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As you will learn throughout this book the study of physics has to do largely with
determining why something works the way it does. You will not be required to
memorize long tables of facts and figures. That simply doesn’t work for the
majority of people. Your job in the next 36 weeks is to process everything you
read and gain the necessary tools within the relatively simple practice problems so
that you can approach more difficult problems with a greater level of confidence
and efficiency.
We’ll get more into this in Chapter 1. For now let’s look at preparing you for some
of the math that will be expected throughout our journey. To accomplish this I
want you to think about what could you possibly do within a single second? Speak
a short sentence. Push a few buttons. Send an email perhaps? All of these are
possible but now think about what a machine can do within a second.
 The fastest satellite can travel over 16,000 meters in one second.
 CERN’s Large Hadron Collider can collect over 6,000,000,000,000,000
individual bytes of data in a single second.
 At the time of this writing the world’s fastest computer can perform nearly
34,000,000,000,000,000* calculations every second.
*I promise I will not ask you to make that many calculations this year!

These sizes are incomprehensible to us. And
the precision required of these remarkable
devices to perform such tasks are truly
immense. This is one reason for the need of
a short cut to make all of these large
numbers a little easier to manage. This short
cut is known as scientific notation. The rules
of this method are very easy to follow as
long as you can multiply or divide any number
by 10.
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Instead of writing out the number 100, you would write 102. The “2” that is
hovering on top of the 10 represents the multiplication of the number 10 by itself.
The number 1000 would be written as 103; 10,000 would be 104, and so on. The
following chart can be used to follow how these exponents work:
100 = 10 x 10 = 102 = one hundred
1,000 = 10 x 10 x 10 = 103 = one thousand
10,000 = 10 x 10 x 10 x 10 = 104 = ten thousand
1,000,000 = 10 x 10 x 10 x 10 x 10 x 10 = 106 = one million
1,000,000,000 = 10 x 10 x 10 x 10 x 10 x 10 x 10 x 10 x 10 = 109 = one billion
This chart only tells us how to make our number larger. We can use this same
procedure in reverse to determine how small an object can be as well. For
example:
1/10 = 10-1 = one tenth
1/100 = 1/10 x 10 = 10-2 = one hundredth
1/1,000 = 1/10 x 10 x 10 = 10-3 = one thousandth
1/10,000 = 1/10 x 10 x 10 x 10 = 10-4 = one ten thousandth
1/1,000,000 = 1/10 x 10 x 10 = 10-6 = one millionth
1/1,000,000,000 = 1/10 x 10 x 10 = 10-9 = one billionth
So how do all of these short cuts help us? Well, instead of writing out the
number 2,500 when you are doing your calculations, you can write it as:

2.5 x 10 x 10 x 10 = 2,500
Or, you can make it REALLY easy on yourself and use scientific notation to write
it as:

2.5 x 103
In scientific notation, the first number you wrote down (the 2.5) is known as the
coefficient and the 103 is called the exponent. There is one little rule with
coefficients:
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The coefficient must always be a number between 1.0 and 9.9
This may seem to be more work that it is really worth. And you may be right when
we are using small numbers like 2,500. However, it is very possible that you will
have to work with much larger numbers like the one you read about a little while
ago - 3,011,500,000,000,000. This is where scientific notation comes in handy.
Let’s use this short cut once again:
Question #1:

3,011,500,000,000,000 = 3.0115 x 1015
How can you figure out how many times you have to divide this large number
by 10 to get 3.0115 x 1015?
After a few practice problems, you will probably become very good at solving this
problem. Until then, you can use a little device to help you count the number of
10’s you’ll need for your answer.

Simply count the number of loops you draw from the beginning decimal to where it
will create a coefficient between 1.0 and 9.9.
The same is true if you have a very small number and you need to put it into
scientific notation. For example, take a look at the following example:

0.0112556 = 1.12556 x 10-2
In order to convert 0.0112556 into scientific notation, you need to multiply this
number by 100 to get a coefficient between 1.0 and 9.9. This can be represented
with the following pic:
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Another way to determine how to
convert a large or small number
into scientific notation is to
remember this simple rule:

If the coefficient
needs to get smaller
during a conversion,
the exponent will
need to get bigger,
and vice versa!
For example, let’s assume we need to convert the following number into scientific
notation:

3,011,500,000,000,000
This number will need to get smaller, right? So if this number gets smaller, its
exponent will need to get larger. Therefore…

3,011,500,000,000,000 = 3.0115 x 1015
If you have a small number like this one…

0.016115

...and you need to convert it into scientific notation, it will have to become
LARGER in order to be a proper coefficient. Therefore...

0.016115 = 1.6115 x 10-2
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So how do you know where you should place the final decimal?
That is easy! Your coefficient should always be between 1 and 9.999…
Why are we doing this again?
Okay, I will be honest with you. Crunching
numbers and practicing scientific notation
problems may not be the most exciting thing
to do. However, this skill is very important
not only to physicists, but to mathematicians,
and engineers too!
Physicists need the best data possible when
running experiments. The ability to
accurately AND precisely identify very large
or small numbers is extremely important.
You may be thinking that accuracy and
precision is the same thing. But they’re not!
Precision is how close a series of measurements are to each other.
Accuracy is how close a measured value is to the real value of the object.

You can see how these two terms work in the kitchen:
Imagine baking three batches of cookies. Everything is going fine until you get
distracted with phone calls, TV, etc. and end up burning all three sheets of
cookies.

This is an example of being precise but not accurate (they all look
like charcoal, but that’s not what you were hoping for!)
So you cook three more sheets of cookies and make certain to set a timer this
time. The bell goes off and you pull out the cookies only to find that the sheet on
the bottom of the oven burned all of the cookies but the sheets on top of the
oven were still gooey. Your oven does not heat evenly!

This is an example of being NEITHER precise nor accurate.
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You decide to give it one more try. The timer is set and you have the brilliant idea
to rotate your cookie sheets within the oven as they are cooking. When the time
is up, you pull out your cookies and find all of them to be cooked perfectly!

This is an example of being BOTH accurate and precise. All of the
cookies have been cooked precisely the same as each other AND
the accuracy of how long they were to be cooked was perfect!
The use of scientific notation provides you with a method of shortening huge
numbers down into smaller pieces. This is really going to be helpful in the coming
weeks as you work through your practice problems. But we are not done yet.
Scientific notation does not provide us with the necessary precision or accuracy in
our answers. Therefore, let’s imagine running an experiment and collecting all
kinds of data. Let’s say our experiment was on the time it takes a cup of
saltwater to boil on the stove. We can collect data on the temperature of the
water when it boils, the amount of salt added, the amount of heat added to the
solution, etc. Let’s assume that we ran our experiment three times and
documented that it took 12.2 minutes, 11.9 minutes, and 12.4 minutes for the
saltwater to boil each time. An average of these three numbers would give us:

12.2 minutes + 11.9 minutes + 12.4 minutes = 36.5 minutes
36.5 minutes / 3 = 12.1666666 minutes
The questions that we need to be
asking now are:

How precise is our data?
and

How accurate is our data?
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Precision is how close a series of measurements are to each other.
Accuracy is how close a measured value is close to the real value of the object.
We are going to tackle the “accuracy” question later in this chapter. Let’s focus
on how precise our data is first!

In order to see how precise our data is, we have to look at the
number of decimal places that exist within our data.
In our example, the measurements of 12.2,
11.9, and 12.4 minutes are all assumed to be
precise to the nearest 0.1 minute. Why can
we make that assumption? Because why else
would you go to the trouble of writing out
each measurement to the tenths category?
The .2, .9, and .4 in our three measurements
give us a very precise amount of information
about the time it took our saltwater to boil.
Any digits that give us some amount of
precision about a set of data are known as
significant figures (numbers).
This does not mean that ALL numbers which
exist within our data are significant. Some of them are not significant at all!

So how do you identify the significant from
the non-significant numbers?
Well, there are set of easy rules you can follow to determine which numbers are
significant?
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Rule #1: All non-zero numbers in measurements are
always significant.
For example...
12.2 minutes = three significant figures
11.9 minutes = three significant figures
12.4 minutes = three significant figures
Each of these numbers is precise to the nearest
tenth (0.1)

Rule #2: Zeros between non-zero numbers are always
significant (these are the zeros that are
“sandwiched” between two significant figures!)
For example...
1801 grams = four significant figures
2001 grams = four significant figures
Both of these numbers are assumed to be precise to the nearest 1 gram.

Rule #3: Zeros to the left of all non-zero numbers are never
significant.
For example...
0.01 grams = one significant figure
(both of the zeros are to the left of the significant figure)
0.12 grams = two significant figures
(the zero is not to the right of a non-zero number)
Both numbers are assumed to be precise to the nearest hundredth (0.01)
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Rule #4: Zeros to the right of all non-zero numbers are only
significant if there’s a decimal within the number.
For example...
0.1220 = four significant figures
(the first zero is not significant because it is on the left of the non-zero
numbers; however, the second zero is on the right of a non-zero number so it is
significant.)
45.0000 = six significant figures
Both of these numbers are assumed to be precise to the nearest 0.0001

Rule #5: All other zeros are insignificant.
For example...
0.56 = two significant figures
7840000 = three significant figures

Rule #6: Within scientific notation, only the coefficient may
have significant figures, not the exponent.
For example...

2.348 x 107 = four significant figures (pay no attention to the 107)

So why do we need to learn
this?
Because knowing how precise our
data is makes all the difference in
the world in science!
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Let’s look back at our saltwater experiment – when we start applying math and
calculate averages with our data, we need to be certain that our averages are a
reflection of how precise our data was to begin with! Here’s the data we are
working with:

12.2 minutes + 11.9 minutes + 12.4 minutes = 36.5 minutes
36.5 minutes / 3 = 12.1666666 minutes
How precise is our data with 12.2, 11.9, and 12.4? All
of them are assumed to be precise to the nearest
tenth (0.1) of a minute. Now, how precise was our
average – 12.166666 minutes? This answer is
assumed to be precise to the nearest millionth
(0.000001) of a minute. That’s very precise! In
fact, it is much more precise than the data we
collected! This answer is way too precise and
something needs to be done about it.

This is why we have to follow a simple rule when
multiplying and dividing significant figures:
When multiplying and/or dividing significant figures, the answer should have the
same number of significant figures as the number with the least number of
significant figures. You can’t have an answer that is more precise than all of the
numbers that were used in the problem, right?
An analogy to this problem can be summed up like this:

A team can only be as fast as its slowest runner;
similarly, a set of data can only be as precise as its
most imprecise numbers.
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With this in mind, let’s fix our problem:

12.2 minutes + 11.9 minutes + 12.4 minutes = 36.5 minutes
36.5 minutes / 3

= 12.2 minutes

* You should notice that we rounded the original 12.166666 minutes to the nearest tenth of a minute.

Since significant figures give you important information about
the precision of your data, it is important to always write
your answers with the correct amounts of significant figures.
Every effort has been made in your practice problems to include the correct
significant figures. However, you might encounter a few problems that simply do
not add up. Don’t panic! It is more important that you arrived at your answer
understanding the proper methods required of you and the knowledge of why you
used those numbers rather than rounding an answer to 12.3 instead of 12.25.

You are going to make mistakes. That is okay. You are going
to be frustrated at times. That’s okay too. But your successes
will be measured in how often you pick yourself up when you
fall. We all make mistakes. That’s part of life.
If you need to take a brief break from the material and go for
a walk - do it! I spent many miles on the trails in the making
of this book. It’s okay… It will clear your head and you’ll
come back energized.
Now take a deep breath, open up a new page in your
notebook, sharpen a pencil or two, and start learning why
things work in Chapter 1.

Chapter One: Page 1

Before you dive headfirst into a study of
matter, energy, and how they are very closely
related, it may help to read a quote from a
supremely intelligent, slightly irreverent, and
highly praised physicist:
“I learned very early the difference between
knowing the name of something and knowing
something.”
- Richard Feynman

Many people fear their first steps into physics. Images of walls filled with
unintelligible figures and numbers that can only be interpreted by older, whitehaired professors locked away in dusty university chambers may come to mind. If
this is a fear you have, let me help relieve some of your stress:

Throughout this book, try as hard as you can to
NOT memorize most of its information.
This book is not a novel. As you read, focus on how’s and why’s of how something
works rather than on what the formulas show to you.

Don’t forget - memorization is a lower form of learning.
Did you catch the irony in that statement? Ha!

When you learn a new law or formula, spend time to understand how and why it
works – not merely on what numbers and symbols it contains. The following hints
may also help you succeed throughout your journey:
 Read the homework problems first. It will give you an idea about what is
important in your reading, patterns to look for, etc.
 Read with a pencil/paper in hand and record important concepts you study in
your own words. Most importantly, draw lots of diagrams! You will have
plenty of time to practice this skill in the coming chapters.
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 Stop to review material you have read. Go back and look through the
homework problems again. Ask yourself, “What have I learned that can be
applied so far to this problem in the real world?”
 Within each practice problem you approach, ask yourself each of the
following questions before writing them out on your paper:



How can I simply draw what is happening in this problem?
What information does this problem give me to work with? And what
are the units for all of these measurements?



What is the problem asking me to do?
What tools/equations/prior knowledge do I have to solve this type of



problem?
How can I go about applying the information to solve the problem?



 Work the problems while trying to avoid looking at the answer key (yes
there is an answer key).
 Work the problems. This isn’t a typo - it’s important and worth saying twice.

You can learn a lot from Mr. Feynman. Take
your time with this material. This course
will be a marathon - not a sprint.
Let’s get started...
A topic that is fundamental to all of science is the branch of physics known as
mechanics or the study of motion. From speeding cars to planetary rotation –
everything is in motion around us. Both the speed at which these objects move
and their directions are two of the core concepts within the study of mechanics.
In this first unit, we will explore one of two subsections of mechanics known as
kinematics or the descriptions of motion. The study of dynamics is the second
component of mechanics and focuses on the causes of motion. This will be the
topic of study in our next unit.
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Kinematics
Any study of motion involves two very important factors: position and time. In
physics, the term “position” can be used to describe the location of an object at
rest or its location between two arbitrary points throughout its motion.
Imagine looking out your window right now and observing a jogger traveling down
the road. The position of the runner will undoubtedly change over a period of
time. (Unless he’s on your sidewalk simply running in place which would be weird.)
If you were to take a series of photos of this runner at equal intervals and place
them all on one picture it may look something like this:

A picture that depicts the position of an object moving in equally-spaced periods
of time is known as a motion diagram. The diagram above identifies a runner in
motion, relative to the background landscape. A more simplistic way of graphically
describing a motion diagram is through the use of a particle model. This version
of a motion diagram replaces the multiple images with dots. Both the images and
the dots can be seen in the picture below:
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Both of these models help the viewer
identify the motion of the runner,
relative to the background landscape.
However, neither diagram can
provide any information pertaining to
the distance the figure has ran or
the amount of time that has passed
during the motion. To accomplish
this task, a coordinate system is
required to quantify this information.
In the most simplistic terms, a
coordinate system is a number line,
much like those found within graphs,
which may/may not contain two perpendicular lines. The horizontal axis is called
the x-axis and the vertical axis is called the y-axis. The area where these two
lines intersect is known as the origin.
Although we have not shown our runner along an imaginary graph, we can use a
different and equally powerful tool to visually describe his motion:

Vectors
A vector is a quantity that identifies both the
amount and direction of a moving object and is
commonly drawn in the form of an arrow.
We can add a vector to our runner by placing a
long arrow beneath his path. The runner begins
at the tail of the arrow while its point (tip)
shows us the direction of his motion.
*It is important to note that at the origin, we
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would label our runners position and time at “0 sec” as this is the beginning of his
motion; however, we can place the origin at any arbitrary point along the runner’s
path depending on what we are studying.
As seen in our ongoing example, the direction of the runner (away from the
pursuing cat) and its position from the origin can both be determined. The
runner’s motion involves an amount and a direction; therefore, her position can be
classified as a vector quantity and can be seen beneath the particle model in the
following graphic:

You need a strong grasp of how vectors work as they are a fundamental tool in the
physicist’s arsenal. We could easily describe any observable motion in words and
numbers – but a graphical representation such as a vector can make your
calculations much easier to understand.

A proper vector diagram contains three important characteristics:
1) An appropriate scale is provided on the diagram.
2) A tip is drawn on the arrow to identify the direction of the vector.
3) Labels are provided to indicate both the direction (in degrees) and the
magnitude (value that is always positive) of the vector.
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The vector diagram to the right is
an example of a properly drawn
vector diagram. A scale of 1cm to
10m is provided along with the
direction (45°) and amount (30m) of
the object’s motion.
The correct way to describe this
vector would be to say:
“The object has moved 30 meters
from the origin in a 45˚ direction.”

It is very important that all vectors are drawn to scale. Why is this so? Because
of one simple rule:

A vector’s magnitude is represented by the length of the
arrow.
Two simple vectors have been created
in this graphic which shows the
direction of both cat and runner from
our earlier example. Both are running
in the same direction as shown by the
arrows. Since a vector’s magnitude is
proportional the length of the arrow,
we would say that magnitude A of
vector A is less than magnitude B of
vector B. (From the magnitude of
these vectors, it doesn’t look like our
hungry feline will be eating today. Poor kitty…)
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When an object’s motion does not follow the
cardinal directions of North, South, East, and
West, the use of a 360° method can be
employed.
The universal standard for measuring degrees in
a vector diagram is a counterclockwise rotation,
starting with 0° at due east. As shown in the
series of pictures on the opposite side of this
page, the first diagram identifies the 0°
direction followed by 90°, 180°, and 270° all
relative to due east.
Our previous example of a properly drawn
vector diagram identifies the 45° motion of an
object relative to due east.
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At times, it will be necessary to perform some mathematical functions on vectors.
In the following graphic, two vectors can be added together to determine a result
also known as a resultant:
Vectors can be drawn on all observable motions when
both magnitude and direction can be determined. In
the first example, vector A is being added to vector
B. The resultant of this addition is a magnitude of 6.
The resultant can point in the negative direction as
can be seen in the second example when C + D = -3.
Vectors are not restricted to horizontal lines as can
be observed in the last example. Vectors E and F run
vertically in both directions and can be added
together as well!

What do you do when these
vectors are perpendicular to
each other?
Calculating two vectors requires knowing
both the magnitude and angle between
them. When they are parallel to each
other, their angles are the same; however,
when these two vectors are perpendicular
to each other, we need to do a little more
math.
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Let’s assume you have Vector A with a magnitude of
8 that lies perpendicular to Vector B whose
magnitude is 6. Since these vectors are
perpendicular, they form a right triangle.

Since we are working with a right triangle, we can
find the sum of these two vectors by using the
Pythagorean Theorem (a2 + b2 = c2) to calculate the
resultant vector:
82 + 62 = c2
100 = c2
√100 = c
10 = c
The proper way to describe this problem and its
solution is:
“The result of adding 8 east plus 6 north is a vector with a magnitude of 10.”

As you work through these problems,
take note that vectors do not add up
like regular numbers. You have to
know their direction(s) to do the
proper calculations.

Chapter One: Page 10

You have enough tools to practice calculating a resultant from parallel or
perpendicular vectors. You may be asking, “What if the vectors are at different
angles from each other?” That would be a good question, but calculating the
direction of angled vectors will be a task for future chapters. Stay tuned...
Unlike vectors, some quantities exist which only have magnitude but not direction.
These quantities are just as important to our understanding of motion and are
collectively known as:

Scalars
Time, volume (the amount of space a substance occupies), and distance are
examples of scalar magnitudes that exist without direction. Distance has been
mentioned a few times already in this chapter. A working definition for this
scalar quantity would be “the amount of space between two people, places, or
things that is measured along the path that connects them.”
Distance is considered a scalar as it is a quantity that lacks any directional
requirement. This concept is not to be confused with another quantity known as
displacement. Displacement is the measurable change in position for an object
from its initial starting point to its final destination.
Another way to say this is –
displacement is the amount of
space measured between two
locations along the shortest path
connecting them. This imaginary
distance between two points
contains both a magnitude and
direction as can be seen in the
graphic to the right.
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A simple way of looking at
distance vs. displacement...
If you spent all day walking around a
building and ended up getting back
into your car to go home, your
distance would be the sum of all your
motion throughout the day but your
displacement would be zero because
you ended up in the same position as
you started.

Vectors and Displacement
As your read the following example, follow along
with the graphic as well.
Imagine getting out of your car at the origin of
vector A. You walk east for 500m before
heading north (at the origin of vector B) and
walking another 500m. When you stop walking
and reach the tip of vector B, you turn east once
again and travel another 500m. In this scenario,
the distance you have traveled can be measured
by adding A + B + C = 1500m.
However, your displacement is the distance
between your initial starting point (vector A tail)
and your stopping point (vector C tip.) An
imaginary line has been drawn between these last
two points to identify the direction of your
displacement from start to finish.
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The following examples demonstrate that it doesn’t matter what direction is being
represented by the vectors, so long as they maintain the same angles relative to
each other the distance traveled and the magnitude of displacement remain
identical:

Even if you changed the pattern of your walk, the distance and displacement would
remain the same:

When adding vectors there is a very simple rule to follow:

The resultant is independent of the order in which
the vectors are added. Adding vectors A+B+C will
give you the same resultant as adding B+A+C or
C+B+A...
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So long as all three vectors maintain the same
length and direction!
Your knowledge of vectors will continue to expand in the coming chapters on
kinetics and dynamics. For now, let’s put all of the information together that you
have learned so far concerning distance, displacement, and vectors and use it
mathematically. To do this, we need to introduce the concept of a time interval
(the difference between two different times) into our examples.
If we wanted to know how long it took our friendly neighborhood jogger to run a
total of 25m, we can set our imaginary stopwatch to begin at 0 seconds. This is
the initial time and will be represented by the symbol ti. After the jogger
reaches the 25m mark, we stop the stopwatch and record the time as tf for the
final time. The time interval is the difference between these two recordings and
will be symbolized as Δt. The Greek letter delta (Δ) is a common symbol you will
find
throughout
this book and
is used to
represent a
change
between two
quantities.

The time interval for our jogger can be written mathematically in the following
equation:

Δt = tf - ti
In this example, the time it takes the jogger to run from the 0m to the 25 m
mark is tf - ti = 30 seconds – 0 seconds = 30 seconds.
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Similarly, the displacement of the jogger can also be represented mathematically.
If we wanted to determine the displacement between two positions throughout
the motion, the tail of the vector could be placed at any arbitrary point along the
scale. For this example, the 5 m and 25 m positions have been chosen. For our
calculation we would record the initial position (di) at 5 m and the final position
(df) at 25 m.

The difference between these two positions can be written as:

Δd = df - di
The jogger’s displacement in this example would be df - di = 25m – 5m = 20 meters.
It is important to know that you can choose any points on the coordinate system
to calculate both the time interval and displacement – so long as you always place
the tail of the vector at the initial magnitude you wish to record and its tip
(arrow) at the final magnitude.
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So far, you have discovered several different
kinematic models for representing the motion of an
object. Written descriptions of objects in motion,
motion diagrams, particle models, vectors, and
mathematical equations are all important tools in
your arsenal. There are several other models we
will explore in this unit, and several more equations
that you will collect along the way.
It may help you to keep a running list of all these
equations as you journey through our study of
mechanics.
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Match the following vocabulary terms with their
correct definition:
coordinate system, displacement, distance, dynamics, kinematics, magnitude,
mechanics, motion diagram, origin, particle model, position, Pythagorean
Theorem, resultant, scalar, tail, time interval, tip, vector, volume, x-axis,
y-axis

1) _______________ the study of the descriptions of motion
2) _______________ area where perpendicular x- and y-axes intersect
3) _______________ magnitudes that exist without direction
4) _______________ the sum of two vectors
5) _______________ the study of the causes of motion
one of a pair of perpendicular lines which lies on an
6) _______________
imaginary horizontal plane
one of a pair of perpendicular lines which lies on an
7) _______________
imaginary vertical plane
a motion diagram that replaces the multiple images
8) _______________
with dots
beginning point of a vector which identifies the initial
9) _______________
position of an object in motion
the amount of space between an object in motion and
10) _______________
where it began its motion
11) _______________ a positive value that describes the length of a vector
scalar quantity; the amount of space between two
12) _______________ people, places, or things that is measured along the
path that connects them
quantity that identifies both the amount and direction
13) _______________ of a moving object; it is typically drawn in the form of
an arrow
an equation (a2 + b2 = c2) used to calculate the
14) _______________
resultant vector of a right triangle
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a picture that depicts the position of an object moving
in equally-spaced periods of time
16) _______________ the study of motion
the measurable change in position for an object from
17) _______________
its initial starting point to its final destination
18) _______________ the difference between two different times
the end of a vector which contains an arrow and
19) _______________
identifies the direction of the vector’s motion
a measuring system, such as a number line, which
20) _______________ may/may not contain two perpendicular lines also
known as x- and y-axes
21) _______________ the amount of space a substance occupies
15) _______________

Short answers:
1) A car moves 85.0km east then 35.0km west. What is its total displacement?
2) You run continuously for 10 seconds but end up with a zero displacement. How
is this possible?
3) You run from your house to the grocer that is 2 miles away and then walk back
home. What distance did you travel?
4) What was the displacement for the entire trip from the previous question?
You drive your car from points A to B to C and to D each within one hour
intervals, traveling back-and-forth as the diagram suggests.

5) What distance did you travel during the three hours of your trip?
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6) What is your displacement between the first two hours of your trip?
7) What is your displacement in the last hour of your trip?
8) An Olympic runner circles the track four complete times during the 1600m
race. What is his distance? What is his displacement?
9) A student walks north 20m, turns east and walks 5m, turns north and walks
another 10m before turning west and walking 5m. What is her distance? What
is her displacement?
10) A pair of backpackers travel 2 km north, turn toward the west and travel 4km,
turn toward the south and travel 6 km, then finally travel east for 4 km. What
is their distance? What is their displacement?
11) A skating rink is perfectly circular and it has a
radius of 12m. A skater circles the rink on the outer
edges near the wall. When the skater is half way
around the circle what is her distance? If the
skater began the motion facing westward what would
be her displacement? (note: the circumference of a
circle is 2πr)
12) You travel 4.0m at 90˚ relative to due east before turning right and traveling
another 8.0m at 0˚ relative to due east. What is the magnitude of the
resultant vector? (Hint: Use the Pythagorean Theorem)
13) You travel a distance of 5.0 meters in a 45.0˚ angle relative to due east
before turning and traveling 2.5 meters at 135˚ again relative to due east.
What is the magnitude of the resultant vector in this scenario?
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14) Which of the following statements about vectors and scalars are false?
a) A vector is a large quantity and a scalar is a small quantity.
b) A scalar quantity has a magnitude and a vector quantity does not.
c) A vector quantity is described with a direction and a scalar is not.
d) Scalar quantities depend upon the path taken by the object while vector
quantities do not.
15) Draw the vectors for the following displacements including the resultant
vectors and magnitudes for each:
a) 12.0km north and 4.0km east
b) 3.0m south and 10.0m west
c) 8.0km north and 2.0km west
d) 2.0km south and 4.0km east

