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Introducing Physics
In everyday life, a model of something (such as a model airplane or a model train)
is usually a smaller, simpler, or idealized version of the original. An architect
creates a model to show a building’s essential elements and context. Physicists
do something similar, but it might surprise you to hear that in physics, a marble
is a very useful model of an airplane, a car, or the Moon. Read on and you will
learn why.

●●

What are physics models?

●●

How is the word “law” used differently
in physics than in the legal system?

●●

How do we solve physics problems
such as determining the minimum
runway length needed for an airplane?

physics before or not, it’s helpful to take
a step back and consider what physics is about and how physicists think
about things. You’ll find that learning to analyze problems like a physicist
will help you not only in this course, but also in others (and in life in general). This book is designed to help you do this, and this chapter will give
you an overview of how to use this book to your best advantage.

WHETHER YOU’VE STUDIED ANY

1

M01_ETKI1823_02_SE_C01.indd 1

23/10/17 5:52 PM

2  CHAPTER 1 Introducing Physics
FIGURE 1.1 Archaeologists applied principles
from physics to determine that this skeleton of
Australopithecus afarensis, nicknamed “Lucy,”
lived about 3.2 million years ago.

1.1 What is physics?
Physics is a fundamental experimental science encompassing subjects such as motion,
waves, light, electricity, magnetism, atoms, and nuclei. Knowing physics allows you
to understand many aspects of the world, from why bending over to lift a heavy load
can injure your back to why Earth’s climate is changing. Physics explains the very
small—atoms and subatomic particles—and the very large—planets, galaxies, and
black holes.
In each chapter of this textbook, we will apply our knowledge of physics to other
fields of science and technology such as biology, medicine, geology, astronomy, architecture, engineering, agriculture, and anthropology. For instance, you will learn about
techniques used by archeologists to determine the age of bones (Figure 1.1), about
electron microscopes and airport metal detectors, and why high blood pressure indicates problems with the circulatory system.
In this book we will concentrate not only on developing an understanding of the
important basic laws of physics but also on the processes that physicists employ to discover and use these laws. The processes (among many) include:
Collecting and analyzing experimental data.
Making explanations and experimentally testing them.
●● Creating different representations (pictures, graphs, bar charts, etc.) of physical
processes.
●● Finding mathematical relations—mathematical models—between different
variables.
●● Testing those relations in new experiments.
●●
●●

The search for rules
Physicists search for general rules, or laws, that bring understanding to the chaotic
behavior of our surroundings. In physics the word law means a causal mathematical
relation between variables inferred from the data or through some reasoning process.
Causal relations show how change in one quantity affects the change in another quantity, but they do not explain why such causation occurs. The laws, once discovered,
often seem obvious, yet their discovery usually requires years of experimentation and
theorizing. Despite being called “laws,” they are temporary in the sense that new information often leads to their modification, revision, and, in some cases, abandonment.
For example, in 200 B.C. Apollonius of Perga watched the Sun and the stars m
 oving
in arcs across the sky and adopted the concept that Earth occupied the center of a
revolving universe. Three hundred years later, Ptolemy developed a detailed model to
explain the complicated motion of the planets in that Earth-centered universe. Ptolemy’s
model, which predicted with surprising accuracy the changing positions of the planets,
was accepted for the next 1400 years. However, as the quality of observations improved,
discrepancies between the predictions of Ptolemy’s model and the real positions of the
planets became bigger and bigger. A new model was needed. C
 opernicus, who studied
astronomy around the time that Columbus sailed to America, developed a model of
motion for the heavenly bodies in which the Sun resided at the center of the universe
while Earth and the other planets moved in orbits around it. More than 100 years later
the model was revised by Johannes Kepler and later supported by careful experiments
by Galileo Galilei. Finally, 50 years after Galileo’s death, Isaac Newton formulated
three simple laws of motion and the universal law of gravitation, which together provided a successful explanation for the orbital motion of Earth and the other planets.
These laws also allowed us to predict the positions of new planets, which at the time
were not yet known. Newton’s work turned the heliocentric model into the theory of
gravitation. For nearly 300 years Newtonian theory went unaltered until Albert Einstein
made several profound improvements to our understanding of motion and gravitation at
the beginning of the 20th century.
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Newton’s inspiration provided not only the basic resolution of the 1800-year-old
problem of the motion of the planets but also a general framework for analyzing the
mechanical properties of nature (Figure 1.2). Newton’s simple laws give us the understanding needed to guide rockets to the Moon, to build skyscrapers, and to lift heavy
objects safely without injury.
It is difficult to appreciate the great struggles our predecessors endured as they
developed an understanding that now seems routine. Today, similar struggles occur
in most branches of science, though the questions being investigated have changed.
How does the brain work? What causes Earth’s magnetism? What is the nature of the
pulsating sources of X-ray radiation in our galaxy? Is the recently discovered accelerated expansion of the universe really caused by a mysterious “dark energy,” or is our
interpretation of the observations of distant supernovae that revealed the acceleration
incomplete?

FIGURE 1.2 Thanks to Newton, we can explain
the motion of the Moon. We can also build
skyscrapers.

The processes for devising and using new models
Physics is an experimental science. To answer questions, physicists do not just think
and dream in their offices but constantly engage in experimental investigations.
Physicists use special measuring devices to observe phenomena (natural and planned),
describe their observations (carefully record them using words, numbers, graphs, etc.),
find repeating features called patterns (for example, the distance traveled by a falling
object is directly proportional to the square of the time in flight), and then try to explain
these patterns. By doing this, physicists describe and answer the questions of “why” or
“how” the phenomena happened and then deduce quantitative rules called mathematical models that explain the phenomena.
However, a deduced explanation or a mathematical model is not automatically
accepted as true. Every model needs to undergo careful testing. When physicists test
a model, they use the model to predict the outcomes of new experiments. As long as
there is no experiment whose outcome is inconsistent with predictions made using the
model, it is not disproved. However, a new experiment could be devised tomorrow
whose outcome is not consistent with the prediction made using the model. The point is
that there is no way to “prove” a model once and for all. At best, the model just hasn’t
been disproven yet.
A simple example will help you understand some processes that physicists follow
when they study the world. Imagine that you walk into the house of your acquaintance
Bob and see 10 tennis rackets of different quality and sizes. This is an
observational experiment. During an observational experiment a scientist collects
data that seem important. Sometimes it is an accidental or unplanned experiment. The
scientist has no prior expectation of the outcome. In this case the number of tennis
rackets and their quality and sizes represent the data. Having so many tennis rackets
seems unusual to you, so you try to explain the data you collected (or, in other words, to
explain why Bob has so many rackets) by devising several hypotheses. A hypothesis is
an explanation that usually is based on some mechanism that is behind what is going
on, or it can be a mathematical model describing the phenomenon. One hypothesis is
that Bob has lots of children and they all play tennis. A second hypothesis is that Bob
makes his living by fixing tennis rackets. A third hypothesis is that he is a thief who
steals tennis rackets.
How do you decide which hypothesis is correct? You may reason: if Bob has many
children who play tennis, and I walk around the house checking the sizes of clothes
that I find, then I will find clothes of different sizes. Checking the clothing sizes is a
new experiment, called a testing experiment. A testing experiment is d ifferent from
an observational experiment. In a testing experiment, a specific hypothesis is being
“put on trial.” This hypothesis is used to construct a clear expectation of the outcome
of the experiment. This clear expectation (based on the hypothesis being tested) is
called a prediction. So you conduct the testing experiment by walking around the
house checking the closets. You do find clothes of different sizes. This is the outcome
of your testing experiment. Does it mean for absolute certain that Bob has the rackets
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TIP

Notice the difference between
a hypothesis and a prediction. A
hypothesis is an idea that explains why or
how something that you observe happens.
A prediction is a statement of what should
happen in a particular experiment if the
hypothesis being tested were true. The
prediction is based on the hypothesis
and cannot be made without a specific
experiment in mind.
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FIGURE 1.3 Science is a cyclical process for
creating and testing knowledge.
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because all of his children play tennis? No; he could still be a racket repairman or
a thief. Therefore, if the outcome of the testing experiment matches the prediction
based on your hypothesis, you cannot say that you proved the hypothesis. All you can
say is that you failed to disprove it. However, if you walk around the house and do
not find any children’s clothes, you can say with more confidence that the number of
rackets in the house is not due to Bob having lots of children who play tennis. Still,
this conclusion would only be valid if you made an assumption: Bob’s children live
in the house and wear clothes of different sizes. Generally, in order to reject a hypothesis you need to check the additional assumptions you made and determine if they are
reasonable.
Imagine you have rejected the first hypothesis (you didn’t find any children’s
clothes). Next you wish to test the hypothesis that Bob is a thief. This is your reasoning:
If Bob is a thief (the hypothesis), and I walk around the house checking every drawer
(the testing experiment), then I will not find any receipts for the tennis rackets (the
prediction). You perform the experiment and you find no receipts. Does it mean that
Bob is a thief? He might just be a disorganized father of many children or a busy
repairman. However, if you find all of the receipts, you can say with more confidence
that he is not a thief (but he could still be a repairman). Thus it is possible to disprove
(rule out) a hypothesis, but it is not possible to prove it once and for all. The process
that you went through to create and test your hypotheses is depicted in Figure 1.3.
At the end of your investigation you might be left with a hypothesis that you failed to
disprove. As a physicist you would now have some confidence in this hypothesis and
start using it for practical applications.
Using this textbook you will learn physics by following a process similar to that
described above. The section “How to use this book to learn physics” at the end of this
chapter will explain how to master this process.
Physicists use words and the language of mathematics to express ideas about the
world. But they also represent these ideas and the world itself in other ways—sketches,
diagrams, and even cut-out paper models (James Watson made a paper model of DNA
when trying to determine its structure). In physics, however, the ultimate goal is to
understand the mechanisms behind physical phenomena and to devise mathematical
models that allow for quantitative predictions of new phenomena. Thus, a big part of
physics is identifying measurable properties of the phenomena (such as mass, speed,
and force), collecting quantitative data, finding the patterns in that data, and creating
mathematical models representing relations between the quantities.

How will learning physics change your
interactions with the world?
Even if you do not plan on becoming a professional physicist, learning physics can
change the way you think about the world. For example, why do you feel cold when
you wear wet clothes? Why is it safe to sit in a car during a lightning storm? Knowing
physics will also help you understand what underlies many important technologies.
How can a GPS know your present position and guide you to a distant location? How
do power plants generate electric energy?
Studying physics is also a way to acquire the processes of knowledge construction, which will help you make decisions based on evidence rather than on personal
opinions. When you hear an advertisement for a shampoo claim it will make your hair
97.5% stronger, you will ask: How do they know this? Did this number come from an
experiment? If it did, was it tested? What assumptions did they make? Did they control for food consumed, exercise, air quality, etc.? Understanding physics will help you
differentiate between actual evidence and unsubstantiated claims. For instance, before
you accept a claim, you might ask about the data supporting the claim, what experiments were used to test the idea, and what assumptions were made. Thinking critically
about the messages you hear will change the way you make decisions as a consumer
and a citizen.

M01_ETKI1823_02_SE_C01.indd 4

23/10/17 5:52 PM

1.2 Modeling  5

1.2 Modeling
You already met the word “model” in this chapter. In this section we will learn more
about this term. Physicists study how the complex world works. To start the study of
some aspect of that world, they often begin with a simplified version. Consider how
you move your body when you walk. Your back foot on the pavement lifts and swings
forward, only to stop for a short time when it again lands on the pavement, now ahead
of you. Your arms swing back and forth. The trunk of your body moves forward steadily. Your head also moves forward but bobs up and down slightly. It would be very
difficult to start our study of motion by analyzing all these complicated parts and movements. Thus, physicists create in their minds simplified representations, called models,
of physical phenomena and then think of the phenomena in terms of those models.
Physicists begin with very simple models and then add complexity as needed to investigate more detailed aspects of the phenomena.

A simplified object
To simplify real objects, physicists often neglect both the dimensions of objects
(their sizes) and their structures (the different parts) and instead regard them as single
point-like objects (Figure 1.4).
Is modeling a real object as a point-like object a good idea? Imagine a 100-m race.
The winner is the first person to get a body part across the finish line. The judge needs
to observe the movement of all body parts (or a photo of the parts) across a very small
distance near the finish line to determine who had the fastest time. Here, that very small
distance near the finish line is small compared to the size of the human body. This is a
situation where modeling the runners as point-like objects is not reasonable. However,
if you are interested in how long it takes an average person to run 100 m, then the
movement of different body parts is not as important, since 100 m is much larger than
the size of a runner. In this case, the runners can be modeled as point-like objects. Even
though we are talking about the same situation (a 100-m race), the aspect of the situation that interests us determines how we choose to model the runners.
Consider an airplane landing on a runway (Figure 1.5a). We want to determine
how long it takes for it to stop. Since all of its parts move together, the part we study
does not matter. In that case it is reasonable to model the airplane as a point-like
object. However, if we want to build a series of gates for planes to unload passengers
(Figure 1.5b), then we need to consider the motion of the different parts of the airplane.
For example, there must be enough room for an airplane to turn while maneuvering into
and out of the gate. In this case the airplane cannot be modeled as a point-like object.

FIGURE 1.4 Physicists often model complex
structures as point-like objects.

We can ignore the chassis flexing and the driver
moving and model this racecar as a point-like object
in order to study its motion.

FIGURE 1.5 An airplane can be considered a
point-like object (a) when landing, but not
(b) when parking.
(a)

(b)

Point-like object A point-like object is a simplified representation of a real

o bject. As a rule of thumb, you can model a real object as a point-like object when
one of the following two conditions is met: (a) when all of its parts move in the
same way, or (b) when the object is much smaller than the other relevant lengths
in the situation. The same object can be modeled as a point-like object in some
situations but not in others.

Modeling
The process that we followed to decide when a real object could be considered a pointlike object is an example of what is called modeling. The modeling of objects is the first
step that physicists use when they study natural phenomena. In addition to simplifying the
objects that they study, scientists simplify the interactions between objects and also the
processes that are occurring in the real world. Then they add complexity as their understanding grows. Galileo Galilei is believed to be the first scientist to consciously model a
phenomenon. In his studies of falling objects in the early 17th century, he chose to simplify the real phenomenon by ignoring the interactions of the falling o bjects with the air.
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6  CHAPTER 1 Introducing Physics
Modeling A model is a simplified representation of an object, a system (a group

of objects), an interaction, or a process. A scientist creating the model decides
which features to include and which to neglect.

As you see from above, there are different kinds of models. Those important for
physics are mathematical models of processes. Models allow us to predict future
phenomena.

1.3 Physical quantities
To describe physical phenomena quantitatively and model them mathematically,
physicists construct physical quantities: features or characteristics of phenomena that
can be determined experimentally, directly or indirectly. Determining the value of a
physical quantity means comparing the characteristic to an assigned unit (a chosen
standard).

TABLE 1.1 Power of 10 prefixes

Prefix

Abbreviation

Tera
Giga
Mega
Kilo
Hecto
Deka
Deci
Centi
Milli
Micro
Nano
Pico
Femto

T
G
M
k
h
da
d
c
m
m
n
p
f

Value
1012
109
106
103
102
101
10-1
10-2
10-3
10-6
10-9
10-12
10-15

Units of measure
Physicists describe physical quantities using the SI system, or Le Système i nternational
d'unités, whose origin goes back to the 1790s when King Louis XVI of France created
a special commission to invent a new metric system of units. For example, in the SI
system length is measured in meters. One meter is approximately the distance from
your nose to the tip of the fingers of your outstretched arm. A long step is about one
meter. Other units of length are related to the meter by powers of 10 using prefixes
(milli, kilo, nano, …). These prefixes relate smaller or bigger versions of the same unit
to the basic unit. For example, 1 millimeter is 0.001 meter; 1 kilometer is 1000 meters.
The prefixes are used when a measured quantity is much smaller or much larger than
the basic unit. If the distance is much larger than 1 m, you might want to use the kilometer 1103 m2 instead. The most common prefixes and the powers of 10 to which they
correspond are given in Table 1.1. In addition to the unit of length, the SI system has
six other basic units, summarized in Table 1.2.
TABLE 1.2 Basic SI physical quantities and their units
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Physical quantity

Unit name
and symbol

Physical description
(approximate value)

Time

Second, s

One second is the time it takes for the heart to
beat once.

Length

Meter, m

One meter is the length of one stride.

Mass

Kilogram, kg

One kilogram is the mass of 1 liter of water.

Electric current

Ampere, A

One ampere is the electric current through super
bright white LEDs, such as those used in some
street lamps.

Temperature

Kelvin, K

One kelvin degree is the same as 1 degree on
the Celsius scale or about 2 degrees on the
Fahrenheit scale. Half a kelvin (about 1 degree
Fahrenheit) is the smallest temperature difference that the average person can detect by
touching (with your hands).

Amount of matter

Mole, mol

One mole of anything contains 6 * 1023 of the
units; one mole of oranges contains 6 * 1023
oranges.

Intensity of light

Candela, cd

One candela is the intensity of light produced
by a relatively large candle at a distance of 1 m.
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Table 1.2 provides a “feel” for some of the units but does not say exactly how each
unit is defined. More careful definitions are important in order that measurements made
by scientists in different parts of the world are consistent. However, to understand the
precise definitions of these units, one needs to know more physics. We will learn how
each unit is precisely defined when we investigate the concepts on which the definition
is based.

Measuring instruments
Physicists use a measuring instrument to compare the quantity of interest with a standardized unit. Each measuring instrument is calibrated so that it reads in multiples of
that unit. Some examples of measuring instruments are a thermometer to measure temperature (calibrated in degrees Celsius or degrees Fahrenheit), a watch to measure time
intervals (calibrated in seconds), and a meter stick to measure the height of an object
(calibrated in millimeters). We can now summarize these ideas about physical quantities and their units.

Physical quantity A physical quantity is a feature or characteristic of a physical
phenomenon that can be measured in some unit. A measuring instrument is used
to make a quantitative comparison of this characteristic with a unit of measure.
Examples of physical quantities are your height, your body temperature, the speed
of your car, and the temperature of air or water.

Significant digits
When we measure a physical quantity, the instrument we use and the circumstances
under which we measure it determine how precisely we know the value of that quantity.
Imagine that you wear a pedometer (a device that measures the number of steps that
you take) and wish to determine the number of steps on average that you take per minute. You start walking at 3 p.m. according to your analog watch and stop when it shows
3:26, and see that the pedometer shows 2254 steps. You divide 2254 by 26 using your
calculator, and it says 86.692307692307692. If you accept this number, it means that
you know the number of steps per minute within plus or minus 0.000000000000001
steps/min. If you accept the number 86.69, it means that you know the number of steps
to within 0.01 steps/min. If you accept the number 90, it means that you know the number of steps within 10 steps/min. Which answer should you use?
To answer this question, let’s first focus on the measurements. Although it seems
that you walked for 26 min, you could have walked for as few as 25 min or for as many
as 27 min depending on whether you started a little after 3 p.m. or finished a little
after 3:26. The number 26 does not give us enough information to know the time more
precisely than that. The time measurement 26 min has two significant digits, or two
numbers that carry meaning contributing to the precision of the result. The pedometer
measurement 2254 has four significant digits. Should the result of dividing the number
of steps by the amount of time you walked have two or four significant digits? If we
accept four, it means that the number of steps per minute is known more precisely than
the time measurement in minutes. This does not make sense. The number of significant
digits in the final answer should be the same as the number of significant digits of the
quantity used in the calculation that has the smallest number of significant digits. Thus,
in our example, the average number of steps per minute should be 87. We rounded the
result given by the calculator to two significant digits. This example shows that when
we divide (or multiply) one term by another value, the number of significant digits in
the result cannot be greater than the number of the significant digits in the term that has
the fewest—in our case, two digits in the time. However, as we add or subtract values,
the answer cannot have more decimal places than the term with fewest decimal places.
For example, 30.517 s + 0.3 s = 30.8 s.
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FIGURE 1.6 The precision of an instrument is
determined by one-half of its smallest division.
The smallest division of this measuring tape is
1 mm, so the precision is 0.5 mm.

One division 5 1 mm
Half division 5 0.5 mm

Another issue with significant digits arises when a quantity is reported with no decimal points. For example, how many significant digits does 6500 have—two or four?
This is where scientific notation helps. Scientific notation means writing numbers
in terms of their power of 10. For example, we can write 6500 as 6.5 * 103. This
means that the 6500 actually has two significant digits: 6 and 5. If we write 6500 as
6.50 * 103, it means 6500 has three significant digits: 6, 5, and 0. The number 6.50
is more precise than the number 6.5, because it means that you are confident in the
number to the hundredths place. Scientific notation provides a compact way of writing
large and small numbers and also allows us to indicate unambiguously the number of
significant digits a quantity has.
Because we use instruments to measure quantities, we need to connect our knowledge of significant digits to the measurements. When we measure a quantity, we talk
about precision. The precision of the value of a physical quantity is determined by one
of two cases.
1. If the quantity is measured by a single instrument, its precision depends on the
instrument used to measure it. Figure 1.6 shows how the design of the measuring
instrument determines its precision.
2. If the quantity is calculated from other measured quantities, then its precision
depends on the least precise instrument out of all the instruments used to measure
a quantity used in the calculation.

1.4 Making rough estimates

FIGURE 1.7 In everyday life, rough estimates
are often sufficient.

Sometimes it is useful to make a rough estimate of a physical quantity to help assess
a situation or to make a decision. To do this, we use our personal knowledge or experience to get an approximate numerical value for an unknown quantity. Often the goal
of the rough estimate is to determine the order of magnitude of the quantity—is it tens,
hundreds, or thousands of the relevant units? Estimating is an extremely valuable skill
not only in science but also in everyday life (Figure 1.7).
For example, suppose we want to estimate the amount of drinking water that
needs to be taken on a passenger airplane for a 4-h flight. We don’t know exactly
how many passengers are on the plane, but perhaps we assume that there are about
30 rows of seats with six seats per row. These data allow us to estimate the number of
passengers: 30 * 6 = 180. After adding the crew and rounding the number, we can
estimate the number of passengers to be 200. How many cups of water will each passenger drink? Some may drink six, but some only one. It seems reasonable to estimate
that each person will drink about a cup of water every hour during the flight. Therefore, during a 4-h flight, 200 people will drink about 800 cups of water. How much
water is in 1 cup? Again, if we don’t know exactly, we can estimate it to be about
200 mL (a can of Coke holds about 350 mL). Our final estimation for the amount of
water needed on the airplane is therefore 160,000 mL, or 160 L. You could argue that
the airplane might be larger (with, say, 40 rows of eight seats) and that if the flight
is during the daytime, people might drink more water (say six glasses per person).
If you repeat the calculation using these new numbers, you will get about 380 L of
water. This number is larger than our first estimate, but the order of magnitude is the
same—hundreds of liters.

1.5 Vector and scalar quantities
There are two general types of physical quantities—those that contain information
about magnitude as well as direction and those that contain magnitude information
only. Physical quantities that do not contain information about direction are called
scalar quantities and are written using italic symbols (m, T, etc.). Mass is a scalar
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quantity, as is temperature (Figure 1.8). To manipulate scalar quantities, you use standard arithmetic and algebra rules—you add, subtract, multiply, and divide scalars as
though they were ordinary numbers.
Physical quantities that contain information about magnitude and direction are
called
vector quantities and are represented by italic symbols with an arrow on top
u u
1F, v, etc.2. The little arrow on top of the symbol always points to the right. The actual direction of the vector quantity is shown in a diagram. For example, force is a
physical quantity with both magnitude and direction (direction is very important if you
are trying to hammer a nail into the wall). When you push a door, your push can be
represented with a force arrow on a diagram; the stronger you push, the longer that
arrow must be. The direction of the push is represented by the direction of that arrow
(Figure 1.9). The arrow’s direction indicates the direction of the vector, and the arrow’s
relative length indicates the vector’s magnitude. The methods for manipulating vector
quantities (adding and subtracting them as well as multiplying a vector quantity by a
scalar quantity) will be introduced as needed in the following chapters.

FIGURE 1.8 Temperature is a scalar quantity;
it has magnitude, but not direction. However, it
can be positive or negative.

1.6 How to use this book to learn physics

FIGURE 1.9 The force that your hand exerts
on a door is a vector quantity represented by
an arrow.

The goals of this textbook are to help you construct understanding of some of the most
important ideas in physics, learn to use physics knowledge to analyze physical phenomena, and develop the general process skills that scientists use in the practice of
science. One such skill is learning from a scientific text. Thus, by learning to work with
your textbook efficiently and productively, you will not only learn physics but also develop textbook reading skills that will be helpful in any other science subject you study.
To take advantage of all the tools that this textbook has to offer, we suggest that you
read the text below and then, after you work through the first few chapters, come back
to this section and read it again.
The most important strategy that will help you learn better is called interrogation.
Interrogation means continually asking yourself the same question when reading the
text. This question is so important that we put it in the box below:

FHand

on Door

Why is this true?
Make sure that you ask yourself this question as often as possible so that eventually
it becomes a habit. Out of all the strategies that are recommended for 
reading
comprehension, this is the one that is directly connected to better learning outcomes.
For example, in Section 1.2 you read the following sentence: “The modeling of objects
is the first step that physicists use when they study natural phenomena.” Ask y ourself,
“Why is this true?” Possibly because real-life phenomena are too complicated to be
investigated in detail—it is much easier to describe the motion of a runner if you
consider her to be a point-like object than to take into account the details of her arms,
legs, hair, etc. Thus, simplifying, (or as physicists call it, modeling) is the first step that
we take. By just stopping and interrogating yourself as often as possible about what
is written in the book you will be able to understand and remember this information
better.

Textbook features
This textbook has several features that repeat in every chapter. Recognizing these features and using them effectively not only will help you learn physics and shorten the
time that you spend doing so, but also will help you develop good reading habits.
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Chapter-opening page and connection to real life

3

The large photo at the beginning of each chapter shows an aspect
of your life or the world around you that can be explained using the
physics in the chapter. The three questions in the margin below the
photo also help you connect chapter material to real life or some
exciting applications. The questions are all answered in the chapter,
often in a quantitative way. For example, in Chapter 3, the question
“How do seat belts and air bags save lives?” is answered in the last
section, “Seat belts and air bags.” When you start working with a new
chapter, read the questions and the short explanation below the photo
to get motivated about the material in the chapter. People learn and
remember new knowledge much better if they are motivated to learn!

BE SURE YOU KNOW HOW TO:
●●

●●

●●

Draw a motion diagram for a
moving object (Section 2.2).
Determine the direction of
acceleration using a motion
diagram (Section 2.7).
Add vectors graphically and
determine their components
(Sections 2.3, 2.4, and 2.6).

Be sure you know how to
At the bottom of each chapter-opening page is a bulleted list referring to sections from earlier chapters. This list highlights
concepts and skills that are necessary to be successful in learning the upcoming new material. Consider the bullets as cues
identifying the most important ideas in the previous chapters and where to find them. For example, in Chapter 3, one bullet
says “Determine the direction of acceleration using a motion diagram (Section 2.7).” Ask yourself whether you know how
to do that, and if you do not, review Section 2.7.

Physics Tool Boxes

Observational Experiment Tables
These tables help you learn how to observe simple
experiments carefully and look for patterns. The goal of
these tables is to show you where physics concepts and
mathematical models come from. To find the patterns, you
will need to use the tools that you learn in the Physics Tool
Boxes. When working with an Observational Experiment
Table, first watch the video of the experiment. Then read the
description of the experiment in the left column of the table
and try to analyze it without looking at the rest of the table.
After you are done, compare your analysis to the analysis
in the right-hand column(s) of the table and see if you agree
with the described patterns. The experiment videos launch
directly from the eText pages. They are also linked within
the Study Area of Mastering™ Physics,
via this QR code, and at https://goo.gl
/s2MerO. We recommend that you
bookmark this page and use it when
you work with the book.
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PHYSICS

These boxes show you the sequence of steps necessary to master a
specific physics skill, such as drawing a force diagram or a bar chart.
These skills are tools you will use to analyze physics processes and
solve problems. They serve as bridges between real phenomena and
mathematics (math is also one of the tools, but we treat it separately).
If you learn to use these tools effectively, problem solving will be
much easier. When you are learning a new tool, redraw all the steps in
your notebook and, after that, work through the Conceptual Exercise
that follows a Physics Tool Box. This process will help you practice the
steps that you just learned.

TOOL BOX

Constructing a force diagram

1. Sketch the 2. Circle the
situation (a
system (the
rock sinking rock).
into sand).

3. Identify external
interactions:
• The sand pushes
up on the rock.
• Earth pulls down
on the rock.

4. Place a dot at the side of the
sketch, representing the system.
5. Draw force arrows
to represent the
external interactions.

S

FS on R

6. Label the forces
with a subscript
with two elements.

S

FE on R

OBSERVATIONAL

EXPERIMENT TABLE

3.1

How are motion and forces related?

VIDEO
OET 3.1

Analysis
Observational experiment
Experiment 1. A bowling
ball B rolls on a very
hard, smooth surface
S without slowing down.

Experiment 2. A ruler R
lightly pushes the rolling
bowling ball opposite
the ball’s direction
of motion. The ball
continues to move in
the same direction,
but slows down.
Experiment 3. A ruler
R lightly pushes the
rolling bowling ball in the
direction of its motion.
The ball speeds up.

Motion diagram

vS

Force diagrams for first and third positions

S

Dv 5 0
B

vS

vS

S

S

FS on B

vS

S

FS on B

S

S

FE on B

vS

DvS

R

vS

vS

S

vS

DvS
vS

vS

S

FE on B

FE on B

FR on B

S

FE on B

S

FS on B
S

FS on B
S

S

vS

S

FS on B
S

FR on B

vS

FE on B

FS on B
S

FR on B

S

FE on B

S

FR on B

Pattern
●

●
●

In all the experiments, the vertical forces add to zero and cancel each other. We consider only forces exerted on the ball in the horizontal
direction.
In the first experiment, the sum of the forces exerted on the ball is zero; the ball’s velocity remains constant.
u
In the second and third experiments, when the ruler pushes the ball, the velocity change arrow (D v arrow) points in the same direction as the
sum of the forces.
u
Summary: The D v arrow in all experiments is in the same direction as the sum of the forces. Notice that there is no pattern relating the
u
direction of the velocity v to the direction of the sum of the forces. In Experiment 2, the velocity and the sum of the forces are in opposite
directions, but in Experiment 3, they are in the same direction.
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TESTING

EXPERIMENT TABLE

3.7

Testing the relationship between the forces that interacting
objects exert on each other

Testing experiment
Two people are holding spring scales that are hooked together. The scales
remain horizontal during the experiment. Person 1 pulls her scale so that
scale 1 reads 10 N, while person 2 just holds scale 2. Predict the reading of
scale 2.
Scale 1

Scale 2

10 20 30 40

Person 2

N

N

10 20 30 40

0

FS1 on S2 5 10 N

0

Person 1

FS2 on S1 5 ?

Predict the reading of scale 1 when person 2 pulls scale 2 exerting an arbitrary
force.

VIDEO
TET 3.7

Prediction

Outcome

If the pattern relating the
two forces that interacting
objects exert on each other
(they have the same magnitudes and opposite directions) is correct, and scale
1 pulls on scale 2 exerting a
force of 10 N, then scale 2
should pull on scale 1 in the
opposite direction exerting
a force of 10 N. Both scales
will have the same reading.
The same is true for the
readings of the scales when
scale 2 pulls on scale 1.

The experiments show that
no matter who pulls on a
scale, the scales have the
same reading.

Conclusion

Testing Experiment Tables
These tables help you learn how to test patterns or explanations
(many of them will be the patterns that emerged from the
Observational Experiment Tables). Your procedure with these tables
is different. First, read the description of the experiment in the left
column, then try to use the pattern or explanation being tested to
predict the outcome of the experiment. Only then should you watch
the video or read about the outcome in the far right column.

Summary
A system is circled in a sketch of a process. Other objects
that interact with the system are called the environment.
(Sections 3.1 and 3.5)

Cable
System: elevator

The outcome supports the pattern in the forces that two objects exert on each other during the interaction. These forces are of the same magnitude
and opposite in direction.

Environment:
cable and Earth

Earth

TIP

Notice that the “vector sum of
the forces” mentioned in the
definition at right does not mean the sum
of their magnitudes. Vectors are not added
as numbers; their directions affect the
magnitude of the vector sum.

The force that one object exerts on another characterizes
an interaction between the two objects (a pull or a push).
The unit of force is the newton (N); 1 N = 11 kg211 m>s22.
(Sections 3.1 and 3.5)

u

F E on O

Cable
y

Interacting objects

S

FC on E1

u

A force is denoted by the symbol F with two
subscripts indicating the object that is exerting
the force and the system object.

A force diagram represents the forces that external objects
exert on the system. The arrows in the diagram point in the
directions of the forces, and their lengths indicate the relative
magnitudes of the forces. (Sections 3.1 and 3.2)

S

FE on E1
Earth

Tips
These short comments within the text encourage the use of particular
strategies, point your attention to important details that you might
otherwise miss, or warn you about specific difficulties that many
students experience.

Newton’s first law of motion If no other objects exert
forces on a system or if the forces exerted on the system add to
zero, then the system continues moving at constant velocity (as
seen by observers in inertial reference frames). (Section 3.4)
Newton’s second law The acceleration aS of a system is
proportional to the sum of the forces that other objects exert
on the system and inversely proportional to its mass m.
(Section 3.5)

u

y

m

vS

S Fon S

u

S

aS =

mS

FC on E1

vS

u

u

F1 on S + F2 on S + g
mS

=

DvS

Eq. (3.6)

S

v

S

FE on E1

REVIEW QUESTION 3.6 Newton’s second law says that the acceleration of an object
is inversely proportional to its mass. However, the acceleration with which all objects
fall in the absence of air is the same. How can this be?

Newton’s third law Two objects exert equal-magnitude
and opposite direction forces of the same type on each other.
(Section 3.8)

At the end of each section is a Review Question. The goal of these
questions is to help you learn how to read a scientific text and interrogate it in a way that is similar to how physicists interrogate claims.
This skill is a major component of critical thinking. After you read
the question, first try to form your opinion about the answer and
only after that reread the section and try to find evidence that will
support or refute your opinion. Ask your instructor for the answers
to Review Questions.

u

Eq. (3.9)

S

FE1 on C

u

Review Questions

u

F1 on 2 = - F2 on 1

S

FC on E1

The gravitational force FE on O that Earth exerts on an object
of mass m when on or near Earth’s surface depends on the
gravitational coefficient g of Earth. If on or near another planet
or the Moon, the gravitational coefficient near those objects is
different. (Section 3.6)

Magnitude
FE on O = mOg

Eq. (3.8)

where
g = 9.8 m>s2 = 9.8 N>kg
when the object is on or near Earth’s surface.

Chapter summaries
The summary at the end of each chapter helps you reflect on what
you learned. Compare different representations of the same idea and
try to find anything you might have missed or misunderstood. Do
you understand the connections? Can you write the mathematics
illustrated by a diagram? This process is the best strategy to make
sure you did not miss anything.

Problem solving
This textbook teaches you how to approach physics problem solving in a very
systematic way. If you consistently follow the problem-solving strategy demonstrated in worked examples, we guarantee that by the end of the course you will be
an expert problem solver. Every example has four problem-solving steps that we
suggest you use when solving any physics problem. Start by reading the problem at
least three times to completely understand the problem statement. Next, try to visualize the problem situation and draw a sketch. This is the beginning of the first step:

Sketch and translate

EXAMPLE 3.9

Force exerted by air bag on driver during collision

A 60-kg crash test dummy moving at 13.4 m>s 130 mi>h2 stops during
a collision in a distance of 0.65 m. Estimate the magnitude of the average force that the air bag and seat belt exert on the dummy.
Sketch and translate We sketch and label the situation as shown
below, choosing the crash test dummy as the system. The positive
x-direction is in the direction of motion, and the origin is at the position
of the dummy at the start of the collision.

“Translate” means converting the problem’s everyday language into the language
of physical quantities. It is helpful to use the strategy “circle, box, underline” when
trying to translate. Circle what is given and can be easily translated (for example,
the given mass of a crash test dummy, 60 kg), box what needs to be found (such as
the average force that an air bag and seat belt exert on the dummy), and underline
the words that need interpretation for the translation (the word “stops” tells us that
the final speed of the dummy is 0 m>s). Notice that sketching the process and
representing it in different ways are important steps in solving any problem.
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Simplify and diagram
Here you will make necessary simplifications and choose a productive physics representation (from your Tool Box). Determine how you can simplify the
situation. How will you model the object of interest? What interactions can you
neglect? You will learn a new representation in nearly every chapter; thus the
choice of a productive one is key to solving the problem.

Represent mathematically
In this step you will use the physics representation from the step above to
construct the mathematical representation of the same situation. No numbers are
needed here, only symbols of physical quantities. The goal of this step is to work
with the mathematical representations to isolate the variable that you need to
solve for. By representing the situation using these multiple methods and learning to translate from one type of representation to another, you will start giving
meaning to the abstract symbols used in the mathematical description of the situation.

Simplify and diagram We model the dummy D
as a point-like object and assume that the primary
force exerted on the dummy while stopping is
u
due to the air bag and seat belt’s FA on D, shown
in the force diagram. We can ignore the downward
gravitational force that Earth exerts on the dummy
u
FE on D and the upward force that the car seat exerts
u
on the dummy F S on D since they add to zero and
do not contribute to the acceleration.

Represent mathematically To determine the dummy’s acceleration, we use kinematics:
ax =

v 2x - v 20x
21x - x02

Once we have the dummy’s acceleration, we apply the x-component
form of Newton’s second law to find the force exerted by the air bag and
seat belts on the dummy:
ax =

FA on D x
-FA on D
FA on D
=
= mD
mD
mD
1 FA on D = - mDax

Solve and evaluate
Finally, you will plug the values of the physical quantities into the equation
found in the step above (do not forget the units!) and solve for the variable you
boxed in the first step. When you obtain a number, your job is not done—you
need to evaluate your answer, or ask yourself whether your answer is reasonable.
You will learn three major strategies for performing this evaluation in this book.

Solve and evaluate We know that v0x = + 13.4 m>s and vx = 0 (the
dummy has stopped). The initial position of the dummy is x0 = 0 and
the final position is x = 0.65 m. The acceleration of the dummy while
in contact with the air bag and seat belt is
ax =

02 - 113.4 m>s2 2
210.65 m - 0 m2

= -138 m>s2

Thus, the magnitude of the average force exerted by the air bag and seat
belt on the dummy is
FA on D = -160 kg21- 138 m>s22 = 8300 N

This force 3 8300 N11 lb>4.45 N2 = 1900 lb 4 is almost 1 ton. Is this
estimate reasonable? The magnitude is large, but experiments with crash
test dummies in the real world are consistent with a force this large in
magnitude, a very survivable collision.

Try to solve the example problems in the chapters by using this four-step strategy without looking at the solution. After finishing, compare your solution to the one described in the
book. Then do the “Try it yourself” part of the example problem and compare your answer to
the book’s answer. If you are still having trouble, use the same strategy to actively solve other
example problems in the text or problems from the Active Learning Guide (if you are using that
companion book). Uncover the solutions to these worked examples only after you have tried to
complete the problem on your own. Then follow the same process on the homework problems
assigned by your instructor.
In addition to the full worked examples, the book provides Conceptual Exercises and Quantitative Exercises. These have fewer steps: “Sketch and translate” and “Simplify and diagram”
in the Conceptual Exercises, and “Represent mathematically” and “Solve and evaluate” in the
Quantitative Exercises.

Summary
We are confident that this book will act as a useful companion in your study of
physics and that you will take from the course not just the knowledge of physics but
also an u nderstanding of the process of science that will help you in all your scientific
endeavors. Learning physics through the approach used in this book builds a deeper
understanding of physics concepts and an improved ability to solve difficult problems
compared to traditional learning methods. In addition, you will learn to reason scientifically and be able to transfer those reasoning skills to many other aspects of your life.
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