1 Chapter Objectives
» Solve motion problems in two
dimensiens.

= Solve projection problems.

=« Analyze projectile motion with and
without air resistance. (Labs 48 and 48)
Chapler Overview
Chapter 4 is a foundational chapter
that combines students' knowledge of
one-dimensional kinematics and vectors
and relates it to two-dimensional applica-
tigns. The chapter continues building the
foundational concepts and skills essential
to success with later chapters. Students
should practice until they can quickly and
easily resolve kinematic vector quantities.
They will use this skill inlater chapters to
salve mechanics problems.

Alrdrop

The chapier apaner photo shows equip-
mient belng alrdropped from a US Air
Force C-17 Globemaster i, The combi-
nation of horizontal and vertical motion
results in two-cdimenstonal mation, The
alrerew must conceptually understand
the phiysics behind projectile motion as
well as how the air drag of the parachute
will affect the cargo's motion. Delivery
of the cargo could be the diffcrence
between life and death for these on the
ground

SECTION 4.1 OVERWEW

How does a pilot correct for
the wind?

OBJECTIVES
1 4.1.1 Describe two-dimensional positions
and motion using vectors.
14.1.2 Solve kinematic problems in two
dimensions using vectors.
PRIMTED RESOURCES
Careers; Serving os a Humanilarian
Engineer
Section 4.1 Review
Section 4.1 Quiz

DIGITAL RESOURCES
Wb Link: Engineers Without Borders

OVERVIEW
Section 4.1 brings together what students
learned in Chapter 2 (kinematics) with
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what they learned In Chapter 3 (vectors)
tointroduce two-dimensicnal motion.
Students should recognize that the equa-
tigns of motion weork in any direction. We
will often solve problems by analyzing the
motion in each direction (x, ¥) and then
using vector mathematics to combine the
component vectors into a final answer.

ENGAGE

Two-Dimensional Motion
Use the Chapter Opener photo as a visual
analysis to get students thinking two-
dimensionally,
Identify different vectors in the phato.
Stedents should Identify displacements,
vilocities, and accelerations. There are aiso
forces (e.q., gravity, tension, and air drag).

In which direction do you think the
different objects’ velocity vectors are
pointing? aircralt: in its direction of fight;
crate: in the direction of the aircraft and
dowrrward

If a crate were falling straight down
when its parachute deployed, what
would be the directions of its velocity
and acceleration vectars? Would it be
speading up or slowing down? Irs velecity
vector would be pointing straight down,
and its aceeleration vould be pointing
straight up. It would be slowing down,

If the parachute on one of the crates
failed to open, what shape path do

you think the crate would fallow to the
ground? It would fellow an essentlally para-
bole path, (An arc would be an acceplable
angwer)
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The second question leads students to infor-
mation that they will learn in this chapter.

INSTRUCT

Two-Dimensional Displacement

Use the two images on the reduced student

page as part of your direct instruction to

demonstrate that a net displacement for

an object moving between three or more

positions can be determined by finding the

change in position or by summing the serles

of displacement vectors. Mathematically,
Ax =, - % = ElAx].

This can be shown with the two images.
Ar= f,-r,= ¥ary= Ar, rﬁrr

AR=R,- R, =X[AR) = AR, + AR,

Point out that since these two images depict
the same motion, Ar = AR even though the
images use different frames of reference.

Motion and Reference Frames

Two physics students are watching a
ladybug on their desk. Each student
sebects his frame of reference, and each
records the position of the bug at 10:00,

10215, andd 10:30,
studlent
one
: i-z
1% 1
e S IS
studentt 1
twa

The first student records the positions
P, =<=50200cm, p, = <1.0,4.0> cm,
P, = <=1.0, =4.0>cm and the other
student, P, = <00, 6,00 cm, P, =
<6.0,8.0> cm, P, = <40, 0.0 ¢m,

Find the net displacement according to
each frame of ieferance by finding the
change In position,

Student 1
Ap=p-p=p,—P=p+=p)

P, = <=3.0. 2.0 cm and
-p,=<50,-20>cm

p,=<=1.0, 4.0 cm

Ap = <=1.0,~4.0> cm + <5.0, 2.0 cm
= A0, =6.0> cm

Student 2

AP=P,=P=P,-P =P +(-P)

P, = <0.0, 6.0 cmand
=P, = <00, =60> cm

P, = =4.0,0.0= cm
AP = <a0, 00> cm + <0.0, =6.0> cm
=<4.0,-6.0> cm

Mow find the displacements betwéen
Position 1 and 2 and between Positions
2 and 3. Then find the displacement by
adding the two displacements.

Student 1
Ap,=p,-p,=p,+(-p))

p,=<=5.0 20> cm and
-p, =<50, <20 cm

p,=<10.40>cm
@'P; =<0 A0 om o+ <50, =20>cm
=<6.0, 205 em

(eontinted)

DIFFERENTIATED INSTRUCTION

Mation according to Different
Frames of Reference

The final point of the Two-Dimensional
Displacement teacher note is often
doubted by students. If you have stu-
dents who struggle with that conclu-
sion from the images, mathematically
prove this point with the example in the
background teacher note that begins
on the left.

AMotion in Two Dimensions
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Approach with Standard Axes

Many people would approach the problem
using standard axes with the x-direction
oriented with the east-wes! direction and the
y-direction orlented with the north-south
direction, We would need to find the compo-
nents of both vectors and then determing
the magnitude and direction of the resultant,
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Approach with Adjusted Axes

Acceleration in Two Dimensions
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Howewer, we should abways determine
whether there is 3 way to reduce the number
of vectors that we must resolve into compo-
nents. In this example we should align one of
the axes {let’s choose the -axish with the

plane’s direction so that we don't have to
resolve the airplane vector inte compenents:
all the airplane motion s in the x-direction,
This approach is especially helpful for this
example because, by aligning the x-axis with
the alrplane vector, the wind vector is all in
the y-direction, All we have left to do is
determine the magnitude and direction of
the resultant.
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Velocities in 2D

Use Example 4-2 a5 a peer teaching activ-
ity to practice using vectors in a real-world
velacity calculation. Write the problem on
the board and have students work in pairs to
solve it. It is a straightforward vector addition
problem, but it will help them uaderstand
the vector addition of realaworkd quantities.

Orientation of Axes

Uze the following example to demonstrate
the freedom we have in orienting our axes
and the potential advantage of taking the
time to think about how we arrange the axes.

Example: A pilot is flying his plane at 492 kph
on 3 120° heading. A 131 kph wind blows
directly from his left. pushing him to the right
The end of the example problem demon- ata heading of 210%

strates how pilots counteract the effect X
of wind to fly a particular path aleng the
ground. Pilots call this “killing the drift” It is
very Important when pilots are trying to land
in winds blewing acress a runway,

\ 492 kmshi

W =131 kmihe

A fairly common approach is to align the
x-ais with the initial direction of motion of
the object.
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Accelerations That Cause

a Change of Direction

Examnple 4-3 is a great opportunity to model
problem solving, The example provides
students an opportunity to practice using
vectors in a real-world velocity calculation:
the change in velocity as a car travels a curve
ata constant velocity.

Make sure that you point out the use of
paositive and negative signs on the vector
components. While positive and negative
signs are sufficient to indicate the direction of
ane-dimensional motion, vector angles must
be used 1o indicate the directions of two-
dimensional displacements, velocities, and
accelerations. However, signs do indicate the
directions of the components of two-
dimensional motion Because the components
are one-dimensional vectors,

Essential Question Answer: Apifot cor-
rects for the wind by doing a two-dimensional
viector analysis to adjust the aircrafts velocity
vectos to-account for the effect that the wind
wvector has on his aircralt, If he does it correctly,
his path along the ground will be as he has
planred.
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4.1 SECTION REVIEW
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APPLY

Humanitarian Engineer

Use the career box as part of a discussion to
demanstrate how engineers may be in full-
time ministry. A humanitarian engineer uses
his engineering skills to complete projects
that directly help those in need. Consider
visiting the website for Engineers Without
Borders. Go to BJU Press Online Resources,
select Chapter 4 Web Links, and click an Engi-
neers Without Borders.

ASSESS

Section 4.1 Review

Assign the section review as a formative
assessment 1o help students solidify their
understanding of Section 1,

Section 4.1 Quiz

Use the Section 1.1 Quiz as a formative or
summative assessment to check students’
understanding of Section 1.

Section 4.1 Review

* An asterisk before a question indicates that
a worked-out solution can be found on pages
105a-105b.

1.

a position vector {p. 87)

2. Displacement is calculated by finding

the vector differance of two position
wvectors: Ar =r, - r. Students may alse
mention the sum of a series of displace-
ment vectors., (pp. 87-88)

3. The direction of ais the same as the di-

rection of the velocity difference vector
or change in velogity vectan Av =v = v,
(pp. 89-90)

*4. AR = 2.54 km at 20.1° south of east.

{pp £8-90)

*5. a = 36m/s at 153.6° back and to the left

fram the quarterback’s ariginal direction
{pp-28-90)

6. *a. speed = B00m/s

™

b. f\f|=&m ms

v, =500 m's east

*d. &= —0.540 my's’ (all pp. 88-90)
Angswers will vary. Such challenges
might include limits on the kinds and
amaunts of materials that could be
used for a project, limits on the kinds of
equipment available to bulld a project,
and the need to build a project that
can be operated and maintained by
unskilled and possibly undereducated
people groups,

8. Answers will vary. Humanitarian

engineers fulfill the Creation Mandate
by helping others. They demonstrate
lowe for God and others by meeting the
needs of people in the most difficult
times. Such actions glorify God. Thisisa
great example of full-time minkstry.
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SECTION 4.2 OVERVIEW

At what angle should a batlter
hit a baseball to get the most
distance?

OBJECTIVES

1 4.2.1 Describe horizontal projections and
the kinematic assumptions they
invahve,

4,2.2 Solve projectile motion problems.

1 4.2.3 Evaluate the effectiveness of

humanitarian airdrops.

BIBLICAL WORLDVIEW SHAPING
Ethics (evaluate): The effectiveness of
humanitarian aid must be considered in
light of risks posed by how and where the
aid is delivered, (4.2.3)

PRINTED RESQURCES
Mind Lab: Catapulting to Fame
Case Study: Shot Put Release Angles
Section 4.2 Review
Ethics: Humanitardan Airdrops (p. 105}
Section 4.2 Quiz

DIGITAL RESOURCES
Video: Profectile Molion

Web Link: Animation of Profectile Motion

MATERIALS
tennis ball

rallerblades

COVERVIEW

Section 4.2 intreduces the important
tapic of prejectile motion. While students
understand projectile motion intuitively,
the mathematics of projectile motion can
be challenging for many. Emphasis is on
the cancept that the horizoental and verti-
cal motions can be analyred separately.

ENGAGE

Students Already Understand
Projectile Motion

Use the following demonstration to show
students that they already have a conceptual
understanding of projectile motion,

Ask for a student volunteer 1o play catch with
you. Have her stand in the front of the reom
to one side of the room while you position
yourself approcdimately 15 feet avay, Tell her
that you want her to toss the ball from about
eye level so that it s moving horizontally

92 Chapter 4
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when she releases it (more like she is pushing
it to you). Before she tosses it, have her show
the height that she will throw the ball from
and tell the class that vou will position your
hand at the same height to catch the ball,
Some students may protest that it won't
work. Have your volunteer toss the ball
anyway. The ball will miss your hard to the
levwe side.

Whiy did | miss the ball? The ball follawed
a curved path and | didi't account for the
ball's vertical motion.

What would | need to do to cormect my
error and be able to catch the ball? |
would need to position my hand below
the refease point to account for the balfs
e tical motion,
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Have your volunteer toss the ball again with
ahorizontal release to demonstrate how you
can account for the vertical motion.

How could our volunteer correct for
my error when she throws the ball? She
could theow the ball with an upweard angle
so that the ball would rise and then “fali”
frte my hand.

Have your volunteer toss the ball again but
with an upwand angle to try to get the ballin
yaur hand,

Finish up by tossing the ball back and forth
uskng the terms prefectile, trajectory, and
profectile motion, Explain that we constantly
analyze projectile motion when we play
catch. As children play catch, they uncon-
schously develop a conceptual understanding
of projectile motion,
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Identify some people who you think
would be experts at conceptually
understanding and analyzing projectile
maotion? Answers will vary. Students may
suggest, for example, quarterbacks, bave-
ball pitchers, or basketball players.

When you are discussing horizontal projec-
tions, you ¢an point out the first atternpted
tass and catch. When you discuss projections
at an angle, you can have the students recall
the subsequent tasses and catches.

INSTRUCT

Directional Independence

Use the image on this page for a visual
analysis to help students understand that
the motion in the y-direction (free fall)

.

is Independent of the horizontal motion
{constant velocity). The two motions are
connected by the time interval, which is the
same far the motion in each direction.

‘What do you notice about the motion of
the two balls? Answers will vary. Studenrs
should recognize that ene ball Is moving

in just the verlical direction and the other

s maving both vertically and hosrontally.
Others may identify the types of motion,
Others ray pick vp on the fact that the
displacerents in the vertical are the same
for both balls,

‘What type of motion is the red ball
undergoing? free fall

What type of motion Is the yellow ball
undergoing? projectile mation; more spe-
cifically, @ herizontal projection

What do you notice about the vertical
position of the Sth ball, 10th ball, 15th
ball, and 20th ball for each type of mo-
tien? They are the same,

15 the vertical motion dependent on the
harizontal mation or independent of it?
independent

More on Directional
Independence

Use the video below to solidify students’
understanding of the independence of the
y-direction (free fall} and x-direction motion
(constant velocity). Go to BIU Press Online
Resources, select Chapter 4 Wideos, and click
on Projectile Mation.

CIFFEREMTIATED INSTRUCTION

ndence
ch Direction’s Motion
For students who still struggle with the
concept that motion in two directions
is independent, use the web link below
for an animation that will track the
vertical moticn within two-dimensional
projectile motion. The animation allows
you to alter the launch angle, speed,
and height. Go to BJU Press Online Re-
sources, select Chapter 4 Web Links, and
click on Animation of Projectile Motion,
This source also provides many other
physics animations to enhance your
teaching of projectile motion.

Motion in Two Dimensions

23



Solving a Horizontal Projection
Use Example 4-4 to model splitting projectile
motion problems inta two dimensions to
make solving these problems easier. Empha-
size that the time variable is the same in the
mtion for both directions.

More Equations?

Make sure that students understand that
the equations of motion on pages 93 and
84 are not new equations of motions,
They are the equations of mation from
Chapter 2 that have been modified spe-
cifically for problems involving projectile
motion.
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