Chapter 1
Concepts of Motion and Mathematical Background

Topics:

Motion diagrams

Position and time

Velocity

Scientific notation and units

Vectors and motion

Sample question:

As this snowboarder moves in a graceful arc through the air, the
direction of his motion, and the distance between each of his
positions and the next, is constantly changing. What language
should we use to describe this motion?



Reading Quiz

1.

What is the difference between speed and velocity?

A.
B.

C.

Speed is an average quantity while velocity is not.

Velocity contains information about the direction of motio
while speed does not.

Speed is measured in mph, while velocity is measured in
m/s.

The concept of speed applies only to objects that are
neither speeding up nor slowing down, while velocity
applies to every kind of motion.

Speed is used to measure how fast an object is moving i
straight line, while velocity is used for objects moving alo
curved paths.



Reading Quiz

2. The quantity 2.67 x 10° m/s has how many significant figures'
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Reading Quiz

3. If Sam walks 100 m to the right, then 200 m to the left, his nef
displacement vector points

A. to the right.

B. to the left.

C. has zero length.
D

. Cannot tell without more information.



Reading Quiz

4. Velocity vectors point

A.

m o O W

In the same direction as displacement vectors.
In the opposite direction as displacement vectors.
perpendicular to displacement vectors.

In the same direction as acceleration vectors.

Velocity is not represented by a vector.



Four Types of Motion We’'ll Study

Rotational motion



Making a Motion Diagram
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The same amount of time elapses
between each image and the next.




Examples of Motion Diagrams

The ball is in the

.......
.
.

same position in 4
all four frames.




The Particle Model

A simplifying model in which we treat the object as if all its mass
were concentrated at a single point. This model helps us
concentrate on the overall motion of the object.

(a) Motion diagram of a car stopping

(b) Same motion diagram using the
particle model

The same amount of time elapses
between each frame and the next.
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frames were taken.



Position and Time

The position of an object is located along a
coordinate system.

This indicates the symbol, or coordinate, used
to represent positions along the axis. -,

Here, the start 1s a natural o .The units in which x
choice for the origin. /Start leSh\ L ¢ is measured go here.
i T ! T | m X (M)
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If we’re interested in the motion of the car fi

L point, we assign to this point the time 7 = 0
At each time t, the object is at e " e & & & » %es

some particular position. We are
free to choose the origin of time SPUD
(i.e., when t = 0). © o o o' e’e wee

Car starts braking here

If we’re only interested in the braking part of
the motion, we would assign # = 0 s here.



Displacement

The change in the position of an object as it moves
from initial position x; to final position x; is its
displacement Ax = X; — X;.

This 1s Sam’s
displacement Ax.
Start x. x. End

N
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Checking Understanding

Maria is at position x = 23 m. She then undergoes a displacemer
Ax = =50 m. What is her final position?

A. =27/ m

B. -50m
C. 23m
D. 73m



Checking Understanding

Two runners jog along a track. The positions are shown at 1 s
time intervals. Which runner is moving faster?




Checking Understanding

Two runners jog along a track. The times at each position are
shown. Which runner is moving faster?
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C. They are both moving at the same speed.



Speed

distance traveled in a given time interval

speed =

time interval
0s ls 2'S 3s
O ® o ® Car

Os 1s 2s 3s
@ ® o ® Bicycle
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The car moves 40 min 1 s. Its speed is = =40 o
. . . 20m m
The bike moves 20 min 1 s. Its speed is Ts - 20 -



Velocity

displacement  Ax

velocity = — _ —
Y time interval At

Velocity of a moving object

Bike 1 1s moving Bike 2 1s moving
to the right. to the left.
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Theoretical maximum efficiency of a heat engine



Significant figures

Multiplying two numbers:

Three significant figures
N
3.73 X 5.7 = 21
' Answer should have the lower of
es

the two, or two significant figures.

/

Two significant figur

Adding two numbers:

18.54 — Two decimal places
+ 106.6 — One decimal place
=125.1 ¢ Answer should have the lower of

the two, or one decimal place.




Scientific Notation

To convert a number into scientific notation:

© For a number greater than 10, move the decimal point to the left u
only one digit remains to the left of the decimal point. The remain:
number is then multiplied by 10 to a power; this power is given by
number of spaces the decimal point was moved. Here we convert

diameter of the earth to scientific notation:

We move the decimal point until there is only Since we moved the decimal pol
one digit to its left, counting the number of steps. 6 steps the power of ten is 6.
.. 6370000 m = 6.37 X 105m
Rt A VL VLV VLILY) ,—/

... The number of digits here equals
the number of significant figures.



Scientific Notation (continued)

© For a number less than 1, move the decimal point to the right unti
passes the first digit that isn’t a zero. The remaining number is then m
tiplied by 10 to a negative power; the power is given by the number
spaces the decimal point was moved. For the diameter of a red blood ¢

we have
We move the decimal point until it passes the first Since we moved the decimal
digit that 1s not a zero, counting the number of steps. 6 stcps the power of ten is —¢
~..0.000007 5m = 7.5 X 10 *m
") AU AU ~~

The number of digits here equals
the number of significant figures.



Unit Conversions

© Start with the ) Multiply by the appropriate conversion factor. Because © Remember to convert you
quantity you wish this conversion factor is equal to one, multiplying by it does answer to the correct number
to convert. not change the value of the quantity—only its units. ..signiﬁcant figures!
........ . ey et
60 mi = 60 pad X 16091 _ 96 54 ky = 97
. 1 mi F,
: A "
© You can cancel the original unit .- @ Calculate the answers; it is in the desired units.
(here, miles) because it appears in both Remember, 60 mi and 96.54 km are the same

the numerator and the denominator. distance; they are simply in different units.



Vectors and Motion

A quantity that requires both a magnitude (or size) and a directio
can be represented by a vector. Graphically, we represent a vecit
by an arrow.

This boy pushes on his friend with a force of 25 N to the right.



Displacement Vectors

A displacement vector starts at
an object’s initial position and
ends at its final position. It
doesn’t matter what the object
did in between these two
positions.

In motion diagrams, the
displacement vectors span
successive particle positions.




Exercise

Alice Is sliding along a smooth, icy road on her sled when she
suddenly runs headfirst into a large, very soft snowbank that
gradually brings her to a halt. Draw a motion diagram for Alice.
Show and label all displacement vectors.

r~ | ” Stop
p Hits snowbank

This 1s motion at .
constant speed because
the displacement vectors
are a constant length.

The displacement vectors are
getting shorter, so she’s
slowing down.



Adding Displacement Vectors

Sam end

12th Street

/ —>
Sam start d1




Example: Adding Displacement Vectors

Jenny runs 1 mi to the northeast, then 1 mi south. Graphically
find her net displacement.



Adding Vectors Graphically

To add B to A: @ Draw A.
/ B @ Place the tail of
B at the tip of A.

© Draw an arrow from
the tail of A to the
tip of B. ThlS 1S
vector A + B.




Velocity Vectors

The displacement vectors are lengthening.
This means the car 1s speeding up.
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The longer 'Velocity vectors also
indicate that the car 1s speeding up.



Example: Velocity Vectors

Jake throws a ball at a 60° angle, measured from the
horizontal. The ball is caught by Jim. Draw a motion diagram

of the ball with velocity vectors.

N

Jake ® Jim

=



