How fast am I moving?



CHAPTER 1 2

Motion

12.1 DISTANCE AND DIRECTION
12.2 SPEED AND VELOCITY
12.3  ACCELERATION

- H2H Distance and Direction

Lesson Objectives

* Define motion, and relate it to frame of reference.
* Describe how to measure distance.
« Explain how to represent direction.

Lesson Vocabulary

« distance

* [rame ol reference
* molion

* vector



Frame of Reference

When a bus passes
someone standing on the
sidewalk, it momeéntarily
: - ! . Dblocks the person’s view
el . : of objects across the

: ' streef. This helps the
outside observer detect
the bus's motion.

If the ride is smaqoth
enough, these children
may nof even realize that
the bus is moving unless
they look out thé
windows.




Distance

Did you ever go to a track meet like the one pictured in Figure 12.3?7 Running events in track include 100-meter
sprints and 2000-meter races. Races are named for their distance. Distance is the length of the route between two
points. The length of the route in a race is the distance between the starting and finishing lines. In a 100-meter sprint,

for example, the distance is 100 meters.
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Distance is an example of a scalar quantity. In
formulas it is represented as d.

Displacement is an example of a vector quantity.
In formulas itis representedas d . -

A scalar only has magnitude or size. Examples
include mass, time, distance, and speed.

A vector has both magnitude (size) and a
direction. It is represented by an arrow. The
arrow tip shows the direction and size of the
arrow the magnitude. Examples include
displacement, velocity, acceleration, force,
electric and magnetic fields.
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Example Problems

1. A person walks 25 m [E], then turns around
and walks 75 m [W].

a) Calculate the total distance traveled.

0(: Ao m ¥ 79m=[100m

W_ < Y+E

b) Calculate the resulting displacement.
~

A= +a¢ ~19m = *:Om LEest )
v o 2 Twest)

2. A catruns 12 m[N], 8 m [S], 22 m [N], and

finally 15 m [S]. /‘\_l}_’

a) Calculate the total distance traveled.

C‘l: 1Qmt Sm + ddm + 15w EI-
\ = 5-7m‘\

b) Calculate the resulting displacement.
S

d:-HQm ~Gm A ~19m
= [l Noeth




Communicating Vectors

reference point




Communicating Vectors
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3. Some dude drives 52 km [N], 33 km [E],
49 km [S], 29 km [W].

a) Calculate the total distance traveled.

OL:§$(+35+ Y9+ 29 =|163kn [

b) Calculate the resulting Eastward |
displacement.

E’B\ — '5’“« [E& X &‘ikmiﬂ
S: B'BkmiE] -9 Y'EX = LU{'M ‘_EX

—_—

c) Calculate the resulting Northward
displacement.

JNM\\\“ S5A /CV\YNX v 49 k”‘/‘iq
= 52 km (N) — Y49 KnINY = % iy | N

d) How far from his starting position did this
dude end up? \
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122 Speed and Velocity

Lesson Objectives

+ Outline how to calculate the speed of a moving object.
» Explain how velocity differs from speed.

Speed

Speed is an important aspect of motion. It is a measure of how fast or slow something moves. It depends on how far
something travels and how long it takes to travel that far. Speed can be calculated using this general formula:

distance
SpPeedang = e

Instantaneous vs. Average Speed

When you travel by car, you usually don’t move at a constant speed. Instead you go faster or slower depending on
speed limits, traffic, traffic lights, and many other factors. For example, you might travel 65 miles per hour on a
highway but only 20 miles per hour on a city street (see Figure 12.7). You might come to a complete stop at traffic
lights, slow down as you turn corners, and speed up to pass other cars. The speed of a moving car or other object at
a given instant is called its instantaneous speed. It may vary from moment to moment, so it is hard to calculate.

It’s easier to calculate the average speed of a moving object than the instantaneous speed. The average speed is the
total distance traveled divided by the total time it took to travel that distance. To calculate the average speed, you
can use the general formula for speed that was given above. Suppose, for example, that you took a 75-mile car trip
with your family. Your instantaneous speed would vary throughout the trip. If the trip took a total of 1.5 hours, your
average speed for the trip would be:

Velocity

Speed tells you only how fast an object is moving. It doesn’t tell you the direction the object is moving. The
measure of both speed and direction is called velocity. Velocity is a vector that can be represented by an arrow. The
length of the arrow represents speed, and the way the arrow points represents direction. The three arrows in Figure
12.9 represent the velocities of three different objects. Vectors A and B are the same length but point in different
directions. They represent objects moving at the same speed but in different directions. Vector C is shorter than
vector A or B but points in the same direction as vector A. It represents an object moving at a slower speed than A
or B but in the same direction as A. If you're still not sure of the difference between speed and velocity, watch the
cartoon at this URL: http://www.youtube.com/watch?v=mDcacO0OWxBl&feature=related (2:10).

displacement
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The Moving Man
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Analyzing Position - Time Graphs

Position (km)

7 8 9 10 11 12 13
Time of day

Positive Direction = East Neg. Direction = West
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