APPC Summer Assignment 3
1-D Kinematics
Welcome to the final portion of the summer assignment...

You now have the fundamentals of differential and integral Calculus under your belts, you can
manipulate vectors, and you realize that Physics is all about creating mathematical models that allow us
to describe physical systems. That’s a pretty good start ... We can actually do some Physics now!

Let's get started...

Motion is a relative physical quantity, so the degree of motion experienced by a body is dependent upon
the reference frame in which measurements are being made. An inertial frame of reference is one in
which Newton's laws of Motion hold true...a non-accelerating reference frame, i.e. a place where the
velocity is constant or zero.

Where is the velocity zero? Well ... Never forget that we live on a rotating Earth that is revolving around
a Star that is moving about the black hole at the center of a galaxy that is revolving about the center of
the local galactic supercluster and all of it is expanding at an incredible rate of speed. . .we don't worry
about all these relative motions when we make measurements in the laboratory because all that is in
the room around you is moving at the same rate so, relative to you, it is not moving at all!

To hopefully make this point clearer, think about the following scenario. Look at the page before
you...relative to you the paper is at rest, v =0 m/s, but relative to a frame of reference that includes the
entire planet that paper is moving very fast...

Imagine this:

e You can sip hot coffee while driving in a car because the cup is at rest relative to your mouth
e You can even share it with a passenger in the car.
e But just try to share that cup of joe with a person standing on the side of the road as you zoom
by!
e So, is the cup of coffee at rest or is it in motion?
e The only correct answer is “the state of motion of the cup is dependent upon the frame of
reference in which we perform a measurement"
o Relative to you, the driver, the cup of coffee is at rest, relative to a bystander on the side
of the road the cup of coffee is moving....
o Motion is a relative physical quantity
= just like the rate at which time passes or spatial measurements like distance
=  but that’s all about Einstein’s theory of relativity which we won’t get into now

Let me pause at this point to encourage you to continue putting forth effort to understand these
ideas...the only way to learn Physics is by doing it, immersing yourself in the concepts being presented
and realizing that this is more than just fun. We are beginning to understand the way Nature
behaves...the knowledge-base and the skills you develop in Physics are supported by the actual behavior
of physical systems, we are learning how the world works!



A review (for most of you) / Good reading (for all of you):

Position - location with respect to an established origin, position is described using coordinates systems,
for our purposes Cartesian or polar coordinates

Displacement - change in position in a specified direction displacement is a vector quantity, i.e. to
describe a displacement requires a magnitude and a direction

Velocity - time rate change in position, i.e. how fast you are moving in a specified direction velocity is
also a vector quantity

Acceleration - time rate change in velocity (also a vector quantity) there are three ways to accelerate:
going faster, going slower, and changing direction (since velocity is a vector quantity changing direction,
even if your speed is constant, is an example of accelerated motion)

Newton’s Laws of Motion:
In the absence of an agent to affect change, the motion of a body will remain constant. In other words:
e an object at rest stays at rest an object in motion stays in motion.

This characteristic of moving bodies was first proposed by Galileo during the 16th Century...it really is
quite an extraordinary insight into the behavior of matter. . . because

e if you shove a chair it doesn't keep moving unless you keep pushing it...this is because the floor
interacts in such a way with the chair that it impedes the motion of the chair,

e you may recognize this type of interaction as friction...

e infact, the shove or the push is an interaction, as is gravity or the attraction between oppositely
charged particles like protons and electrons...

e these interactions are called forces.

e Whenever two bodies interact upon one another a force of some identifiable type is involved. If
multiple forces act upon an object we can perform vector addition (since force is a vector
guantity) and determine the resultant force or net force acting on the object.

e [f the resultant force is zero, whatever is happening keeps happening (stays at rest or stays in
motion) but.....

e if the resultant force is nonzero...aaahhh!, then the body experiencing the unbalanced forces
will accelerate! Note the cause and effect relationship....non-zero force causes acceleration.

The above paragraph contains all three of Sir Isaac Newton's Laws of Motion (1. Law of Inertia, 2. F = ma,
3. For every action there is an equal and opposite reaction). During the 17th Century, Newton first
proposed the concept of force...that bodies interacted and when the net interaction upon a particular
body was non-zero, the state of motion of the body would change. Force is a Newtonian idea that
revolutionized our way of interpreting the natural world...not until Albert Einstein's relativity would such
a radical paradigm shift again occur.

The description of a body's motion, without reference to force, is a worthy exercise since motion does
not require force; (change in motion (a.k.a. acceleration) requires force). Kinematics is the description
of motion.



KINEMATICS IN ONE-DIMENSION

The mathematical equations that describe motion in one dimension are quite simple. In fact, | am going
to provide you with three equations that are very useful when an object is experiencing motion
involving uniform or constant acceleration...when you arrive back to school | would like to begin the
course with the development of these equations so that you can appreciate their limited usefulness. . .
We can then jump right into Calculus and applications in which the rate of accelerations is time variant.
But for now.... When analyzing one dimensional, (i.e. linear motion), that occurs at a constant rate of
acceleration, (very common motion when including gravitational freefall) there are five kinematics
variables:

® v, -initial velocity of the body

e v -the velocity of the body after the passage of some non-zero time, t

e a-the acceleration of the body, (for now assume constant acceleration in all applications)
e t-the time during which the motion of the body is being analyzed

e x - the displacement experienced by the body...the final position minus the initial position

The following kinematics equations are only applicable when the acceleration is constant.
The following kinematics equations are only applicable when the acceleration is constant.

Did | happen to mention that the following kinematics equations are only applicable when the
acceleration is constant?

vV=v,+at
v = vy? + 2a Ax
1

Ax = vyt + Eat2

The next page is an example problem ...



Example #1: Jack can run down a hill with a constant acceleration of 2.0 m/s. If he starts from rest and
runs for 10.2 seconds, how far has he traveled at the end of the 10.2 seconds?

Okay first things first...we really don't care how far Jack has run. In fact, Jack doesn't even exist. He is
just a character from an old nursery rhyme, (Jill, the hill, and the breaking of crowns). So, what we are
looking to do here is to develop quality problem solving techniques...

e read the problem statement carefully,

e identify the relevant parameters,

e select the appropriate mathematical model,

e perform mathematical adjustments if necessary, and
e provide a response with appropriate units

Identify relevant parameters: a=2.0 m/s% vo=0m;t=10.2 sec; Ax="7?

Select appropriate mathematical model:

L
Ax = vyt + Eat
Perform mathematical adjustments: all information is given with appropriate units

Provide a response: AX = (1/2)(2)(10.2)2 =104 m

(if you were handwriting this, you would put a box around your answer.)



Example #2: A book is dropped off a table. (Assume the effects of the air are negligible -an appropriate
assumption for this system). The book will fall 80 cm from the table to the floor. How long does it take
for the book to hit the floor and with what velocity does the book hit the floor? (Please note: Galileo was
the first to understand and demonstrate that all objects experiencing gravitational freefall accelerate at
the same rate...9.8 m/s? directed towards the ground so we will assign a negative sign to the
acceleration due to gravity, since it is customary to make “up" the positive direction.)

Identify relevant parameters:a=g=-9.8m/s?; vo=0m; Ax=-80cm;t="?

Select appropriate mathematical model:

1
Ay = vyt + zgtz

Perform mathematical adjustments:

convert 80 cm to meters: 80 cm =0.80 m

. . 24
Rewrite equation to solve fort: t = Ty

Provide a response:

t=04s

For second part:v="

Select appropriate mathematical model:

v? = vy + 2g Ay

(we could have used v = v + at, since we just solved for t. But, when possible, use the information
given in the problem, in case you solved for t incorrectly.)

No adjustments needed.

Provide a response:| V = -3.96 m/s

Here are the problems involving one dimensional kinematics: (For many of you, this is a review)
Chapter 2: Sections 2.1 through 2.8
Questions: 3, 7,10, 14

Quick Quiz: 2.2,2.3,2.5,2.7 (quick quizzes are located throughout the chapter and are intended to guide
the reader...the quick quiz answers are at the end of the chapter after the problems)

Problems: 23, 27, 29, 38, 41, 51



