Robert Gendler/NASA 51. ax t t t t b Figure 2.7 (a) The velocity-time graph for a particle moving along the x axis. (b) Find the ratio of the volume of the hydrogen atom to the volume of its nucleus. If that is not possible, the student should be enrolled in a
concurrent course in introductory calculus. You should not deceive yourself into thinking that you understand a problem merely because you have seen it solved in class. Can you check the conversion we just performed using this photograph? (e) What If? No part of this work covered by the copyright herein may be reproduced, transmitted, stored or
used in any form or by any means graphic, electronic, or mechanical, including but not limited to photocopying, recording, scanning, digitizing, taping, Web distribution, information networks, or information storage and retrieval systems, except as permitted under Section 107 or 108 of the 1976 United States Copyright Act, without the prior written
permission of the publisher. Mohr, B. 1.1b), which measures vibrations of cesium atoms. (b) State how your answer to part (a) compares with the density of osmium, given in Table 14.1 in Chapter 14. We will not use this word in this book because it confuses the definition we have given for negative acceleration. denotes intermediate problem; 3.
Examples of figures with focus pointers appear below. We imagine a particle moving with a constant velocity. An example of a Quantitative/Conceptual problem appears here: 53. A common way of comparing these different motions is to divide the displacement Dx that occurs between two clock readings by the value of that particular time interval Dt.
The result turns out to be a very useful ratio, one that we shall use many times. You should recognize that the quantities that vary during the motion are position xf, velocity vxf, and time t. In addition to atomic number, a second number—mass number, defined as the number of protons plus neutrons in a nucleus—characterizes atoms. (b) Express
your answer as a percentage. The Milky Way galaxy (Fig. How many digits should be included as significant when the result is written down? Tom, University of California at Riverside; and Som Tyagi, Drexel University. Explorers in the jungle find an ancient monument in the shape of a large isosceles triangle as shown in Figure P9.39. In this book,
most of the numerical examples and end-of-chapter problems will yield answers having three significant figures. In many cases, the equation you find may have nothing to do with the problem you are attempting to solve. For the Eighth Edition, the authors reviewed each question and problem and incorporated revisions designed to improve both
readability and assignability. We have worked hard to prepare questions that help you judge for yourself how well you understand the material. The manual also features a list of important equations, concepts, and notes from key sections of the text in addition to answers to selected end-of-chapter questions. What we have done is determine the
instantaneous velocity at that 2.2 | Instantaneous Velocity and Speed x (m) 60 60 40 20 040 =20 =40 =60 250 10 20 30 t (s) 50 40 a The blue line between positions and approaches the green tangent line as point is moved closer to point . The international system of units (SI) is used throughout the text. The ratio of the radius of Neptune to
that of Uranus is 0.969. In this and the next few chapters, we are concerned only with translational motion. Answer each question yes or no. Use Equation 2.3 to find the car’s average speed: vavg 5 127 m 5 2.5 m/s 50 s Notice that the average speed is positive, as it must be. 51 15.0 in. Every horizontal cross section of the bottle is circular, but the
diameters of the circles have different values. Most mathematical review sections in the appendices include worked examples and exercises with answers. To an inhabitant of a planet orbiting star A, what is the angle in the sky between star B and our Sun? (More discussion of significant figures can be found in Chapter 1, pages 11-13.) Units. In this
book, we display numerical values rounded off to two or three significant figures. Dimensions can be treated as algebraic quantities. a This car has a constant acceleration in the direction of its velocity. This number is called the atomic number of the element. The first part of this textbook deals with classical mechanics, sometimes referred to as
Newtonian mechanics or simply mechanics. Answer We can convert our final answer to the appropriate units: 1.609 km b 5 137 km/h 1 mi © Cengage Learning/Ed Dodd 1 85.0 mi/h 2 a Figure 1.3 shows an automobile speedometer displaying speeds in both mi/h and km/h. Although most problems in this text are structured in the form of providing
data and asking for a result of computation, two problems in each chapter, on average, are structured as impossibility problems. The SI unit of acceleration is meters per second squared (m/s2). (b) Velocity- time graph (red-brown) for the particle moving in a straight line. Therefore, these diagrams represent motion of a particle under constant
acceleration. If the number of significant figures in the result of a calculation must be reduced, there is a general rule for rounding numbers: the last digit retained is increased by 1 if the last digit dropped is greater than 5. TextChoice Custom Options Create a text to match your syllabus. Any relationship can be correct only if the dimensions on both
sides of the equation are the same. This resource is ideal for students who need a quick review on topics such as algebra, trigonometry, and calculus. (a) Find the cost of the gold added to the coin. The price of gasoline at a particular station is 1.5 euros per liter. (g) Check the answer to part (e) by computing torques around the first pivot point. A
velocity- time graph for this constant-acceleration motion is shown in Active Figure 2.11b. m2/kg2 1.674 927 211 (84) 3 10227 kg 1.008 664 915 97 (43) u 939.565 346 (23) MeV/c 2 eU 2m p 5.050 783 24 (13) 3 10227 J/T 4p 3 1027 T ? Revision of Worked Examples. t because the slope of the vx -t graph is zero at these times. Categorize We can
categorize this example as a simple analysis problem in vector addition. Brooks Library of Congress Control Number: 2009923972 Creative Director: Bruce Bond ISBN-10: 1-4390-4844-4 Senior Art Directors: Jill Haber Atkins and Cate Rickard Barr Print Buyer: Diane Gibbons Permissions Editor: Timothy Sisler Senior Permissions Account Manager,
Images: Robyn Young Text Designer: Brian Salisbury Copy Editors: Kathleen M. SOLUTION In the first time interval, use Equation 2.2 with Dt 5tf2ti5t 2t 51 s: 3 Simplyvx,avg 1S25Dx S 22 m 5 5 22 m/s Dt 1s to make it easier to read, we write the expression as x 5 24t 1 2t 2 rather than as x 5 (24.00 m/s)t 1 (2.00 m/s2)t 2.00. Dr. Jewett’s
honors include four Meritorious Performance and Professional Promise awards, the Stockton Merit Award at Richard Stockton College in 1980, selection as Outstanding Professor at California State Polytechnic University for 1991/1992, and the Excellence in Undergraduate Physics Teaching Award from the American Association of Physics Teachers
(AAPT) in 1998. Most important definitions are set in boldface or are highlighted with a background screen for added emphasis and ease of review. 23. The following sections can be considered optional for this purpose: 2.8 4.6 6.3 6.4 7.9 9.9 11.5 14.7 15.6 15.7 18.6 18.8 22.8 25.7 25.8 26.7 27.5 28.5 29.3 29.6 30.6 31.6 33.9 34.6 36.5 36.6 36.7 36.8
36.9 36.10 38.539.1041.6 42.942.10 43.7 43.8 44.8 45.5 45.6 45.7 Kinematic Equations Derived from Calculus Relative Velocity and Relative Acceleration Motion in Accelerated Frames Motion in the Presence of Resistive Forces Energy Diagrams and Equilibrium of a System Rocket Propulsion The Motion of Gyroscopes and Tops Other Applications
of Fluid Dynamics Damped Oscillations Forced Oscillations Standing Waves in Rods and Membranes Nonsinusoidal Wave Patterns Entropy on a Microscopic Scale The Millikan Oil-Drop Experiment Applications of Electrostatics An Atomic Description of Dielectrics Superconductors Household Wiring and Electrical Safety Applications Involving
Charged Particles Moving in a Magnetic Field The Hall Effect Magnetism in Matter Eddy Currents Rectifiers and Filters Production of Electromagnetic Waves by an Antenna Lens Aberrations The Camera The Eye The Simple Magnifier The Compound Microscope The Telescope Diffraction of X-Rays by Crystals The General Theory of Relativity
Applications of Tunneling Spontaneous and Stimulated Transitions Lasers Semiconductor Devices Superconductivity Nuclear Magnetic Resonance and Magnetic Resonance Imaging Radiation Damage Radiation Detectors Uses of Radiation Acknowledgments This eighth edition of Physics for Scientists and Engineers was prepared with the guidance
and assistance of many professors who reviewed selections of the manuscript, the prerevision text, or both. Section 1.2 Matter and Model Building 6. The dot product is introduced in Chapter 7, which addresses energy of a system; the cross product is introduced in Chapter 11, which deals with angular momentum. With Expert Solutions for thousands
... Step-by-step video answers explanations by expert educators for all Principles of Physics a Calculus Based Text 5th by Raymond A. (a) How far apart are cow A and cow B? No numbers appear in the problem statement. vxf ti v vxi Pitfall Prevention 2.4 vx The car moves with different velocities at points and . * every worked example, enhanced
with hints and feedback, to help strengthen students’ problem-solving skills ¢ every Quick Quiz, giving your students ample opportunity to test their conceptual understanding Also available in Enhanced WebAssign are: ¢ animated Active Figures, enhanced with hints and feedback, to help students develop their visualization skills * a math review to
help students brush up on key quantitative concepts in algebra, trigonometry, and calculus Please visit www.webassign.net/brookscole to view a live demonstration of Enhanced WebAssign. They can be used only when the acceleration is constant. 54. How many bars will constitute a year’s supply for her? This approach is further reinforced in the
end-of-chapter summary under the heading Analysis Models for Problem Solving. (b) The particle moves in one dimension along the x axis. A major revolution in physics, usually referred to as modern physics, began near the end of the 19th century. This number has the correct units and is of the same order of magnitude as the supplied data. m2/C2
(exact) 3.343 583 20 (17) 3 10227 kg 2.013 553 212 724 (78) u 9.109 382 15 (45) 3 10231 kg 5.485 799 094 3 (23) 3 1024 u 0.510 998 910 (13) MeV/c 2 1.602 176 487 (40) 3 10219] 1.602 176 487 (40) 3 10219 C 8.314 472 (15) J/mol ? The features listed here represent the major changes in the Eighth Edition. In mechanics, the three fundamental
quantities are length, mass, and time. So as to not confuse the two vector quantities, we use red arrows for velocity and purple arrows for acceleration in Active Figure 2.10. In Active Figure 2.10a, the images of the car are equally spaced, showing us that the car moves through the same displacement in each time interval. In the first time interval, set
ti5t 50andtf 5t 51 s and use Equation 2.1 to find the displacement: Dx S 5 xf 2 xi 5 x 2 x For the second time interval (t51stot53s),settibt S51sandtf5t 53s:DxS5xf2xi5x 2x 5[24(1) 1 2(1)2] 2[24(0) 1 2(0)2]15 22 m 5[24(3) 1 2(3)2] 2 [24(1) 1 2(1)2] 5 18 m These displacements can also be read directly from the position-time
graph. Graphically, Figure 3.11b shows that the vectors added in the reverse order give us the same resultant vector. | Problems 15 Problems The problems found in this chapter may be assigned online in Enhanced WebAssign 1. Based on the results of these calculations, the student must determine why the situation described is not possible. What
If? (b) What pattern of proportionality of Dt to d does the equation predict? If the multiplier is greater than 3.162, the order of magnitude is one larger than the power of ten in the scientific notation. The instructor may select items to assign as homework or use in the classroom, possibly with “peer Pitfall Prevention 16.2 Two Kinds of Speed/Velocity
Do not confuse v, the speed of the wave as it propagates along the string, with vy, the transverse velocity of a point on the string. We are also grateful to Ralph McGrew for writing some new problems and suggesting improvements in the content of the textbook. They will help you extend your understanding beyond the simple act of arriving at a
numerical result. The laws of physics are expressed as mathematical relationships among physical quantities that we will introduce and discuss throughout the book. A duplicate of the Sevres cylinder is kept at the National Institute of Standards and Technology (NIST) in Gaithersburg, Maryland (Fig. For example, the laws of motion discovered by
Isaac Newton (1642-1727) accurately describe the motion of objects moving at normal speeds but do 2 1.1 | Standards of Length, Mass, and Time not apply to objects moving at speeds comparable to the speed of light. (a) What is the order of magnitude of the number of microorganisms in the human intestinal tract? In other words, you would like to
be able to specify your velocity just as precisely as you can specify your position by noting what is happening at a specific clock reading, that is, at some specific instant. In each chapter’s problems set, the top quartile of problems assigned in Enhanced WebAssign have blue-shaded problem numbers for easy identificaxii Preface xiii tion, allowing
professors to quickly and easily find the most popular problems assigned in Enhanced WebAssign. As revised for the Eighth Edition: 67. 62. The General Problem-Solving Strategy will guide you through complex problems. Distance is the length of a path followed by a particle. For a given problem, we search for a “physics precedent,” a model with
which we are already familiar and that can be applied to the current problem. with a A uniform beam resting on two pivots has a length L 5 6.00 m and mass M 5 90.0 kg. We have already discussed the average velocity for the interval during which the car moved from position to position (given by the slope of the blue line) and for the interval during
which it moved from to (represented by the slope of the longer blue line and calculated in Example 2.1). In this case, we would express the mass as 1.5 3 103 g if there are two significant figures in the measured value, 1.50 3 103 g if there are three significant figures, and 1.500 3 103 g if there are four. Information about drops leaving the wheel is
clarified. Answers for odd-numbered problems are provided at the end of the book. Phys. We use the symbol , for “is on the order of.” Use the procedure above to verify the orders of magnitude for the following lengths: 0.008 6 m, 1022 m 0.002 1 m, 1023 m 720 m , 103 m Usually, when an order-of-magnitude estimate is made, the results are reliable
to within about a factor of ten. In addition to his work as the coauthor for Physics for Scientists and Engineers he is also the coauthor on Principles of Physics: A Calculus-Based Text, fourth edition, as well as Global Issues, a four-volume set of instruction manuals in integrated science for high school. The atoms reside at the corners of cubes of side L
5 0.200 nm. Figure 2.7 illustrates how an acceleration-time graph is related to a velocity- time graph. Students can purchase any Cengage Learning product at your local college store or at our preferred online store www.ichapters.com. Once we have introduced these analysis models, we shall see that they appear again and again in different problem
situations. This number varies depending on whether the person is exercising, sleeping, angry, serene, and so forth. 2.6 | Analysis Model: Particle Under Constant Acceleration 35 We can now use Equations 2.1, 2.2, and 2.14 to obtain the position of an object as a function of time. (b) For what value of the variable a does m have its maximum possible
value? That is, vx 5 vx,avg. CHAPTER 1 | Physics and Measurement 16 12. Ed Oberhofer has carefully edited and improved the test bank. At the same time, we attempt to motivate the student through practical examples that demonstrate the role of physics in other disciplines, including engineering, chemistry, and medicine. The smooth curve is a
guess as to what happened, but keep in mind that it is only a guess. We define our x axis as the direction of motion of the jet. One has radius 4.50 cm. If we adopt the assumption that the details of the car’s position are described by the curve in Active Figure 2.1b, the distance traveled is 22 m (from to ) plus 105 m (from to ), for a total of 127 m. Find
the volume of this pyramid in cubic meters. (B) The car’s average velocity cannot be evaluated unambiguously with the information given, but it must have Ex a m pl e 2.3 some value between 0 and 100 m/s. ALL RIGHTS RESERVED. You should study this table as well as the next two tables and begin to generate an intuition for what is meant by, for
example, a length of 20 centimeters, a mass of 100 kilograms, or a time interval of 3.2 3 107 seconds. An American student can use 33 euros to buy gasoline. 6 CHAPTER 1 | Physics and Measurement V TABLE 1.4 Power 10224 10221 10218 10215 10212 1029 1026 1023 1022 1021 A table of the letters in the X Greek alphabet is provided on the back
endpaper of this book. Contact your local sales representative to find out about our audience response software and hardware. The average acceleration in part (A) is the slope of the blue line in Figure 2.9 connecting points and . (b) The unit of force is the newton N, where 1 N 5 1 kg ? Some Preface instructors may prefer to discuss both mechanical
and electromagnetic waves together after completing electricity and magnetism. xi ), Dx is positive and vx,avg 5 Dx/Dt is positive. In each section, flashcard-type boxes focus on each separate definition, concept, principle, or analysis model. What are (a) the volume of the room in cubic feet and (b) the weight of air in the room in pounds? The lectures
will make much more sense if you read the corresponding text material before attending them. A storyline for the problem is provided. The distance between two points, for example, can be measured in feet, meters, or furlongs, which are all different ways of expressing the dimension of length. We build and maintain all our own systems, but we don’t
charge for access, sell user information, or run ads. It is easier for students to identify a situation rather than a fundamental principle. To an order of magnitude, how many piano tuners reside in New York City? 1. Therefore, the object slows down! It is very useful to equate the direction of the acceleration to the direction of a force because it is easier
from our everyday experience to think about what effect a force will have on an object than to think only in terms of the direction of the acceleration. On the other hand, if someone familiar with our system of measurement reports that a wall is 2 meters high and our unit of length is defined to be 1 meter, we know that the height of the wall is twice
our basic length unit. 2.4 | Acceleration The mathematical manipulations for the particle under constant velocity stem from Equation 2.6 and its descendent, Equation 2.7. These equations can be used to solve for any variable in the equations that happens to be unknown if the other variables are known. Prove that one solution of the equation 2.00x 4
2 3.00x 31 5.00x 5 70.0 is x 5 22.22. The approach to solving problems should be carefully planned. The commutative law for vector addition tells us that the order of vectors in an addition is irrelevant. (c) A particle with constant acceleration can never stop and stay stopped. Match each of the expressions (a) p(r1 1 r2)[h 2 1 (r 2 2 r 1)2]1/2, (b) 2p(r
11r2),and (c) ph(r12 1 r 1r 2 1 r 22)/3 with the quantity it describes: (d) the total circumference of the flat circular faces, (e) the volume, or (f) the area of the curved surface. Hence, Einstein’s special theory of relativity is a more general theory of motion than that formed from Newton’s laws. You may have traveled at various speeds during the
walk and, of course, you changed direction. (e) Describe whether this result should be expected theoretically. Nothnagel, McHenry Community College; Lauren Novatne-Harris, Reedley College; Terry F. Find the velocitiesatti5t 50 and tf 5t 5 2.0 s by substituting these values of t into the expression for the velocity: Find the average acceleration
in the specified time interval Dt 5t 2t 52.0s: 220=3001234vx 54025t254025(0)25140m/svx 54025t254025(2.0)25120m/sax,avgbvxf2vxitf2ti5vx 2vx 20m/s240m/s5t2t2.0s20s5 210 m/s2 The negative sign is consistent with our expectations: the average acceleration, represented by the slope of the blue line
joining the initial and final points on the velocity-time graph, is negative. (Lee Waters/TRANSTOCK/Jupiter Images) tion with materials 6. How to Study Instructors are often asked, “How should I study physics and prepare for examinations?” There is no simple answer to this question, but we can offer some suggestions based on our own experiences
in learning and teaching over the years. 45. The Internet Archive is a nonprofit fighting for universal access to quality information. Teaching Options The topics in this textbook are presented in the following sequence: classical mechanics, oscillations and mechanical waves, and heat and thermodynamics, followed by electricity and magnetism,
electromagnetic waves, optics, relativity, and modern physics. Suppose your hair grows at the rate 1/32 in. The atomic number of a specific element never varies (i.e., the number of protons does not vary), but the mass number can vary (i.e., the number of neutrons varies). Some of the new features are based on our experiences and on current trends
in science education. If you are familiar with calculus, you should recognize that there are specific rules for taking derivatives. A car goes around the curve as shown in the helicopter view of Figure P1.42. (a) If a car is traveling eastward, its acceleration must be eastward. Express this equation in units of cubic feet and seconds. vxi QOvx ©tx tf v vxf
ti tf t The slope of the blue line connecting and is the average acceleration of the car during the time interval @t tf = ti (Eq. 2.9). Which of the following is the best estimate for the mass of all the people living on the Earth? At t 5 0, is it moving to the right or to the left? An example of a Guided Problem appears here: 38. P. These specific strategies
follow the outline of the General Problem-Solving Strategy. (c) Using the labeled picture, write two trigonometric equations relating the two selected variables. For example, the symbol for time is almost always t. Roose, Trinity Christian College; Nanjundiah Sadanand, Central Connecticut State University; Joshua Sasmor, Seton Hill University; Andria
Schwortz, Quinsigamond Community College; Mariana Sendova, New College of Florida; Henry R. Therefore, classical mechanics is of vital importance to students from all disciplines. The magnitude of R can be obtained from the law of cosines as applied to the triangle in Figure 3.11a (see Appendix B.4). (a) If an equation is dimensionally correct,
does that mean that the equation must be true? (b) A particle moves in the 2x direction without reversing. The main objectives of physics are to identify a limited number of fundamental laws that govern natural phenomena and use them to develop theories that can predict the results of future experiments. This approach will help students think
symbolically when they solve problems instead of automatically looking to insert numbers into an equation to solve a problem. The velocity and acceleration are in the same direction. This layout facilitates matching the concept with its mathematical execution and helps students organize their work. Pedagogical Color Chart Mechanics and
Thermodynamics S Linear ( p) and S angular (L) momentum vectors Linear and angular momentum component vectors Displacement and position vectors Displacement and position component vectors S S Linear (v ) and angular (v) velocity vectors Velocity component vectors S Torque vectors ( t) Torque component vectors S Force vectors (F) Force
component vectors Schematic linear or rotational motion directions S Acceleration vectors ( a ) Acceleration component vectors Energy transfer arrows Weng Dimensional rotational arrow Enlargement arrow Qc Qh Springs Pulleys Process arrow Electricity and Magnetism Electric fields Electric field vectors Electric field component vectors
Capacitors Magnetic fields Magnetic field vectors Magnetic field component vectors Voltmeters V Ammeters A Inductors (coils) Positive charges s Negative charges = Resistors Batteries and other DC power supplies AC Sources Lightbulbs Ground symbol s = Current Switches Light and Optics Light ray Focal light ray Central light ray Mirror Curved
mirror Objects Converging lens Diverging lens Images Some Physical Constants Quantity Symbol Valuea Atomic mass unit u Avogadro’s number NA 1.660 538 782 (83) 3 10227 kg 931.494 028 (23) MeV/c 2 6.022 141 79 (30) 3 1023 particles/mol Bohr magneton mB 5 Bohr radius Boltzmann’s constant Compton wavelength eU 2Zm e U2 m e e 2k e R
kB 5 NAhIC 5 m ec a0 5 Coulomb constant ke 5 Deuteron mass md Electron mass me Electron volt Elementary charge Gas constant Gravitational constant Neutron mass eV e R G mn Nuclear magneton mn 5 Permeability of free space m0 Permittivity of free space PO 5 Planck’s constant h U5 Proton mass mp Rydberg constant Speed of light in
vacuum RH c 1 4pP0 9.274 009 15 (23) 3 10224 J/T 5.291 772 085 9 (36) 3 10211 m 1.380 650 4 (24) 3 10223 J/K 2.426 310 217 5 (33) 3 10212 m 8.987 551 788 . (a) At the time of this book’s printing, the U.S. national debt is about $10 trillion. For motion at zero acceleration, we see from Equations 2.13 and 2.16 that vxf 5 vxi 5 vx f xf 5 xi 1 vxt when
ax 5 0 That is, when the acceleration of a particle is zero, its velocity is constant and its position changes linearly with time. The correct expression for this situation is x 5 12 at 2 as we show in Chapter 2. The particle moves only along the x axis in one dimension as shown in Figure 2.4b. (b) The velocity-time graph eration versus time for this object is
shown in Figure for the object is obtained by measuring the slope of the position- 2.8c. As an example of this rule, consider the sum 23.2 1 5.174 5 28.4 Notice that we do not report the answer as 28.374 because the lowest number of decimal places is one, for 23.2. Therefore, our answer must have only one decimal place. (The time interval Dt is
always positive.) If the coordinate of the particle increases in time (that is, if xf . On the other hand, when the object’s velocity and acceleration are in opposite directions, the object is slowing down. Such instantaneous changes cannot occur in reality. When the object’s velocity and acceleration are in the same direction, the object is speeding up.
Quick Quiz 2.4 If a car is traveling eastward and slowing down, what is the direction of the force on the car that causes it to slow down? A good rule of thumb to use in determining the number of significant figures that can be claimed in a multiplication or a division is as follows: When multiplying several quantities, the number of significant figures in
the final answer is the same as the number of significant figures in the quantity having the smallest number of significant figures. Often, however, several concepts must be used and a number of calculations are required to obtain that final answer. You can add your own course notes, supplements, lecture outlines, and other materials to the beginning
or end of any chapter as well as arrange text chapters in any order or eliminate chapters you don’t cover in the course. Rutledge, University of California at Irvine; Greg Severn, University of San Diego; Harry W. Test Bank by Ed Oberhofer (University of North Carolina at Charlotte and LakeSumter Community College). The monument is made from
tens of thousands of small stone blocks of density 3 800 kg/m3. where the ratio in parentheses is equal to 1. Let us describe the motion of the car in each diagram. In addition to the mathematical reviews, the appendices contain tables of physical data, conversion factors, and the SI units of physical quantities as well as a periodic table of the elements.
m/s2. A student’s dormitory room measures 3.8 m by 3.6 m, and its ceiling is 2.5 m high. After walking 1.00 km closer to the mountain on level ground, she finds the angle to be 14.0°. For those instructors teaching a two-semester sequence, some sections and chapters could be deleted without any loss of continuity. When the ball reaches the end of
the grooved track, it trips the escapement mechanism of the clock and the platform tilts the other way, sending the ball on a return journey. Hint: What does the situation look like to a hummingbird hovering above the meadow? Before 1967, the standard of time was defined in terms of the mean solar day. In 1967, the second was redefined to take
advantage of the high precision attainable in a device known as an atomic clock (Fig. It is negative between t and t because the slope of the vx -t graph is negative during this interval. As part of the full-scale analysis and revision of the questions and problems sets, the authors utilized extensive user data gathered by WebAssign, from both
instructors who assigned and students who worked on problems from previous editions of Physics for Scientists and Engineers. (This expression is a very common functional form.) The derivative of x with respect to t is dx 5 nAt n21 dt Applying this rule to Example 2.6, in which vx 5 40 2 5t 2, we quickly find that the acceleration is ax 5 dvx /dt 5 210t.
Unlike average velocity, however, average speed has no direction and is always expressed as a positive number. 59. An example of targeted feedback appears below: The most widely assigned problems in Enhanced WebAssign include feedback to address common mistakes that students make. This answer is still on the order of 109 breaths, so an
order-of-magnitude estimate would be unchanged. (b) If this volume flow rate of air entering the balloon is constant, at what rate will the radius be increasing when the radius is 13.0 cm? Section 1.4 Conversion of Units 13. Cow A is due north of you. The Internet Archive is working to keep the record straight by recording government websites, news
publications, historical documents, and more. The displacement Dx of a particle is defined as its change in position in some time interval. The speed v is constant for a uniform medium, whereas vy varies sinusoidally. Visit www.cengage.com/physics/serway to download samples of our personal response system content. Our platform-neutral content is
perfect for use with the “clicker” program of your choice. This situation corresponds to an object 2.4 | Acceleration 31 that experiences a force acting in the same direction as its velocity. Now consider an order-of-magnitude estimate, in which factors of change rather than increments are important. Assume a month is 30.0 days. (a) four times as fast
(b) two times as fast (c) the same (d) half as fast (e) one-fourth as fast Pitfall Preventions. A rod extending between x 5 0 and x 5 14.0 cm has uniform cross-sectional area A 5 9.00 cm2. We have chosen a writing style that is somewhat informal and relaxed so that students will find the text appealing and enjoyable to read. The mass of a copper atom is
1.06 3 10225 kg, and the density of copper is 8 920 kg/m3 . m2/s2 (c) kg/m ? Eating just one square each day, she makes each large bar last for one and one-third months. (c) Explain physically why the answer to part (b) is larger or smaller than 0.9 cm/s, if it is different. The same rule applies to division. We dedicate this book to our wives, Elizabeth
and Lisa, and all our children and grandchildren for their loving understanding when we spent time on writing instead of being with them. For example, suppose it takes you 45.0 s to travel 100 m down a long, straight hallway toward your departure gate at an airport. You must be able to solve the problem and similar problems on your own. Because
the slope of the entire vx -t curve is negative, we expect the acceleration to be negative. Why is the metric system of units considered superior to most other systems of units? Therefore, we must report the result with only two significant figures as shown above. You should form a mental image of the object having a velocity that is along a straight line
and is increasing by 2 m/s during every time interval of 1 s. (b) Does the number of bacteria suggest whether the bacteria are beneficial, dangerous, or neutral for the human body? 67. One of the most important problem-solving techniques is to build a model for the problem: identify a system of physical components for the problem and make
predictions of the behavior of the system based on the interactions among its components or the interaction between the system and its surrounding environment. (C) Because the spacecraft’s instantaneous velocity is constant, its instantaneous velocity at any time and its average velocity over any time interval are the same. The instantaneous speed
of a particle is defined as the magnitude of its instantaneous velocity. Finally, the data were used to ensure that the problems most often assigned were retained for this new edition. Instructor’s Companion Web Site. Time is one of the basic quantities that we use in studying the motion of objects. 4 3 1017 1.3 3 1017 6.3 3108 3.2 3 107 8.6 3104 3.0
3103831021,1023,1026, 10213, 10215, 10222, 10224 dard Kilogram No. 20, an accurate copy of the International Standard Kilogram kept at Sevres, France, is housed under a double bell jar in a vault at the National Institute of Standards and Technology. K 6.674 28 (67) 3 10211 N ? Manny Ramirez hits a home run so that the baseball just
clears the top row of bleachers, 24.0 m high, located 130 m from home plate. Finally, after you have decided on the method you believe is appropriate for a given problem, proceed with your solution. (a) Use these data to calculate the densities of these substances. If the object starts from rest, you should be able to picture it moving at a velocity of 12
m/s after 1 s, at 14 m/s after 2 s, and so on. What is the number of kilometers between the two cities? Given the data in Table 2.1, we can easily determine the change in position of the car for various time intervals. A ball rolls back and forth through grooves in the tilted platform near the bottom. Unlike standard physics problems, guidance is often
built into the problem statement. g(cos f tan u 2 sin f) Guided Problems help students break problems into steps. (d) Two stars in the sky appear to be 20.0° apart. Answers for selected questions are included in the Student Solutions Manual/Study Guide, and answers for all questions are found in the Instructor’s Solutions Manual. A particularly
important model used in the solution to physics problems is an analysis model. If you are adding three or more vectors, the resulting geometric shape is usually not a triangle. To celebrate its hundredth year in business, a worker will recast the model in solid gold from the original dies. 80:2, 633-730, 2008. Estimation problems can be fun to work
because you freely drop digits, venture reasonable approximations for unknown numbers, make simplifying assumptions, and turn the question around into something you can answer in your head or with minimal mathematical manipulation on paper. 55. Equations 2.13 through 2.17 are kinematic equations that may be used to solve any problem
involving a particle under constant acceleration in one dimension. 19. Is this value consistent with the time of 10 s being more than twice the time of 4.0 s? (c) Both cams have the same size. (b) If an equation is not dimensionally correct, does that mean that the equation cannot be true? Betweent50and t5ttttttt, the slope of the x-t graph
increases uniformly, so a vx the velocity increases linearly as shown in Figure 2.8b. =2 SOLUTION Slope z2m/s12 =203 24 46 x 8 b Figure 2.4 (Example 2.3) (a) Position-time graph for a particle having an x coordinate that varies in time according to the expression x 5 24t 1 2t 2. A calculator displays a result as 1.365 248 0 3 107 kg. Use
the Features You should make full use of the various features of the text discussed in the Preface. Dependence of mass on area for paper shapes Mass (g) 0.3 0.2 0.1 0 200 400 Area (cm2) Rectangles Squares Circles 600 Triangles Best fit Figure P1.45 46. Section 1.6 Significant Figures Note: Appendix B.8 on propagation of uncertainty may be useful
in solving some problems in this section. To the dismay of the show’s producers, most contestants succeed at the challenge. Determine the values of n and m and write the simplest form of an equation for the acceleration. Mathematical Level. vx (m/s) 40 (A) Find the average acceleration in the time interval t 5 0 to t 5 2.0 s. Are the units of R correct?
Many times a theory is satisfactory only under limited conditions; a more general theory might be satisfactory without such limitations. Is the driver exceeding the speed limit of 75.0 mi/h? Use Equation 2.2 to find the car’s average velocity: vx,avg55x2x t2t253m2 30m 283 m 55 21.7 m/s 50 s 2 0 s 50 s We cannot unambiguously find the
average speed of the car from the data in Table 2.1 because we do not have information about the positions of the car between the data points. Several sections in various chapters have been streamlined, deleted, or combined with other sections to allow for a more balanced presentation. Find the number of seconds in a tropical year. xxv xxvi Preface
Instructor’s Solutions Manual by Mike Ziegler (The Ohio State University) and Eric Mandell (Bowling Green State University). S A truck is moving with constant acceleration a up a hill that makes an angle f with the horizontal as in Figure P6.51. Always Include Units When performing calculations, include the units for every quantity and carry the
units through the entire calculation. In a side view, the ramp appears as a right triangle with height 15.7 m at the top end and base 64.8 m (Fig. 40. An example of an impossibility problem appears here: The initial phrase in italics signals an impossibility problem. Pedagogical Use of Color. What considerations about water would you need to address
to make sure that the standard of density is as accurate as possible? We write 500 m, 103 m because 500 differs from 100 by a factor of 5 while it differs from 1 000 by only a factor of 2. p u u d Figure 1.2 Levels of organization in matter. Between t and t t, the slope of the x-t graph decreases, so the value of t t t t t t the velocity in the vx -t graph
decreases. Protons and neutrons are composed of quarks. All in-text worked examples are presented in a two-column format to better reinforce physical concepts. From your point of view, the angle between cow A and cow B is 20.0°, with cow B appearing to the right of cow A. Flower, College of Saint Catherine; Marco Fornari, Central Michigan
University; Tom French, Montgomery County Community College; Richard Gelderman, Western Kentucky University; Anthony Gerig, Viterbo University; Mikhail Goloubev, Bowie State University; Joshua Guttman, Bergen Community College; Dean Hamden, Montclair State University; Mark Hardies, St. Petersburg College; Kathleen Harper, The Ohio
State University; Wayne Hayes, Greenville Technical College; Paul Henriksen, James Madison University; David Heskett, University of Rhode Island; Scott Hildreth, Chabot College; Tracy Hodge, Berea College; Dawn Hollenbeck, Rochester Institute of Technology; William Hollerman, University of Louisiana at Lafayette; George K. Important
contributions to classical physics were provided by Newton, who was also one of the originators of calculus as a mathematical tool. The pivot under the left end exerts a normal force nl on the beam, and the second pivot located a distance , 5 4.00 m from the left end exerts a normal force n 2. The first part of the Problems set is organized by the
sections in each chapter, but within each section the problems now “platform” students to higher-order thinking by presenting all the straightforward problems in the section first, followed by the intermediate problems. continued 1Notice that the displacement Dx also approaches zero as Dt approaches zero, so the ratio looks like 0/0. If you believe
that you need additional help in understanding the concepts, in preparing for exams, or in problem solving, we suggest that you acquire a copy of the Student Solutions Manual/Study Guide that accompanies this textbook. The first way S is to solve the problem geometrically, using graph paper and a protractor to measure the magnitude of R and its
direction in Figure 3.11a. One cubic meter (1.00 m3) of aluminum has a mass of 2.70 3 103 kg, and the same volume of iron has a mass of 7.86 3 103 kg. 58. Content The material in this book covers fundamental topics in classical physics and provides an introduction to modern physics. continued CHAPTER 2 | Motion in One Dimension 24 2.1 cont.
What is the thickness of the fresh paint on the wall? The point on the rim moves in the path called a cycloid (red curve). They begin with the phrase Why is the following situation impossible? Physical Data Often Used 3.84 3 108 m 1.496 3 1011 m 6.37 3 106 m 1.20 kg/m3 1.29 kg/m3 1.00 3 103 kg/m3 9.80 m/s2 5.97 3 1024 kg 7.35 3 1022 kg 1.99 3
1030 kg 1.013 3 105 Pa Average Earth-Moon distance Average Earth-Sun distance Average radius of the Earth Density of air (208C and 1 atm) Density of air (0°C and 1 atm) Density of water (208C and 1 atm) Free-fall acceleration Mass of the Earth Mass of the Moon Mass of the Sun Standard atmospheric pressure Note: These values are the ones
used in the text. Similarly, if we know the velocity and the final position, we could use Equation 2.7 to find the time at which the runner is at this position. Based on the positive feedback we received in a survey of the market, we have increased the number of paired problems in this edition. The theory also shows that the speed of light is the upper
limit of the speed of an object and that mass and energy are related. Hint: Use two triangles. What if the pieces are cut again and again, indefinitely? Each chapter contains a summary that reviews the important concepts and equations discussed in that chapter. Serway Emeritus, James Madison University John W. By what factor? (c) Calculate the
slope of the line. Updates have been added to reflect the current status of several areas of research and application of physics, including a new section on dark matter and information on discoveries of new Kuiper belt objects (Chapter 13), developments at the Laser Interferometer Gravitational-Wave Observatory (Chapter 37), progress in using
grating light valves for optical applications (Chapter 38), continued plans for building the ITER international fusion reactor (Chapter 45), and the status of the Large Hadron Collider (Chapter 46). The DVD-ROM also includes the ExamView - Computerized Test Bank, giving you the ability to build tests featuring an unlimited number of new questions
or any of the existing questions from the preloaded Test Bank. Remember that these equations of kinematics cannot be used in a situation in which the acceleration varies with time. (a) Assume the equation x 5 At 3 1 Bt describes the motion of a particular object, with x having the dimension of length and t having the dimension of time. Preface
instruction” methods and possibly with personal response systems. Prove that the gravitational potential energy of the object-Earth system is given by Ug Mgy CM, where M is the total mass of the object and y CM is the elevation of its center of mass above the chosen reference level. Most importantly, he relishes spending time with his wife Lisa and
their children and grandchildren. The displacement of the players over the duration of the game is approximately zero because they keep returning to the same point over and over again. If the speed is 5.00 m/s and the radius of the path is 10.0 m, we can calculate the time interval required to complete one trip around the circle: v5v52p 110.0m2d
2prd SDt5555 12.6 svv Dt 5.00 m/s 2.4 Acceleration In Example 2.3, we worked with a common situation in which the velocity of a particle changes while the particle is moving. Problem Solving and Conceptual Understanding General Problem-Solving Strategy. While you are on a trip to Europe, you must purchase hazelnut chocolate bars for
your grandmother. 1.4 | Conversion of Units 9 Quick Quiz 1.2 True or False: Dimensional analysis can give you the numerical value of constants of proportionality that may appear in an algebraic expression. (b) Calculate the rate at which the tank is filled in cubic meters per second. (a) 57.573 s (b) 57.57 s (c) 57.6 s (d) 58 s (e) 60 s denotes answer
available in Student Solutions Manual/Study Guide 2. In physics, it is important to use mathematical approximations. This value is ambiguous because we do not know whether the last two zeros are being used to locate the decimal point or whether they represent significant figures in the measurement. (b) The instantaneous acceleration can be
obtained from the velocity-time graph. More often than not, this approach has disastrous results. (Later in the book we shall discuss rotational and vibrational motions.) In our study of translational motion, we use what is called the particle model and describe the moving object as a particle regardless of its size. | Summary 13 The rules for addition
and subtraction can often result in answers that have a different number of significant figures than the quantities with which you start. Appendices and Endpapers. For instance, looking ahead to Example 3.5 on page 65, you will see the operation 217.7 km 1 34.6 km 5 17.0 km. To see how that is done, consider Active Figure 2.3a, which is a
reproduction of the graph in Active Figure 2.1b. Section 1.5 Estimates and Order-of-Magnitude Calculations Note: In your solutions to Problems 27 through 30, state the quantities you measure or estimate and the values you take for them. Corbin, University of California at Los Angeles Michael Dennin, University of California at Irvine Elena S. When
reading the text, you should jot down those points that are not clear to you. Once the simplification model is identified, the student thinks about what the entity is doing or how it interacts with its environment, which leads the student to identify a particular analysis model for the problem. (a) kg ? This result is not justified because it has three
significant figures, whereas the radius only has two. Premium eBook. Why is the following situation impossible? For this chapter, Table 14.1 and Appendix B.3 may be particularly useful. The average density of the planet Uranus is 1.27 3 103 kg/m3. Therefore, the model tells you which equation(s) to use for the mathematical representation. The
mathematical background of the student taking this course should ideally include one semester of calculus. Likewise, 1 kilogram (kg) is 103 grams (g), and 1 mega volt (MV) is 106 volts (V). Active Figure 2.1a is a motion diagram for the car studied in Section 2.1. Active Figure 2.10 represents three sets of strobe photographs of cars moving along a



straight roadway in a single direction, from left to right. The left column provides an explanation for each mathematical step in the right column, to better reinforce the physical concepts. The magnitude of the instantaneous velocity, however, is the instantaneous speed. By the early 1930s, a model evolved that described two basic entities in the
nucleus: protons and neutrons. This allows the problem to work better in Enhanced WebAssign. If you are having trouble with the course, seek the advice of the instructor or other students who have taken the course. Is it important that it is an automobile? Search for content by course name, keyword, author, title, ISBN, and other categories. After
point , vx is negative because the slope is negative and the car is moving toward smaller values of x. m2 (exact) 6.626 068 96 (33) 3 10234 ]J ? Visit the Physics for Scientists and Engineers Web site at www.cengage.com/physics/ serway to see samples of select student supplements. When a number ends in 5, we arbitrarily choose to write 6.375 m 5
6.38 m. The fundamental laws used in developing theories are expressed in the language of mathematics, the tool that provides a bridge between theory and experiment. Instead, we're powered by online donations averaging about $15. Serway received his doctorate at Illinois Institute of Technology and is Professor Emeritus at James Madison
University. In the late 1600s, with the invention of calculus, scientists began to understand how to describe an object’s motion at any moment in time. A systematic plan is especially important when a problem involves several concepts. SOLUTION You might have seen movies or television shows in which a jet lands on an aircraft carrier and is brought
to rest surprisingly fast by an arresting cable. vx vx vx t b ax ¢ ACTIVE FIGURE 2.12 axaxtd ttatte f W Position as a function of time for the particle under constant acceleration model (Quick Quiz 2.6) Parts (a), (b), and (c) are vx-t graphs of objects in one-dimensional motion. This feedback was developed by professors with years of classroom
experience. optics, the study of the behavior of light and its interacmomentum. As an example on a much smaller scale, it is possible to explain the pressure exerted by a gas on the walls of a container by treating the gas molecules as particles, without regard for the internal structure of the molecules. 1.1a). Positive values of acceleration correspond
to those points in Figure 2.7a where the velocity is increasing in the positive x direction. rl1 h r2 Figure P1.8 9. W Velocity as a function of position for the particle under constant acceleration model CHAPTER 2 | Motion in One Dimension 36 TABLE 2.2 Kinematic Equations for Motion of a Particle Under Constant Acceleration Equation Number
Equation Information Given by Equation 2.13 2.152.16 2.17xf5xi1 12 1 vxi 1 vxf2txf5xi 1 vxit 1 12axt 2 vxf25vxi 2 1 2ax 1 xf 2 xi 2 vxf 5 vxi 1 axt Velocity as a function of time Position as a function of velocity and time Position as a function of time Velocity as a function of position Note: Motion is along the x axis. For the case of motion in a
straight line, the direction of the velocity of an object and the direction of its acceleration are related as follows. Because vx 5 dx/dt, the acceleration can also be written as dvx d dx d 2x (2.12) 5 a b5 2 dt dt dt dt That is, in one-dimensional motion, the acceleration equals the second derivative of x with respect to time. Comments and notes appearing
in the margin with a X icon can be used to locate important statements, equations, and concepts in the text. By including the units in every step, you can detect errors if the units for the answer turn out to be incorrect. This presentation represents a traditional sequence, with the subject of mechanical waves being presented before electricity and
magnetism. We can obtain another useful expression for the position of a particle under constant acceleration by substituting Equation 2.13 into Equation 2.15: W Position as a function of velocity and time for the particle under constant acceleration model xf5xi 1 123 vxi1 1 vxi 1l axt2 4 txf5 xi 1 vxit 1 12axt 2 1 for constant ax 2 (2.16) This
equation provides the final position of the particle at time t in terms of the initial position, the initial velocity, and the constant acceleration. These problems can be assigned to build critical thinking skills in students. 64. 41. Concepts and Principles It is essential that you understand the basic concepts and principles before attempting to solve
assigned problems. 49. Figure P10.68 Problems 68 and 69. (b) Adding the vectors in reverse S S S order 1B 1 A 2 gives the same result for R. This led to the first atomic model that contained internal structure. Because we are interested only in the car’s translational motion, we can model it as a particle. Answers to odd-numbered problems appear in
the back of the book. A crystalline solid consists of atoms stacked up in a repeating lattice structure. Figure 2.5 is a graphical representation of the particle under constant velocity. thermodynamics, dealing with heat, work, temA Smart car, imported from Germany, moves along an American perature, and the statistical behavior of systems roadway.
This two-volume manual, thoroughly revised for this edition, contains complete worked solutions to all end-of-chapter problems in the textbook as well as answers to the even-numbered problems and all the questions. (This type of motion is exhibited by a car that skids to a stop after its brakes are applied.) The velocity and acceleration are in opposite
directions. As with average speed, instantaneous speed has no direction associated with it. Jewett, Jr. Vice President, Editor-in-Chief, Sciences: Michelle Julet Publisher: Mary Finch Development Editor: Ed Dodd © 2010 by Raymond A. feature. SOLUTION If you multiply 12.71 m by 3.46 m on your calculator, you will see an answer of 43.976 6 m2 .
The two most important developments in this modern era were the theories of relativity and quantum mechanics. The up, charmed, and top quarks have electric charges of 123 that of the proton, whereas the down, strange, and bottom quarks have charges of 213 that of the proton. These situations are based on an entity in one of four simplification
models: particle, system, rigid object, and wave. Finally, we are deeply indebted to our wives, children, and grandchildren for their love, support, and long-term sacrifices. A general strategy outlined at the end of Chapter 2 (pages 43-44) provides students with a structured process for solving problems. It is zero between t and t and for t. Dr. Serway
began his teaching career at Clarkson University, where he conducted research and taught from 1967 to 1980. 1.1 Standards of Length, Mass, and Time To describe natural phenomena, we must make measurements of various aspects of nature. The ultimate goal in many problems is a mathematical representation, which can be analyzed to solve for
some requested piece of information. Calculate the area of the plate, including its uncertainty. The left column shows textual information that describes the steps for solving the problem. Find the order of magnitude of the number of table-tennis balls that would fit into a typical-size room (without being crushed). After , the position values begin to
decrease, suggesting the car is backing up from position through position . Based on reviewer feedback from the last edition, we have made careful revisions to the worked examples so that the solutions are presented symbolically as far as possible and that numbers are substituted at the end. The problems most often assigned in Enhanced
WebAssign (shaded in blue) include either a Master It tutorial or a Watch It solution video to support students. A small sphere of mass m is suspended from the ceiling of the truck by a light cord. As another example, the dimensions of area A are [A] 5 L2. SOLUTION Identify the dimensions of v from Table 1.5: 3v4 5 L T Identify the dimensions of a
from Table 1.5 and multiply by the dimensions of t: 3at4 5 L L T 5 T T2 Therefore, v 5 at is dimensionally correct because we have the same dimensions on both sides. The analysis models provide you with a logical structure for solving problems and help you develop your thinking skills to become more like those of a physicist. Increased Number of
Paired Problems. The primary equation for this model is Equation 2.3, with the average speed v avg replaced by the constant speed v: d (2.8) Dt As an example, imagine a particle moving at a constant speed in a circular path. Scientists continually work at improving our understanding of fundamental laws. Cover Designer: Brian Salisbury Cengage
Learning products are represented in Canada by Nelson Education, Ltd. A student walks around the pool and measures its circumference C. This case corresponds to a particle moving in the positive x direction, that is, toward larger values of x. The magnitude of your average velocity is 175.0 m/55.0 s 5 11.36 m/s. On this position-time graph, the
slope of the line representing the motion is constant and equal to the magnitude of the velocity. They are also fun, having the aspect of physics “mysteries” to be solved by students individually or in groups. You pour the brightly colored shampoo into the bottle at a constant rate of 16.5 cm3/s. 31. Finalize Does the angle b that we calculated agree
with an estimate made by looking at Figure 3.11a or with an actual angle measured from the diagram using the graphical S method? 1.5 Estimates and Order-of-Magnitude Calculations Suppose someone asks you the number of bits of data on a typical musical compact disc. If payments were made at the rate of $1 000 per second, how many years
would it take to pay off the debt, assuming no interest were charged? The quantity x on the left side has the dimension of length. The average speed for your trip is 125 m/55.0 s 5 2.27 m/s. Remember that a slope has units (unless both axes have the same units). 32. Some Prefixes for Powers of Ten Power Prefix Abbreviation Power Prefix Abbreviation
10224 10221 10218 10215 10212 yocto zepto atto femtoy za £101 102 103 106 deka hecto kilo mega da h k M pico nano micro milli centidecipnmmcd 109 1012 1015 1018 1021 1024 giga tera peta exa zetta yotta GTPE ZY 1029 1026 1023 1022 1021 Physics for Scientists and Engineers with Modern Physics eighth edition Raymond A. A
physics problem typically asks for one physical quantity in a given context. 2.6 Analysis Model: Particle Under Constant Acceleration x Slope vxf xi Slope vxitt a vx If the acceleration of a particle varies in time, its motion can be complex and difficult to analyze. Ex a m pl e 1.1 Analysis of an Equation Show that the expression v 5 at, where v
represents speed, a acceleration, and t an instant of time, is dimensionally correct. SOLUTION 1 mi b 5 2.36 3 1022 mi/s 1 609 m Convert meters in the speed to miles: 1 38.0 m/s 2 a Convert seconds to hours: 1 2.36 3 1022 mi/s 2 a 60 s 60 min ba b 5 85.0 mi/h 1 min 1h The driver is indeed exceeding the speed limit and should slow down. Some of
the end-of-chapter problems also include this feature. In this book, we shall use SI units because they are almost universally accepted in science and industry. We shall discuss this model in Chapter 42. Suppose the three fundamental standards of the metric system were length, density, and time rather than length, mass, and time. h v 0 h Figure
P10.67 Problems 67 and 68. A drop that breaks loose from the tire on one turn rises h 5 54.0 cm above the tangent point. One can interpret the derivative of the velocity with respect to time as the time rate of change of velocity. Analyze In this example, we show two ways to analyze the problem of finding the resultant of two vectors. Reference to
these appendices is made throughout the text. Dr. Serway also was a visiting scientist at Argonne National Laboratory, where he collaborated with his mentor and friend, the late Dr. Sam Marshall. When the acceleration is constant, the graph of acceleration versus time (Active Fig. The nucleus of the hydrogen atom has a diameter of approximately
2.40 3 10215 m. m2/s2. question offers a variation on the situation posed in the text of the example. Flitsiyan, University of Central Florida Chris Littler, University of North Texas Steven Morris, Los Angeles Harbor College Vahé Peroomian, University of California at Los Angeles Alexander L. 2.3 Analysis Model: Particle Under Constant Velocity In
Section 1.2 we discussed the importance of making models. Brooks, Robyn Young, Joshua Duncan, Rebecca Berardy Schwartz, Sam Subity, Nicole Mollica, and Michelle Julet—for their fine work during the development, production, and promotion of this textbook. 51. Quick Quiz 2.3 Make a velocity-time graph for the car in Active Figure 2.1a.
Compositor: Lachina Publishing Services Printed in the United States of America 123456 7 13 12 11 10 09 Purchase any of our products at your local college store or at our preferred online store www.ichapters.com. When we are interested in average velocity, we shall always use the adjective average. b This car has a constant acceleration in the
direction opposite its velocity. Although the head to tail method of adding vectors works well, it suffers from two disadvantages. Protons, neutrons, and a host of other exotic particles are now known to be composed of six different varieties of particles called quarks, which have been given the names of up, down, strange, charmed, bottom, and top. R 5
"A21 B222ABcosuUseR2 A2 B2 2AB cos u from the law of cosines to find R: Substitute numerical values, noting that u 180° 60° 120°: R5"120.0km221135.0km2222120.0km2135.0km 2cos 120° 5 48.2 km Use the law of sines (Appendix B.4) to find the direction S of R measured from the northerly direction: sin bsinu 5 B R B
35.0 km sinb 5 sin u 5 sin 120° 5 0.629 R 48.2 km b 5 38.9° The resultant displacement of the car is 48.2 km in a direction 38.9° west of north. The patterns on the faces of the coin and the grooves on its edge have a negligible effect on its area. As the particle moves from an initial position xi to a final position xf, its displacement is given by Brian
Drake/Time Life Pictures/ Getty Images Displacement X Figure 2.2 On this basketball court, players run back and forth for the entire game. One very important point has not yet been mentioned. A child is surprised that because of sales tax she must pay $1.36 for a toy marked $1.25. m/A (exact) 1 mOc 2 h 2p 8.854 187 817 . Additional Problems 48.
(c) What is this maximum mass? Therefore, an understanding of the situation has led to an analysis model, which then identifies a very small number of equations to start the problem, rather than the myriad equations that students see in the chapter. Lecture Presentation Resources The following resources provide support for your presentations in
lecture. O’Dwyer, Nassau Community College; Adebanjo Oriade, Bethany College; Michael Panunto, Butte College; John Phillips, Capital University; Robert Pompi, Binghamton University, State University of New York; Dale Powers, Elmira College; Richard Powers, Los Angeles Trade Technical College; Stanley Radford, The College at Brockport, State
University of New York; Beatrice Rasmussen, University of Texas at Dallas; Cameron Reed, Alma College; Richard Rees, Westfield State College; Ken Reyzer, Cuyamaca College; Thomas R. The average speed of the car would change because the distance is different, but the average velocity would not change. Look up the density of a typical surface
rock like granite in another source and compare it with the density of the Earth. Quick Quizzes. How many significant figures are in the following numbers? Gordon and Ralph McGrew for preparing the Student Solutions Manual/ Study Guide. Contact your local sales representative to learn more about our personal response software and hardware. In
the interval t to t, the t slope of the x-t graph is still negative, and at t it goes ttt t to zero. (This rule helps avoid accumulation of errors in long arithmetic processes.) A technique for avoiding error accumulation is to delay the rounding of numbers in a long calculation until you have the final result. Air is blown into a spherical balloon so that, when
its radius is 6.50 cm, its radius is increasing at the rate 0.900 cm/s. As mentioned previously, the Problems set is organized by the sections in each chapter (about two-thirds of the problems are keyed to specific sections of the chapter), but within each section the problems now “platform” students to higherorder thinking by presenting all the
straightforward problems in the section first, followed by the intermediate problems. Equation 2.13 is the only equation in Table 2.2 that does not involve position, so we use it to find the acceleration of the jet, modeled as a particle: ax 5 v xf 2 v xi t Can You Chip In?Dear Patron: Please don't scroll past this. Conceptual Example 2.2 W Instantaneous
velocity Pitfall Prevention 2.3 Instantaneous Speed and Instantaneous Velocity In Pitfall Prevention 2.1, we argued that the magnitude of the average velocity is not the average speed. Many useful tables are contained in the appendices, but most are incorporated in the text where they are most often referenced. It is our sincere hope that you will find
physics an exciting and enjoyable experience and that you will benefit from this experience, regardless of your chosen profession. Such questions can be traced to early Greek philosophers. The calculation associated with the goal is requested. The U.S. customary system of units is used only to a limited extent in the chapters on mechanics and
thermodynamics. P1.56) is roughly a disk of diameter, 1021 m and thickness , 1019 m. 27. In this case, the object speeds up! Now suppose the velocity and acceleration are in opposite directions. Einstein’s special theory of relativity not only correctly describes the motion of objects moving at speeds comparable to the speed of light; it also completely
modifies the traditional concepts of space, time, and energy. v v ACTIVE FIGURE 2.10 a v c a Motion diagrams of a car moving along a straight roadway in a single direction. (Ray Bates, The British Clockmaker Inc.) theories must be formulated to remove the discrepancy. Before the monument was built many years ago, all the stone blocks lay on the
ground. In this case, we say that the measured value of 6.0 cm has two significant figures. An example of a Master It tutorial appears below: Master It tutorials help students organize what they need to solve a problem with Conceptualize and Categorize sections before they work through each step. The slope of the green line is the instantaneous
acceleration of the car at point (Eq. 2.10). Cover image: © Stirling Energy Systems, SunCatcher™ For your course and learning solutions, visit academic.cengage.com. Answers to Quick Quizzes and odd-numbered problems are given at the end of the textbook, and solutions to selected end-of-chapter questions and problems are provided in the
Student Solutions Manual/Study Guide. Reviewers of the seventh edition (as well as the majority of respondents to a large survey) asked specifically for an increase in the number of symbolic problems found in the text because it better reflects the way instructors want their Preface students to think when solving physics problems. Determine the
dimensions of the constants A and B. Find the average density of Neptune. P1.67). CHAPTER 1 | Physics and Measurement 10 Like dimensions, units can be treated as algebraic quantities that can cancel each other. When there is a discrepancy between the prediction of a theory and experimental results, new or modified A rolling ball clock, invented
in the early nineteenth century as an alternative to the pendulum clock. Notice that we have no information about the change in position of the jet while it is slowing down. A more general procedure using dimensional analysis is to set up an expression of the form L5 x ~ an t m where n and m are exponents that must be determined and the symbol ~
indicates a proportionality. t . For example, suppose an object has an acceleration of 12 m/s2. 53. 28. In Active Figure 2.10b, the images become farther apart as time progresses. Determine the area of this lot in square meters. J. The expression for the gravitational potential energy is provided, whereas it was requested to be proven in the original. (c)
The acceleration-time graph for the object is obtained by measuring the slope of the velocity-time 0 and t , where the slope of the vx -t graph is positive. For example, quantities can be added or subtracted only if they have the same dimensions. Would the answer to part (a) change if the inner wall were not concentric with the outer wall? Inaccuracies
caused by guessing too low for one number are often canceled by other guesses that are too high. In Section 3.4, we explore a new method of adding vectors that will address both of these disadvantages. s 1.054 571 628 (53) 3 10234 J ? When numbers are added or subtracted, the number of decimal places in the result should equal the smallest
number of decimal places of any term in the sum or difference. During class, take careful notes and ask questions about those ideas that are unclear to you. (A) What is its acceleration (assumed constant) if it stops in 2.0 s due to an arresting cable that snags the jet and brings it to a stop? At point, the slope and the instantaneous velocity are zero and
the car is momentarily at rest. The student must determine what questions need to be asked and what calculations need to be performed. Suggestion: You may find it useful to learn a geometric theorem stated in Appendix B.3. d N W u E 17 Review. (a) Determine the density of the proton. a m u The figure shows only symbolic quantities. Because the
acceleration of the jet is assumed constant, we model it as a particle under constant acceleration. (c) To display this proportionality as a straight line on a graph, what quantities should you plot on the horizontal and vertical axes? What is the speed of the car in km/h? Parts (a)-(c) of the problem ask for quantitative calculations. A hydrogen atom has a
diameter of 1.06 3 10210 m. Having identified the model, we can use Equation 2.6 to find the constant velocity of the runner: vx 5 xf2 xi 20m 2 0 Dx 55 5 5.0 m/s Dt Dt 4.0 s (B) If the runner continues his motion after the stopwatch is stopped, what is his position after 10 s has passed? L. d a b Figure P1.7 Section 1.3 Dimensional Analysis 8. Thomson
identified the electron as a charged particle and as a constituent of the atom. 3The dimensions of a quantity will be symbolized by a capitalized, nonitalic letter such as L or T. (b) Determine the dimensions of the derivative dx/dt 5 3At 2 1 B. K. This two-volume test bank contains approximately 2 200 multiple-choice questions. Classical physics includes
the principles of classical mechanics, thermodynamics, optics, and electromagnetism developed before 1900. Setze, Pearl River Community College; Anwar Shiekh, Diné College; Gurbax Singh, University of Maryland Eastern Shore; Xiangning Song, Richland College; Lawrence P. Don Farrall/Photodisc/ Getty Images model, we make predictions about
its behavior based on the interactions among the components of the system or the interaction between the system and the environment outside the system. The quark composition of a proton is shown here. A drop that breaks loose on the next turn rises 51.0 cm above the tangent point. (a) zero (b) one (c) two (d) three (e) four 7. The slope of the
straight line is vx and the y intercept is xi in both representations. xiv Preface Revised Questions and Problems Set Organization. What are the units of momentum p in terms of a newton and another fundamental SI unit? What is its area in square meters? He was the recipient of the Distinguished Teaching Award at Clarkson University in 1977 and
the Alumni Achievement Award from Utica College in 1985. When carrying out estimation calculations, we shall typically work with a single significant figure. In an infinitesimal time interval, the magnitude of the displacement is equal to the distance traveled by the particle. The acceleration is negative when the velocity is decreasing in the positive x
direction, and it reaches its most negative value at time t . That is followed by the description of a situation. Because 1 in. Notice the alternative representations of information that we have used for the motion of the car. As mentioned previously, the previous edition’s Questions section is now divided into two sections: Objective Questions and
Conceptual Questions. If the coordinate decreases in time (that is, if xf, xi ), Dx is negative and hence vx,avg is negative. (a) Demonstrate that for small angles (, 20°) par tan a < sin a < a 5 180° where a is in radians and a9 is in degrees. Area (A) Volume (V) Speed (v) Acceleration (a) L2 m2 ft 2 L3 m3 ft 3 L/T m/s ft/s L/T2 m/s2 ft/s2 The symbols we
use in this book to specify the dimensions of length, mass, and time are L, M, and T, respectively.3 We shall often use brackets [ ] to denote the dimensions of a physical quantity. (c) Find the edge dimension of each cube, which represents an estimate for the spacing between atoms. The motion of a particle is completely known if the particle’s position
in space is known at all times. When we start our clocks at t 5 0, we usually do not mean to limit the precision to a single digit. Consult the instructor’s site by pointing your browser to www.cengage.com/physics/serway for a problem correlation guide, PowerPoint lectures, and Joinln audience response content. In addition to the fundamental SI units
of meter, kilogram, and second, we can also use other units, such as millimeters and nanoseconds, where the prefixes milliand nano- denote multipliers of the basic units based on various powers of ten. When solving a problem, you should avoid browsing through the chapter looking for an equation that contains the unknown variable that is requested
in the problem. The list of such experiments is endless. . What if the average lifetime were estimated as 80 years instead of 70? Taylor, and D. Therefore, we know that the displacement between and must be a negative number having units of meters. From this diagram, we see that the acceleration and velocity arrows are not in the same direction.
In physics, however, there is a clear distinction between these two quantities. Graph the velocity versus time and the acceleration versus time for the object. b That is, the instantaneous acceleration equals the derivative of the velocity with respect to time, which by definition is the slope of the velocity-time graph. 30. In this chapter, we use positive
(1) and negative (2) signs to indicate vector direction. We'd be deeply grateful if you'd join the one in a thousand users that support us financially. How much faster does the second dart leave the gun compared with the first? What are the SI units of the proportionality constant G? Further analysis models are introduced in later chapters based on
simplification models of a system, a rigid object, and a wave. These problems (marked Review) reflect the cohesive nature of the principles in the text and verify that physics is not a scattered set of ideas. Figure P1.8 shows a frustum of a cone. f Figure P6.51 The answer to the problem is purely symbolic. (a) The block is pulled to a position xi 5 6.00
cm from equilibrium and released. Find a general equation for the height y of the mountain in terms of d, f, and u, neglecting the height of her eyes above the ground. 20 30 40 50 22 CHAPTER 2 | Motion in One Dimension same information. 26. He cuts out various shapes in various sizes, calculates their areas, measures their masses, and prepares
the graph of Figure P1.45. 65. Serway St. Petersburg, Florida John W. If you find our work useful, please pitch in. P9.38). Find the lamb’s mass at the end of this process. We thank them for their diligent efforts under schedule pressure. Answer They would not change. A woman stands at a horizontal distance x from a mountain and measures the angle
of elevation of the mountaintop above the horizontal as u. x The center moves in a straight line (green line). Text Features Most instructors believe that the textbook selected for a course should be the student’s primary guide for understanding and learning the subject matter. She measures the height reached by drops moving vertically (Fig. In terms
of our earlier force discussion, imagine a force pulling on the car opposite to the direction it is moving: it slows down. Using an alternative representation is often an excellent strategy for understanding the situation in a given problem. An analysis model is a description of either (1) the behavior of some physical entity or (2) the interaction between
that entity and the environment. Note: Before doing these calculations, try to guess at the answers. (Challenge problems have problem numbers marked in red.) In addition to the new problem types mentioned previously, there are several other kinds of problems featured in this text: * Review problems. to centimeters. 5 0.025 4 m 5 2.54 cm (exactly)
A more complete list of conversion factors can be found in Appendix A. The content and organization of the textbook are essentially the same as in the seventh edition. Most of the appendix material represents a review of mathematical concepts and techniques used in the text, including scientific notation, algebra, geometry, trigonometry, differential
calculus, and integral calculus. Ask questions whenever you believe that clarification of a concept is necessary. Each step of the solution is detailed in a two-column format. The Analysis Model approach we focus on in this revision lays out a standard set of situations that appear in most physics problems. vx t t t t a The acceleration at any time equals
the slope of the line tangent to the curve of vx versus t at that time. Students are encouraged to follow this strategy when working end-of-chapter problems. Within 48 hours after you save your project and submit your order, a consultant will call you with a quote and answer any questions you may have. The time intervals between flashes of the
stroboscope are equal in each part of the diagram. For the next loading, the spring is compressed a distance 2x. We model the car as a particle. Between positions and , the car travels almost 40 m, but during the last 10 s, between positions and , it moves less than half that far. Bacteria and other prokaryotes are found deep underground, in water,
and in the air. Note: The gravitational potential energy of an object-Earth system is given by Ug 5 Mgy CM, where M is the total mass of the object and y CM is the elevation of its center of mass above the chosen reference level. Suppose the speed limit for the road on which the car is driving is 30 km/h. These rules, which are listed in Appendix B.6,
enable us to evaluate deriva- 2.5 | Motion Diagrams 33 tives quickly. L. x m M Figure P12.38 The goal of the problem is identified. A Guided Problem breaks a standard problem into smaller steps, enabling students to grasp all the concepts and strategies required to arrive at a correct solution. What if the driver were from outside the United States
and is familiar with speeds measured in kilometers per hour? Is that what you would have expected? 3 109 N ? (b) The iron cam is larger. Also be sure to make a diligent attempt at answering the questions in the Quick Quizzes as you come to them in your reading. In this case, the velocity arrow increases in length with time because the car’s
displacement between adjacent positions increases in time. Furthermore, the textbook should be easily accessible and should be styled and written to facilitate instruction and learning. statements appear in about 1/3 of the worked examples and offer a variation on the situation posed in the text of the example. Its dashboard compass shows that the
car is initially heading due east. Objective Questions 1. In terms of models, when the acceleration of a particle is zero, the particle under constant acceleration model reduces to the particle under constant velocity model (Section 2.3). As Dx and Dt become smaller and smaller, the ratio Dx/Dt approaches a value equal to the slope of the line tangent to
the x-versus-t curve. Our resources are crucial for knowledge lovers everywhere—so if you find all these bits and bytes useful, please pitch in. Therefore, being positive, the value of the average velocity during the interval from to is more representative of the initial velocity than is the value of the average velocity during the interval from to , which
we determined to be negative in Example 2.1. Now let us focus on the short blue line and slide point to the left along the curve, toward point , as in Active Figure 2.3b. B 1 chapter 1 Physics and Measurement 1.1 Standards of Length, Mass, and Time 1.2 Matter and Model Building 1.3 Dimensional Analysis 1.4 Conversion of Units 1.5 Estimates and
Order-of-Magnitude Calculations 1.6 Significant Figures Interactive content from this and other chapters may be assigned online in Enhanced WebAssign. In many situations, you may have to check a specific equation to see if it matches your expectations. (b) The mass of the rod is given by 14.0 cmm523rdV53rAdx531B1Cx219.00cm 2 dx
all material all x 0 Carry out the integration to find the mass of the rod. We shall make some limited use of U.S. customary units in the study of classical mechanics. Notice how much simpler it is in the first calculation above to multiply 400 3 25 than it is to work with the more accurate 365 3 24. xxi xxii Preface Helpful Features Style. Dr. Serway is
the coauthor of College Physics, eighth edition; Principles of Physics: A Calculus-Based Text, fourth edition; Essentials of College Physics; Modern Physics, third edition; and the high school textbook Physics, published by Holt McDougal. Aluminum, for example, has a density of 2.70 3 103 kg/m3, and iron has a density of 7.86 3 103 kg/m3. Table 2.1 is
a tabular representation of the information. Figure 1.3 The speedometer of a vehicle that shows speeds in both miles per hour and kilometers per hour. Marketing Coordinator: Kevin Carroll Project Manager, Editorial Production: Cathy L. Lafferty and Sara Black Illustrators: Dartmouth Publishing, Inc.; Lachina Publishing Services ISBN-13: 978-1-
4390-4844-3 Brooks/Cole 20 Davis Drive Belmont, CA 94002-3098 USA Cengage Learning is a leading provider of customized learning solutions with office locations around the globe, including Singapore, the United Kingdom, Australia, Mexico, Brazil, and Japan. 1 s. Volume 1 contains Chapters 1 through 22, and Volume 2 contains Chapters 23
through 46. Let us assume the accuracy to which we can measure the radius of the disc is 60.1 cm. Footnotes are sometimes used to supplement the text or to cite other references on the subject discussed. WHAT IF? Study the Analysis Models for Problem Solving in the chapter summaries carefully so that you know how each model can be applied to
a specific situation. 38. Adam Sylvester/Photo Researchers, Inc. You should minimize your memorization of material. Several chapters contain problems that ask the student to determine design parameters for a practical device so that it can function as required. We write 437 m, 103 m and 305m, 102 m. N40 SWB SR 2040 E S 60.0 SOLUTION S
S Conceptualize The vectors A and B drawn in Figure 3.11a help us conceptualize the problem. The chapter summaries and the review sections of the Student Solutions Manual/Study Guide should help you in this regard. Modern physics developed mainly because many physical phenomena could not be explained by classical physics. At the 100-m
mark, you realize you missed the restroom, and you return back 25.0 m along the same hallway, taking 10.0 s to make the return trip. Armstrong, College of William & Mary; Robert Astalos, Adams State College; Abdel Bachri, Southern Arkansas University; Colley Baldwin, Medgar Evers College; Steve Barnes, California State University, San
Bernardino; Robert Bass, Gardner-Webb University; Chris Berven, University of Idaho; Andrew Blauch, Charleston Southern University; Paul Bloom, North Central College; Carolyn Boesse, McLennan Community College; Mary Boleware, Jones County Junior College; Catalina Boudreaux, University of Texas at San Antonio; John Carzoli, Oakton
Community College; Ken Caviness, Southern Adventist University; Eugene Chaffin, Bob Jones University; Robert Chavez, College of Marin; Norbert Chencinski, College of Staten Island, The City University of New York; Kelvin Chu, University of Vermont; Sr. Marie Anselm Cooper, Immaculata University; Brent Corbin, University of California at Los
Angeles; Kevin Cornelius, Ouachita Baptist University; Sarah Crowe, University of Kentucky; Linda S. (The problem numbers for straightforward problems are printed in black; intermediate-level problems are in blue.) The Additional Problems section remains in its usual place, but at the end of each chapter there is a new section, Challenge Problems,
that gathers the most difficult problems for a given chapter in one place. 1.1a) is a platinum-iridium cylinder 39.0 mm in height and 39.0 mm in diameter. Gasoline-powered automobiles such as the Smart car, as well as hybrid and purely electric vehicles, use many of the concepts with large numbers of particles and principles of mechanics that we
will study in this first part of 4. The possible accelerations of each object as a function of time are shown in scrambled order in (d), (e), and (f). 15. Authors Raymond A. As Guest Scientist at the IBM Research Laboratory in Zurich, Switzerland, he worked with K. (a) Identify the constants B and C required in the expression r 5 B 1 Cx to describe the
variable density. Newton’s second law of motion (Chapter 5) says that the mass of an object times its acceleration is equal to the net force on the object. This strategy, located at the end of Chapter 2 (pages 43-44), is used in all worked examples in the remaining chapters so that you can learn how to apply it. Notice that Figure 2.6b is a velocity-time
graph, not a position-time graph like Active Figures 2.1b and 2.3 and Figures 2.4 and 2.5. Therefore, we see that just as the velocity of a moving particle is the slope at a point on the particle’s x-t graph, the acceleration of a particle is the slope at a point on the particle’s vx -t graph. Therefore, 10 000 is the same as the common American notation of
10,000. On an interstate highway in a rural region of Wyoming, a car is traveling at a speed of 38.0 m/s. m/s2 (b) kg ? In problem solving, we often combine quantities mathematically through multiplication, division, addition, subtraction, and so forth. Objectives This introductory physics textbook has two main objectives: to provide the student with a
clear and logical presentation of the basic concepts and principles of physics and to strengthen an understanding of the concepts and principles through a broad range of interesting real-world applications. Every piece of artwork in the Eighth Edition was revised in a new and modern style that helps express the physics principles at work in a clear
and precise fashion. From here on, we use the word velocity to designate instantaneous velocity. If nature were not beautiful, it would not be worth knowing, and if nature were not worth knowing, life would not be worth living. A high fountain of water is located at the center of a circular pool as shown in Figure P1.53. Most steps are shown when
basic equations are developed, and reference is often made to mathematical appendices near the end of the textbook. denotes straightforward problem; 2. In general, a vector quantity requires the specification of both direction and magnitude. P1.51), which is the spiral galaxy nearest to the Milky Way, is about 2.0 million ly. We express 1 as 2.54
cm/1 in. 37. Which of these four measurements, if any, agree with that obtained by the first student? Often we need to know the velocity of a particle at a particular instant in time rather than the average velocity over a finite time interval. B. Henry Leap and Jim Lehman S xviii Preface problems, the kinematic equations in Chapter 2. It is very
important to recognize the difference between displacement and distance traveled. In addition, Dr. Serway has published more than 40 research papers in the field of condensed matter physics and has given more than 60 presentations at professional meetings. This case suggests the car moves to the right with a negative acceleration. (a) Calculate
the rate at which the tank is filled in gallons per second. SOLUTION We start by guessing that the typical human lifetime is about 70 years. If the acceleration is negative and the velocity is negative, the object is speeding up! Pitfall Prevention 2.5 Deceleration The word deceleration has the common popular connotation of slowing down. 50. A
rectangular plate has a length of (21.3 6 0.2) cm and a width of (9.8 6 0.1) cm. Quantum mechanics was formulated by a number of distinguished scientists to provide descriptions of physical phenomena at the atomic level. Instructors may print and duplicate pages for distribution to students. The front endpapers give the Earth-Moon distance. The
line between the points becomes steeper and steeper, and as the two points become extremely close together, the line becomes a tangent line to the curve, indicated by the green line in Active Figure 2.3b. What natural phenomena could serve as alternative time standards? You will find that with practice your guesstimates become better and better.
Homework Management Systems Enhanced WebAssign. Notice also that the acceleration is not constant in this example. That is, is the nucleus a single particle or a collection of particles? In terms of our earlier force discussion, imagine a force pulling on the car in the same direction it is moving: it speeds up. First, some people find using the laws of
cosines and sines to be awkward. It has a diameter of 24.1 mm and a thickness of 1.78 mm, and it is completely covered with a layer of pure gold 0.180 mm thick. Convert this rate to pounds per second, using 1 ton 5 2 000 lb. Its density increases steadily between its ends from 2.70 g/cm3 to 19.3 g/cm3. Like all other sciences, physics is based on
experimental observations and quantitative measurements. Quick Quiz 2.6 In Active Figure 2.12, match each vx -t graph on the top with the ax -t graph on the bottom that best describes the motion. In this study, you will be challenged with many mathematical problems to solve. (1 acre 5 43 560 ft 2) Figure P1.18 Problems 18 and 19. Table 1.1 lists
approximate values of some measured lengths. Students can access the eBook through Enhanced WebAssign. For example, you can solve problems in mechanics using Newton’s laws, but very often an alternative method that draws on energy considerations is more direct. Drawing on positive feedback from users of the seventh edition, data gathered
from both professors and students who use Enhanced WebAssign, as well as reviewers’ suggestions, we have refined the text to better meet the needs of students and teachers. If you follow the steps of this procedure (Conceptualize, Categorize, Analyze, Finalize), you will find it easier to come up with a solution and gain more from your efforts. If the
acceleration were negative, the slope of the line in Active Figure 2.11b would be negative. It contains 365.242 199 days. Furthermore, the terms on both sides of an equation must have the same dimensions. How would the magnitude and the direction of the resultant vector change? The height to which the drops rise decreases because the angular
speed of the wheel decreases. Assume the price of gold is $25.0 per gram. Between t and t, the slope of the x-t graph and therefore the velocity are negative and decrease uniformly in this interval. Common examples are area (a product of two lengths) and speed (a ratio of a length to a time interval). Ex a m pl e 2.7 Carrier Landing A jet lands on an
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text also supports the following Homework Management System: LON-CAPA: A Computer-Assisted Personalized Approach Personal Response Systems JoinIn on TurningPoint. 6. Remember our discussion of making models for physical situations in Section 1.2. In general, a particle is a pointlike object, that is, an object that has mass but is of
infinitesimal size. From the set of equations p 5 3qpr5qs 12 2 pr1 12gs 2 5 12qt 2 Figure P1.46 CHAPTER 1 | Physics and Measurement 18 47. According to this cow, what is the angle between you and cow B? A horizontal spring attached to a wall has a force constant of k 5 850 N/m. What is the effective tax rate on this purchase, expressed as a
percentage? It is much easier to see changes in position from the graph than from a verbal description or even a table of numbers. Pitfall Prevention 1.3 1.4 Conversion of Units Sometimes it is necessary to convert units from one measurement system to another or convert within a system (for example, from kilometers to meters). These data helped
tremendously, indicating when the phrasing in problems could be clearer, thus providing guidance on how to revise problems so that they are more easily understandable for students and more easily assignable by instructors in Enhanced WebAssign. Dr. Jewett is the author of The World of Physics: Mysteries, Magic, and Myth, which provides many
connections between physics and everyday experiences. In Active Figure 2.10c, we can tell that the car slows as it moves to the right because its displacement between adjacent images decreases with time. Content Changes. You can best accomplish this goal by carefully reading the textbook before you attend your lecture on the covered material. (b)
Use a calculator to find the largest angle for which tan a may be approximated by a with an error less than 10.0%. SOLUTION Measure the slope of the green line at t 5 2.5 s (point ) in Figure 2.4a: vx 510 m 2 124 m 2 5 16 m/s 3.8 s 2 1.5 s Notice that this instantaneous velocity is on the same order of magnitude as our previous results, that is, a few
meters per second. When the velocity of a particle changes with time, the particle is said to be accelerating. (a) vf 5 vi 1 ax (b) y 5 (2 m) cos (kx), where k 5 2 m21 10. Weygand, Thomas Nelson Community College; Tom Wilbur, Anne Arundel Community College; Weldon Wilson, University of Central Oklahoma; Stephen Wimpenny, University of
California, Riverside; Frederick Wolf, Keene State College; Alexander Wurm, Western New England College; Robert Zbikowski, Hibbing Community College This title was carefully checked for accuracy by Grant Hart, Brigham Young University; Michael Kotlarchyk, Rochester Institute of Technology; Brian A. This system is followed consistently
throughout the text. Therefore, we recommend that you try to supplement the text by performing various types of “hands-on” experiments either at home or in the laboratory. Dake, Utica College; Ethan Deneault, University of Tampa; Gregory Derry, Loyola College; Joseph Di Rienzi, College of Notre Dame of Maryland; Ryan Droste, Trident Technical
College; Gintaras Duda, Creighton University; Mike Durren, Lake Michigan College; John Edwards, Piedmont Technical College; Mark Edwards, Hofstra University; Efremfon F. Next, the student stands at the edge of the pool Figure P1.53 and uses a protractor to Problems 53 and 54. Keep in mind that the particle does not move in a curved path in
space such as that shown by the red-brown curve in the graphical representation. Designed by physicists for physicists, this system is a reliable and user-friendly teaching companion. 1.6 Significant Figures When certain quantities are measured, the measured values are known only to within the limits of the experimental uncertainty. Does it speed up
or slow down? Try it and see!) Ex a m pl e 1.2 Analysis of a Power Law Suppose we are told that the acceleration a of a particle moving with uniform speed v in a circle of radius r is proportional to some power of r, say rn , and some power of v, say vimm . What is the density of the material? True or False? Express the number in scientific notation, with
the multiplier of the power of ten between 1 and 10 and a unit. (a) Determine the number of atoms in 1 cm3 of copper. The ratio of the mass of Neptune to that of Uranus is 1.19. (b) Where does the value fit among those listed in Table 14.1 in Chapter 14? We shall generate analysis models based on four fundamental simplification models. The
textbook’s tight integration with Enhanced WebAssign content facilitates an online learning environment that helps students improve their problem-solving skills and gives them a variety of tools to meet their individual learning styles. If the multiplier is less than 3.162 (the square root of ten), the order of magnitude of the number is the power of ten
in the scientific notation. Every piece of art was also revised to make certain that the physical situations presented correspond exactly to the text discussion at hand. SOLUTION We model the moving runner as a particle because the size of the runner and the movement of arms and legs are unnecessary details. New Media If available, we strongly
encourage you to use the Enhanced WebAssign product that is available with this textbook. Others are more conceptual in nature and are designed to encourage conceptual thinking. Avoid the temptation to drop the units early and then attach the expected units once you have an answer. From this definition we see that average velocity has
dimensions of length divided by time (L/T), or meters per second in SI units. They developed a model for matter by speculating that the process ultimately must end when it produces a particle that can no longer be cut. (d) What expression represents the theoretical slope of this graph? To meet these objectives, we emphasize sound physical
arguments and problem-solving methodology. At the completion of the example solution, a What If? Next, he stands at the edge of the pool and uses a protractor to measure the angle of elevation f of his sightline to the top of the water jet. The ball is hit at 41.7 m/s at an angle of 35.0° to the horizontal, and air resistance is negligible. Belal Abas,
Zinoviy Akkerman, Eric Boyd, Hal Falk, Melanie Martin, Steve McCauley, and Glenn Stracher made corrections to problems taken from previous editions. Line-by-Line Revision of the Questions and Problems Set. The distance from the Sun to the nearest star is about 4 3 1016 m. 60. Length (m) Distance from the Earth to the most remote known
quasar Distance from the Earth to the most remote normal galaxies Distance from the Earth to the nearest large galaxy (Andromeda) Distance from the Sun to the nearest star (Proxima Centauri) One light-year Mean orbit radius of the Earth about the Sun Mean distance from the Earth to the Moon Distance from the equator to the North Pole Mean
radius of the Earth Typical altitude (above the surface) of a satellite orbiting the Earth Length of a football field Length of a housefly Size of smallest dust particles Size of cells of most living organisms Diameter of a hydrogen atom Diameter of an atomic nucleus Diameter of a proton a stable alloy. Several representations of the information about the
motion of the car can be used. A student is supplied with a stack of copy paper, ruler, compass, scissors, and a sensitive balance. Serway and John W. ¢ Design problems. What mass of gold is needed to make the new model? a Negative Acceleration Keep in mind that negative acceleration does not necessarily mean that an object is slowing down. If
two of the quantities are equal, give them equal rank in your list. 2 a Quick Quiz 1.3 The distance between two cities is 100 mi. Find the elastic potential energy stored in the spring when the block is 6.00 cm from equilibrium and when the block passes through equilibrium. 1900-present). From the position-time graph given in Active Figure 2.1D,
notice thatx 530matt 50 sandthatx 5253 matt 550s. We reorganized the end-ofchapter questions and problems sets for this new edition. A particle under constant velocity moves with a constant speed along a straight line. Active Figure 2.1a is a pictorial representation, whereas Active Figure 2.1b is a graphical representation. Find the
magnitude and direction of the car’s resultant displacement. This method will save many calculator keystrokes, especially if some quantities cancel so that you never have to enter their values into your calculator! In addition, you will only need to round once, on the final result. Whenever you have identified the analysis model in a problem to be the
particle under constant velocity, you can immediately turn to these equations. Although vectors are discussed in detail in Chapter 3, vector products are introduced later in the text, where they are needed in physical applications. An extreme difference in density can be imagined by thinking about holding a 10-centimeter (cm) cube of Styrofoam in one
hand and a 10-cm cube of lead in the other. The standard kilogram (Fig. Find the radius of a solid aluminum sphere that balances a solid iron sphere of radius r Fe on an equal-arm balance. questions also prepare students to encounter novel problems that may be included on exams. Estimate the intestinal volume and assume 1% of it is occupied by
bacteria. We could model the car as a particle and describe it with the particle under constant velocity model. ax 5 Conceptual Example 2.5 Graphical Relationships Between x, vx, and ax The position of an object moving along the x axis varies with time as in Figure 2.8a. Experiments Physics is a science based on experimental observations. The
Velocity of Different Objects Consider the following one-dimensional motions: (A) a ball thrown directly upward rises to a highest point and falls back into the thrower’s hand; (B) a race car starts from rest and speeds up to 100 m/s; and (C) a spacecraft drifts through space at constant velocity. The right column shows the mathematical manipulations
and results of taking these steps. To provide an idea of the types of improvements that were made to the problems, here are problems from the seventh edition, followed by the problem as it now appears in the eighth edition, with explanations of how the problems were improved. Slope 4 m/s 0 a 24 t (s) =4 From the graph in Figure 2.4a, form a
mental representation of the particle’s motion. 1.2 Matter and Model Building If physicists cannot interact with some phenomenon directly, they often imagine a model for a physical system that is related to the phenomenon. (b) Sketch a force diagram for the beam, labeling the gravitational and normal forces acting on the beam and placing the
woman a distance x to the right of the first pivot, which is the origin. Explain your answer. Very often, instructors offer review sessions in addition to regular class periods. Therefore, let us think about the signs of velocity and acceleration by imagining a force applied to an object and causing it to accelerate. Suppose the trip were taken with the two
vectors in reverse order: 35.0 km at 60.0° west of north first and then 20.0 km due north. If the answers to both questions are no, we model the automobile as a particle under constant velocity, which we will discuss in this section. (b) A cesium fountain atomic clock. Math Appendix. If the smooth curve does represent the actual motion of the car, the
graph contains complete information about the entire 50-s interval during which we watch the car move. In this case, Chapters 16 through 18 could be covered along with Chapter 34. aThe numbers in parentheses for the values represent the uncertainties of the last two digits. * Calculus-based problems. The density of a substance is defined as its
mass per unit volume: r; m V (1.1) continued 14 CHAPTER 1 | Physics and Measurement Concepts and Principles The method of dimensional analysis is very powerful in solving physics problems. Specific problemsolving strategies for certain types of situations are included in the text and appear with a special heading. It continues moving to the left
and is more than 50 m to the left of x 5 0 when we stop recording information after our sixth data point. Guided Problems are reminiscent of how a student might interact with a professor in an office visit. If we replace ax,avg by ax in Equation 2.9 and take ti 5 0 and tf to be any later time t, we find that Slope ax ax 5 axt vk ivxitb ax Slope 0 axt t20
orvx ftvxf2vxitcvxf5vxil axt (2.13) This powerful expression enables us to determine an object’s velocity at any time t if we know the object’s initial velocity vxi and its (constant) acceleration ax . Please consult your local Cengage Learning, Brooks/Cole representative for details. In response, it is not generally expected that you would provide
the exact number but rather an estimate, which may be expressed in scientific notation. A sample of solid gold is shown at the top of Figure 1.2. Is this sample nothing but wall-to-wall gold, with no empty space? (b) Using the symbol y to represent the mountain height and the symbol x to represent the woman'’s original distance from the mountain,
label the picture. A situation is described. According to this cow, what is the angle between you and cow A? Similarly, p 5 3.14159265 is written as 3.141 592 65. Prefixes for Powers of Ten Prefix yocto zepto atto femto pico nano micro milli centi deci Abbreviation Power Prefix Abbreviationy za fp n m m ¢ d 103 kilo mega giga tera peta exa zetta
yottak MGTPEZY 106 109 1012 1015 1018 1021 1024 In addition to SI, another system of units, the U.S. customary system, is still used in the United States despite acceptance of SI by the rest of the world. A block of mass m 5 1.00 kg is attached to the spring and rests on a frictionless, horizontal surface as in Figure P8.53. Returning to our
original expression x ~ ant m , we conclude that x ~ at 2 . Thorough Revision of Artwork. We were overwhelmed not only by the number of professors who wanted to take part in the survey, but also by their insightful comments. We understand that not everyone can donate right now, but if you can afford to contribute this Wednesday, we promise it



will be put to good use. Changes in the Eighth Edition A large number of changes and improvements were made for the Eighth Edition of this text. For example, suppose an automobile is moving along a straight freeway at a constant speed. Quick Quizzes have been cast in an objective format, including multiple choice, true- false, and ranking. A
friend spins the front wheel, of radius 0.381 m, and observes that drops of water fly off tangentially in an upward direction when the drops are at the same level as the center of the wheel. denotes challenging problem 1. Is it moving at t 5 0? When we mean average acceleration, we shall always use the adjective average. By definition, the
instantaneous velocity at is directed along the line tangent to the curve at . To illustrate this procedure, suppose you are interested in an equation for the position x of a car at a time t if the car starts from rest at x 5 0 and moves with constant acceleration a. The number of significant figures is related to the number of numerical digits used to express
the measurement, as we discuss below. This definition is based on the rotation defined as 1 60 of one planet, the Earth. S Figure P1.42 44. (In fact, even when you know you are going to be carrying out a calculation, you should sketch the vectors to check your results.) With an ordinary ruler and protractor, a large diagram typically gives answers to
two-digit S but not to three-digit precision. Length may be described with symbols such as x, y, and z (for position); r (for radius); a, b, and c (for the legs of a right triangle); , (for the length of an object); d (for a distance); h (for a height); and so forth. Keep in mind that few people are able to absorb the full meaning of scientific material after only one
reading; several readings of the text and your notes may be necessary. The units of slope in Active Figures 2.1b and 2.3 are meters per second, the units of velocity. The mass of the other is five times greater. Is it reasonable that the magnitude of R is larger S S S than that of both A and B? Assessment and Course Preparation Resources A number of
resources listed below will assist with your assessment and preparation processes. You should develop a process of building models as you study physics. (rather than 1 in./2.54 cm) so that the unit “inch” in the denominator cancels with the unit in the original quantity. s2 (d) kg ? Two of them—Leucippus and his student Democritus—could not accept
the idea that such cuttings could go on forever. 30 40 50 60 =20 =40 =60 t(s) 0 10 b a ACTIVE FIGURE 2.1 A car moves back and forth along a straight line. A slightly different ratio accomplishes that for us. Integration with Enhanced WebAssign. From this information, determine the magnitude of the average angular acceleration of the wheel. (If
the expression were given as v 5 at 2, it would be dimensionally incorrect. It is much better to take this first step: Identify the analysis model that is appropriate for the problem. Many chapters include review problems requiring the student to combine concepts covered in the chapter with those discussed in previous chapters. When the lamb’s length
changes by 15.8%, its mass increases by 17.3 kg. Serway, John W. What distance differs from 100 m and from 1 000 m by equal factors so that we could equally well choose to represent its order of magnitude as, 102 m or as , 103 m? Suppose this crystal cleaves along a face diagonal as shown in Figure P1.7b. Your understanding of the material will
be enhanced through a combination of efficient study habits, discussions with other students and with instructors, and your ability to solve the problems presented in the textbook. Rudolph, California State Polytechnic University, Pomona Marllin L. In an effort to boost interest in a television game show, each weekly winner is offered an additional $1
million bonus prize if he or she can personally count out that exact amount from a supply of one-dollar bills. (c) Consider the view seen by cow B. For example, in part (B) of Example 2.4, we find the position when the velocity and the time are known. A drop that breaks loose from the tire on one turn rises h 54.0 cm above the tangent point. (a)
smaller than 100 (b) larger than 100 (c) equal to 100 Ex a m pl e 1.3 Is He Speeding? If so, identify the point(s). (1 U.S. gal 5 231 in.3) 21. These experiments can be used to test ideas and models discussed in class or in the textbook. Her total displacement is zero, so her average velocity is zero! Nonetheless, we need to be able to quantify how fast
she was running. We added a number of problems related to biomedical situations in this edition, to highlight the relevance of physics principles to those students taking this course who are majoring in one of the life sciences. Dear Patron: Please don't scroll past this. Interested in adopting audience response system technology? Consider any zero
value in this book to have as many significant figures as you need. graph at each instant. A useful procedure for doing that, called dimensional analysis, can be used because dimensions can be treated as algebraic quantities. Note: The next 12 problems call on mathematical skills from your prior education that will be useful throughout this course. In
addition, standards used for measurements must not change with time. These problems (there is one in every chapter of the text) help train students to break down complex problems into a series of simpler problems, an essential problem-solving skill. (f) Describe the physical meaning of the slope. Most other variables are derived quantities, those
that can be expressed as a mathematical combination of fundamental quantities. When physical models are not available, be imaginative and try to develop models of your own. Part (d) asks a conceptual question about the situation. Notice that the data in Table 2.1 result only in the six data points in the graph in Active Figure 2.1b. Because velocity
at constant acceleration varies linearly in time according to Equation 2.13, we can express the average velocity in any time interval as the arithmetic mean of the initial velocity vxi and the final velocity vxf : ACTIVE FIGURE 2.11 A particle under constant acceleration ax moving along the x axis: (a) the position-time graph, (b) the velocity-time graph,
and (c) the acceleration-time graph. 63. In fact, at, 30 s after we start measuring, the car is at the origin of coordinates (see Active Fig. In this situation, the object moves in some direction and experiences a force acting in the opposite direction. Raue, Florida International University; James E. To make problems clearer to both students and
instructors, this extensive process involved editing problems for clarity, editing for length, adding figures where appropriate, and introducing better problem architecture by breaking up problems into clearly defined parts. At t, the slope b of the x-t graph is zero, so the velocity is zero at that ax instant. Similarly, we expect the displacement between
and to be positive. y Direction of vat S Figure 4.2 As a particle moves between two points, its average velocity is in the direction of the S displacement vector D r . It is the foundation upon which the other sciences—astronomy, biology, chemistry, and geology—are based. 36. The beauty of physics lies in the simplicity of its fundamental principles
and in the manner in which just a small number of concepts and models can alter and expand our view of the world around us. The S displacement R is the resultant when the two S S individual displacements A and B are added. Two spheres are cut from a certain uniform rock. x (m) 10 8 6 4 2 0 (A) Determine the displacement of the particle in the
time intervalst50tot51sandt5 1 stot5 3s. It would be meaningless if a visitor from another planet were to talk to us about a length of 8 “glitches” if we do not know the meaning of the unit glitch. Try using these tools on R in Figure 3.11a! S The second way to solve the problem is to analyze it algebraically. We shall treat vector quantities in
greater detail in Chapter 3. A typical bacterial length scale is 1026 m. For addition and subtraction, you must consider the number of decimal places when you are determining how many significant figures to report: When numbers are added or subtracted, the number of decimal places in the result should equal the smallest number of decimal places
of any term in the sum or difference. Dr. Jewett enjoys playing keyboard with his allphysicist band, traveling, underwater photography, running, and collecting antique quack medical devices that can be used as demonstration apparatus in physics lectures. Some require calculations designed to facilitate students’ familiarity with the equations, the
variables used, the concepts the variables represent, and the relationships between the concepts. Current requirements of science and technology, however, necessitate more accuracy than that with which the separation between the lines on the bar can be determined. Notice the clear distinction between the definitions of average velocity and
average speed: average velocity (Eq. 2.2) is the displacement divided by the time interval, whereas average speed (Eq. 2.3) is the distance divided by the time interval. You can purchase any Cengage Learning product at your local college store or at our preferred online store www.ichapters.com. (B) Calculate the average velocity during these two
time intervals. Make sure that you read the syllabus for the course and adhere to the schedule set by your instructor. 2.3 | Analysis Model: Particle Under Constant Velocity 27 2.3 cont. The car exceeds the speed limit at some time within the time interval 0 2 50 s. The space inside the shell is filled with a liquid having a density of 1.23 g/cm3. full
solution available in the Student Solutions Manual/Study Guide 1. We can perform a dimensional check by substituting the dimensions for acceleration, L/T2 (Table 1.5), and time, T, into the equation. Stracher, East Georgia College; Jeff Sundquist, Palm Beach Community College; Gerald Taylor, James Madison University; Valentina Tobos, Lawrence
Tech University; John Vassiliou, Villanova University; Jogindra Wadehra, Wayne State University; Bill Warren, Lord Fairfax Community College; Michael Weber, Brigham Young University-Hawaii; Zodiac Webster, Columbus State University; Margaret Wessling, Pierce College; Joseph O. Audience Response System Solutions. Second, a triangle only
results if you are adding two vectors. Your lectures and laboratory work supplement the textbook and should clarify some of the more difficult material. A bicycle is turned upside down while its owner repairs a flat tire. In the second time interval, Dt 52s:vx,avg1 S2 5 Dx S 8m 5 5 14 m/s Dt 2s These values are the same as the slopes of the blue
lines joining these points in Figure 2.4a. When multiplying several quantities, the number of significant figures in the final answer is the same as the number of significant figures in the quantity having the smallest number of significant figures. Installing a Carpet A carpet is to be installed in a rectangular room whose length is measured to be 12.71 m
and whose width is measured to be 3.46 m. He even covers the door and window. P10.67). 35. One micron (1026 m) is a typical length scale associated with these microbes. The algebraic symbol for the quantity itself will be an italicized letter such as L for the length of an object or t for time. Our ready-to-go content includes: ¢ all the questions from
the Quick Quizzes ¢ all end-of-chapter Objective Questions to provide helpful conceptual checkpoints to drop into your lecture * animated Active Figures enhanced with multiple-choice questions to help test students’ observational skills ¢« Assessing to Learn in the Classroom questions developed at the University of Massachusetts Amherst. Notice that
the curve is a parabola. Your ability to interpret a question properly is an integral part of problem solving. A careful reading of the problem reveals that in addition to being given the initial speed of 63 m/s, we also know that the final speed is zero. Whittaker, Stevens Institute of Technology Prior to our work on this revision, we conducted a survey of
professors to gauge how they used end-of-chapter questions and problems in their classes. For example, marginal notes are useful for locating and describing important equations and concepts, and boldface indicates important definitions. By contrast, a scalar quantity has a numerical value and no direction. Many instructors choose to use such
questions in a “peer instruction” teaching style or with the use of personal response system “clickers,” but they can be used in standard quiz format as well. The entire contents of the book in its extended version could be covered in a three-semester course, but it is possible to use the material in shorter sequences with the omission of selected
chapters and sections. SOLUTION (A) The average velocity for the thrown ball is zero because the ball returns to the starting point; therefore, its displacement is zero. (a) What is the appropriate analysis model for the beam before it begins to tip? 10 t (s) 0 =10 Figure 2.9 (Example 2.6) The velocity-time graph for a particle moving along the x axis
according to the expression vx 5 40 2 5t 2. What it is doing is undergoing a constant acceleration due to gravity. CHAPTER 2 | Motion in One Dimension 32 Ex a m pl e 2.6 Average and Instantaneous Acceleration The velocity of a particle moving along the x axis varies according to the expression vx 5 40 2 5t 2, where vx is in meters per second and t
is in seconds. The remaining unit is the centimeter, our desired result. Significant Figures. You will gain a great deal of experience in the use of these equations by solving a number of exercises and problems. 2.11c) is a straight line having a slope of zero. 39. “Speed” means instantaneous speed. A proton, which is the nucleus of a hydrogen atom, can
be modeled as a sphere with a diameter of 2.4 fm and a mass of 1.67 3 10227 kg. The slope of this tangent line represents the velocity of the car at point . The radius of a uniform solid sphere is measured to be (6.50 6 0.20) cm, and its mass is measured to be (1.85 6 0.02) kg. (A) What is the runner’s velocity? This format helps those students who are
more visual learners. For a more complete list, see P. (c) What is the speed of the block when it is at a position xi/2 5 3.00 cm? 52. Pluto is now defined as a “dwarf planet” (like the asteroid Ceres). Consider a car moving back and forth along the x axis as in Active Figure 2.1a. Our exclusive audience response system content is perfect for amateur,
intermediate, or advanced users of this new learning technology. The difference between the number of cars and the number of SUVs is 18. Following the discovery of the nucleus in 1911, an atomic model was developed in which each atom is made up of electrons surrounding a central nucleus. Once your project is finalized, Cengage Learning
Custom Solutions will print the product and ship it to your bookstore. 2. All worked examples in the text may be assigned for homework in Enhanced WebAssign. This looks like an incorrect subtraction, but that is only because we have rounded the numbers 17.7 km and 34.6 km for display. For example, consider these operations that satisfy the rule:
1.0001 1 0.000351.0004 1.002 2 0.998 5 0.004 In the first example, the result has five significant figures even though one of the terms, 0.000 3, has only one significant figure. (a) The aluminum cam is larger. In forming a mental representation of a moving object, a pictorial representation called a motion diagram is sometimes useful to describe
the velocity and acceleration while an object is in motion. 7. How many dollar bills attached end to end would it take to reach the Moon? P10.68). Assume there are 100 million passenger cars in the United States and the average fuel consumption is 20 mi/gal of gasoline. The examples closely follow the General Problem- Solving Strategy introduced in
Chapter 2 to reinforce effective problem-solving habits. A car traveling on a highway is an example of translational motion, the Earth’s spin on its axis is an example of rotational motion, and the backand-forth movement of a pendulum is an example of vibrational motion. Ex a m pl e 3.2 A Vacation Trip A car travels 20.0 km due north and then 35.0 km
in a direction 60.0° west of north as shown in Figure 3.11a. 25. The length of the This car moves at constant velocity (zero acceleration). In addition, these problems also have feedback to address student misconceptions, helping students avoid common pitfalls. Now consider a particle moving with a constant speed along a curved path.
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