Physics A Unit 2 39.to 75 Linear Motion

You will study the motion of objects stuck on aglim this unit. The objects can move forward
and backwards but cannot get off the line, heneathective “linear”. The first part of the unit
will consider objects that move at constant speluk latter half of the unit will begin to
consider objects that move with constantly changpeed such as objects in free-fall. It is the
second half of this unit that is emphasized in meoiiege courses. Before taking your second
physics test you should be prepared to work probland answer questions from the following
outline.

) Constant Speed Motion
A. Analytical
1. Distance & Speed
2. Displacement & Velocity
B. Graphical
1. Reading Position vs. Time Graphs
2. Reading Velocity vs. Time Graphs
3. Constructing Position vs. Time Graphs
C. Relative Velocity
1. Algebraic Definition
2. Graphical Analysis

1) Constant Acceleration along a Straight Line

A. Defined
1. Verbally (both types)
2. Algebraically
3. Graphically
B. Numerical Analysis
C. Algebraic Analysigkinematics equations)

D. Graphical Analysis

This unit will take 8 standard class periods froegibning to testing. Day 1 will cover LA, B.1-
2. Day 2will explore 1.B.3& I.C. Day 3 will consider thideas of IILA&B. Day 4 will be a
reading exercise over 1.C and day 5 will be trgehtaic use of the kinematics equations. Day 6
will demonstrate the functional graphing abilitytbé TI83 calculator in analyzing linear

motion. Day 7 will be practice and review in sn@bups. Day 8 is test day.

Day 2is an optional lesson for some schools. It magrbéted and still leave students
adequately prepared for college physics.



L esson 1-07 Constant Speed (Part )

Consider a bug that can walk back and forth altiegctaxis. Think about a car that can move
along a long section of interstate with no entramcexit ramps. Both of these are examples of
an object that will exhibit linear motion becaukeyt are confined to move along a single line.
In this lesson you will study the easiest motiorohject can have, moving at constant speed.
Distance, rate and time

All students should have been exposed to “disteqoals rate times time” by now. The
equation that goes along with that is supposec tedmething like “d=rt". In physics we would
frown upon such a statement and also shudder &igiration. The statement is poor from a
physics point of view because there are many differates. Which one of those rates does the
statement really mention? And the variable “rpimysics usually means radius. We would
prefer the statement, “Distance equals speed tiimes” Now everyone knows exactly what
rate we are wish to discuss. As mentioned in tBgipus unit, speed is the scalar part of
velocity or in other words, velocity is speed amection. So the true word for the rate
is velocity rather than speed. This is why, ingby, the _
working equation uses the letter “v” for the rakéis for d=vt
velocity or for speed depending upon how you usestijuation. We will return to the versatility
of the equation after a few definitions. The mogical idea to know at this point is that the
above equation is always used for an object moairgpnstant speed.
Distance and Displacement
The “d” in the above equation can stand for eittistance or displacement. But there is a sharp
contrast in the two words. Displacement is a vegteasurement of how an object changes
position. Displacement is complicated by the nieeidclude a direction. Distance is more
literal in exactly how far an object travels. A calometer measures distance rather than
displacement. We finish the definitions with selexamples.

Suppose you stand on the ground and toss a katilst up into the air. The ball leaves
your hand, rises 3 meters upward before momentstolyping and then falls back into your
hand. The distance traveled by the ball is 6 rset&he displacement of the ball is zero because
it is at the same place that it started. Suppuaeybu stand on the top-edge of a building that is
10 m high. The previous toss is repeated but emvlty down the ball misses your hand and the
edge of the building. Upon striking the ground ltiladl has traveled a distance of 16 meters. The
displacement is 10 meters down. You can get dispt@nt from distance by doing the
following simple trick. In this course we will makup and right positive directions for
displacement; down and left will be negative dii@ts for displacement. For the second toss the
distance was found using
3+3+10. The displacement for the second toss masdfusing +3 + -3 + -10 = -10. We see that
mathematically speaking, the displacement of thiecbald also be stated as
-10 m instead of 10 m down.

Checkpoint Problem

A car leaves home and drives at 60 mph east feethours. The car stops for one hour and then
drives west at 80 mph for one hour. What distdrasethe car traveled from home? What is the
displacement for the car from home?




Checkpoint Solution: The car moved 180 miles plus 0 miles plus 80 srfite a total of 260
miles. The distance is 260 miles. The displacensefl80 mi + -80 miles or +100 miles. The
displacement could also be stated as 100 mildsetedst of home.

Average Speed & Average Velocity

As previously stated, “Speed is the scalar pavetdcity.” We will define average speed as
distance divide by time. Average velocity is d&mment divided by time. With these two
definitions you can use the equation from the paste in two different ways. If the “d” is going
to represent distance then the “v” will really stdor speed. If the “d” is going to stand for
displacement then the “v” will represent velocity.

The checkpoint problem at the bottom of the presipage can be used to demonstrate
the difference in speed and velocity. The toiplwas 5 hours. Dividing distance by time leads
to an average speed of 260 miles/5 hours or 5Zmée hour. To get the average velocity one
merely divides displacement by time. Average vigyas (100 miles east) / 5 hours or 20 miles
per hour east. In this calculation there weredltiiéferent mathematical operations. The first
step was to “do the math” of 100/5 to get the vati20. The second step was to apply the math
to the units. The third step was to carry thedliom forward to the final answer.

The first problem on your next test will most Iik&e given a problem similar to the
checkpoint problem. You should be able to deteendiistance, displacement, average speed and
average velocity.
Position vs. Time Graphs FO=
The motion of the car from the checkpoint probl| 1Baf
is shown in a graph to the right. The horizontal| 4zp-
axis shows time in hours. The vertical axis sho
position in miles. The grid has been turned on | BOf
under [2"]. [ZOOM] in order to facilitate reading —
the graph. The initial starting point is assuned iz 4 BT
be at the origin of the coordinate system. Theee=
numerous ideas that could be pointed out at tms.tiln today’s lesson we focus upon the most
critical. Notice that during the interval when e is moving in the east or positive direction
the graph has a positive slope. While the cat iest the slope is zero. When the car starts
moving to the west or in the negative directiongh&ph has a negative slope. Is it coincidence
that slope is positive when velocity is positivis?it coincidence that slope is zero when velocity
is zero and slope is negative when velocity is iega No!

* Thevalueof the slope of a position vs. time graph at any instant isthe velocity of the
object in motion at that instant.

» If theslopeof aposition vs. timegraph is constant then the velocity is constant; if slope
iscurved then an object is changing velocity.

In the above graph the slope is constant from 8hrs 3hrs. The slope of that interval is

rise/run =Ay/Ax = ApositionAtime = +180 miles / 3 hrs = +60mph. Notice thas@rence the

rise and run of a graph must have the units of/taris divided by the x-axis.

Checkpoint Question #1
In the left-hand figure at the top of the next page shown three position vs. time graphs.
Which graph shows an object moving to the left? idNlgraph shows an object at rest?
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Checkpoint Question #2
In the figure shown above and to the right are shthiwee position vs. time graphs. Which

graph shows an object moving with constant spaa#iitch graph shows an object in motion

with increasing speed?

For the left-hand graph object A is moving to tigt, object B is at rest and object C is
moving to the left. All three objects in the I&f&nd graph show constant speed (0 m/s is a
perfectly good constant) since they have constapes

For the right-hand graph, object A shows incregsipeed because it has increasing
slope. Object B has constant speed to the riglest has constant, positive slope. Object C
shows a motion that is initially moving to the ridgiecause the slope starts out positive. At some
point the slope goes to zero indicating that object at rest. From the beginning to this point
object C has decreasing speed. From the top phdtaforward, object C shows increasing
speed but in the opposite (to the left) direction.

Velocity vs. Time Graphs

If given a position vs. time graph you should noavable to find the velocity at a given
instant in time. Suppose you are given a velogtytime graph. Can you find position from
that graph? The answer is “not exactly”.
Review the initial checkpoint problem for the ueLl
car that travels at 60 mph for 0 <t < 3hrs and 1
is at rest for 3hrs <t < 4hrs and is moving at [
80 mph to the west for 4hrs <t < 5hrs. The
velocities are shown in the figure to the right. S . |
You can find the displacements for each of the I
intervals by inspection of the graphs.

The displacement for an interval isrepresented
by the area between the graph and the time axis.
The 60 mph line forms a rectangle with the timesaxihe rectangle has height = 60mph and
width equal to 3 hrs. Since area of a rectangheight x width the resulting area is +60
milestreur 13 -hrs= +180 miles. A second rectangle is formed fertime from t= 4hrs to 5hrs.
This rectangle has a height of -80mph and a wiflthlo. The area of the rectangle is again
height x width or -80 milestheultheur=-80 miles. You can only find position by adding
displacements to the initial position.



The position vs. time graphs shown below have timaeked in hours and position in kilometers.
The questions for each graph are written abovetaeh. If a line appears to split the tick marks
on the side of the graph you must assume thatittise midpoint between the marks. The initial

position of the first graph is 20 km for example.

1. The velocity of objectatt = 2hrsis
kph.
2. The speed of objectatt=3.5hrsis
kph.
3. The velocity of object at 4.75 hours is
____kph.
4. At what time did object slow down?
5. At what time did object gain speed?
FO%}
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6. Initial position of objectis __ km.
7. Velocity of car att = 2hrsis ___ kph.
8. Position of car att =2.5hrsis ___km.
9. Average velocity of car for first 5 hours
is__ kph.
FO=
1zaf
anf
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The velocity vs. time graphs shown below
have time marked in seconds and velocity
marked in meters/sec.

The object shown in the graph below starts
at x = +5m at t = 0 seconds.

10.The distance traveled during the first two
secondsis ____ m.

11.The displacement fromt=2stot=5sis
_m.

12.The final position of the objectatt=6s
isx=__m.
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The object shown in the graph below starts
at a positionofx=-6 matt=0s.

13.The initial velocity of the objectis
m/s.
14.The object crosses through the origin at t

= seconds.
15.The position of the objectatt =4 sis x =
_m.
16. The displacement traveled during the
time fromt=4stot=5sis__ m.
17.Final positionatt=6sisx=__ m.
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Answers to Homework

1. 40 kph to the right
2. 0 kph; at rest
3. 60 kph to left

4. Att= 3 hrs object changed from a speed
of 40 kph to 0 kph.

5. Att =4 hrs object went from rest to
moving backwards at 60 kph.

6. 150 km to the right of the origin

7. 37.5 kph to the left

8. 56.25 km to the right of origin
9. 27 kph to the left

10.8 m

11.9 m to the left

12.5m + 8m + -9m + 1m = 5m or the
original position.

13.5 m/s to the right
14.1.2 seconds
15.9m to right of origin
16.4m to the left

17.1m to the right of origin



L esson 1-08 Constant Speed (Part I1)

In the last lesson you learned thd&Ut” can be used for the constant speed motion whed t
is for displacement and tiveis for velocity. There is a second form of thesne equation that
appears to be something totally different. Dispraent has been defined as distance with
direction. But there is another way to . _
define displacement. Displacement is a chang¢ Dlsplacgment :A.X ~ %X
position. For an object moving along the x-axes Change is alwayBnal - initial
change in position or displacement is shown in trre

above box. In today’s lesson we will use this m@finition of displacement to modify our
working equation. Then we will take advantagehef graphing calculator to visually
demonstrate some problems.

The table to the right shows some initial andlfp@sitions for objects moving along the
x-axis and the resulting displacement. X X

. . o] f AX
Pause for a moment of inspection to be sure t
you understand how each displacement was | t2-4m | +3.6m | +1.2m
determined from the initial and final coordinate| +3.0m | +1.2m | -1.8m
After you have mastered this we can move on| -1.0nr | +1.0m | +2.0n
modification of the equation.

Now the “d” in “d=vt” can be rewritten in terms of changes in positidine initial
position can be moved to the opposite side of thmton making it a positive term. The final
result is an equation that does not give how fariarwhat direction an object is moved. Instead
the new form of the
equation gives the final position in terms of Xf = Vt + X
time, velocity and initial position. The result
is shown in the box to the right. When readinggits/ problems there is a very sure sign that
you should use this form ofi=vt” instead of the more general form. When a pnobstarts
listing where an object starts or where it stosaad of how far it moves. Those “where it
starts” issues are dealing with the explicit infatran of initial position.

Example Problem #1

At noon a car on the interstate is at mile markenber 200. The car begins driving east at
70mph. What is the position equation for this c&lvhere is the car at 3 pm? How would the
equation and answer change if the car was driviest mstead of east?

a)X; = (+70mph)t + 200mi by = +70mpk3hrg + 200mi = 410 miles c) Driving west would
be represented as a negative velocity y&:a= (-70mph)t + 200mi and the final answer would
be that the car is at -10 miles. There are no thiogs as negative mile markers on the
interstate. What you could conclude however i tiiia car is now 10 miles across the state line
into the neighboring state. Note that mile marlagnsnt up when traveling in the positive
directions of east and north. Mile markers cowowid when moving in the negative direction of
south and west. | would love to know who made dhatice and why?

If this is as far as you could go with position e instead of displacement vs. time |
would tell you that it is not worth the trouble.olY could stick to “d=vt” and then add the
displacement to the initial coordinate so why bothigh the above extra details? It so happens
that the above boxed equation is very similar eogfuation of a straight line, y = mx +b. If you
let the slope of the straight line represent tHearty of an object and the original position




represent the y-intercept then some very niftyghioan be done with a graphing calculator.
This is the only reason for not skipping today'ssien.
Graphing Motion on the TI 83 Calculator

Mode: Be sure that you have the choices
shown below. It is critical that you are in
functional (Func) where you will graphy =

f(x).
S-1 Eng
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The button to the right of the [ALPHA] key
will represent one of four variables
depending upon your choice in mode. The
button is X, T,8, n depending upon your
choice of Funttional, Paametric, Padr or
Seqiential. Since you are using the
functional mode the button is the [X] button.

You will graph Y =VX + X,. The
colored variables should have different
values substituted into the equation. The
calculator will think that it is graph Y when
the final position will be plotted on the y-
axis. The calculator will think that it is
graphing X when we will be using the x-axis
for time.

Example Problem

A car starts at mile marker 180 at noon. The
car moves at 70 mph to the west for 3 hours.
At 3 pm the car drives at 60 mph to the east
for two hours. Show the graph of position
vs. time on the calculator.

For the first part of the trip we will
type into the [y =] button the following
equation: Y =-70X + 180. But you only
wish to have this graphed for the time
interval 0 <t < 3. Since the time interval is
on the x-axis we can enter the equation for
Y, as follows: ¥, = (-70X + 180) / (= 0) /

(x £ 3). The latter two factors will only

allow the graph to occur between 0 and 3
hours. The greater than or equals [§][2
[MATH], [4] and less than or equals is"fp
[MATH], [6].

Graphing the second equation is a bit
tricky. One would think that the equation
would be Y, = 60X — 30 since during this
interval the speed is +60mph and the initial
position for the interval is at -30 miles. This
is all true except that you do not want the
graph to turn on until the third hour. By
replacing X with (X-3) you will delay the
graph turning on until 3 pm. Y= (60(X-3)

— 30) and you want to graph only the correct
segment so you again divide by the correct
interval commands.
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Window

The time interval is from 0 <t <5 but you
want to have a border both before and after
the given interval of time. Something like -
0.99 < X <5.99 is suggested for minimum
and maximum X values. Use a scale of 1
hour for the x-axis. The y-axis is for the
positions of the car that range from the
initial 180 miles down to the -30 miles.
Perhaps a range of -50 <Y < 240 with a
scale of 60 would be OK. Setting the
window takes some practice and should be
done after the functions are entered. Some
people use [¥], [GRAPH] to give them an
idea of values for the window.

The resulting graph using the described
functions and window is shown below.
Labeling of the axis will be explained later.



FO=

Analyzing the Graph

Once the function is graphed you can
answer an infinite number of questions
about the graph from the calculator.

You can use the [TRACE] button to
locate the coordinates for any place on the
graph(s). Try [TRACE], [1.5], [ENTER].

At 1.5 hours the position is at the 75 mile
marker. Try [TRACE], [4], [ENTER].
Nothing happens because your cursor is still
tracing V;. If you use the up-down arrow
keys the cursor will hop from one function

to another and you can move te Where

the readout is 30 miles at th8 Hour.

You can use [¥], [TRACE], [2] to
locate where the graph crosses the x-axis.
For our problem the graph crosses the axis
twice. The calculator will guide you
through left bound, enter, right bound, enter,
enter so that it can narrow the domain of the
search. The car is at the state line for the
first time at 2.571 hours into the trip. The
car is again at the state line at the 3.5 hour
mark.

You can use [¥], [TRACE], [6] to
find the slope of the graph at any point.
This should give you the velocity.

2"Y Example Problem

Two trains are on the same track. Train A
leaves the station at mile marker O headed
east at 40 mph. Train B is at mile marker

180 headed west at 60 mph. When and
where do the trains meet?
For [y =] use:

Flotl Flotz Flot:
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For [WINDOW] use:

I T OO
Ammln= .99
mmax=d4 .99
Ascl=1
Ymin=-39
Ymax=2EE
Ve l=4H

Hres=1

You should have a graph that looks
something like below:
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You can see from the graph that train A and
train B intersecte somewhere just before the
second hour and just about at mile marker
80 miles. But where and when exactly is the
key? Try [29, [TRACE], [5] and then

strike the [ENTER] key three times. The
calculator is pausing in order for you to
move the cursor close to the intersection.
This helps the calculator in case there are
multiple intersections of the functions. The
trains meet at t=1.8 hours at the 72 mile
marker. This method is really worth it for
multiple objects in motion.



Relative Velocity
There was an easier way to get the answer thatraeequire use of a graphing calculator or
learning all of those buttons. You still need &familiar with the previous ideas because there
are times later when that way is the best way.rd leesomething called relative velocity. If you
were the engineer of
one train and looked at the other train how fastldbo| VreL =V1HeEm —Vyou
it appear to be moving? That is what relative ggjo
is all about. Relative velocity is defined in @love box. The values are vector values.
Suppose that you are in the front of Train A widty good eyesight. You would see
Train B to appear to head towards you at a spe&tgaf=-60mph — (+40mph). From your
perspective, Train B appears to be headed in yioeectbn at a speed of 100 mph. Now you can
use the equation d=vt to find the time to impalhe two trains are originally separated by
d=180 miles and approach each other at a relgbeedsof v=100 mph. The time to impactist =
180/100 hrs or 1.8 hours. The position of theisiolh is found by plugging that time back into
either position equation. For Train A the collisioccurs at X = 40mph(1.8hrs) + 0 miles or
X=72 miles. For train B the collision occurs at X60mph(1.8hrs) + 180 miles or X=72 miles.
When two objects are in relative motion you cam fa meeting time in position in one of
three ways: 1) Write the position equations andalgebra to analyze four equations with four
unknowns. 2) Write the position equations and lgitiyem to locate the intersection of the
functions. 3) Use d=vt and the relative velociggation.
Homework: reproduce the graph on page 3 of this uni

L esson 1-09 Acceleration Defined

After today’s lesson you should be able to defioeeteration verbally, graphically, numerically
and algebraically. Acceleration like velocity isade. Velocity is how fast displacement
changes with time. Acceleration is how fast valpchanges with time.
Acceleration: Rate of change of velocity with &m
Symbol: a(a vector quantity indicated by bold type)
Units/ Dimensions: mfsor m/s/s or (m/s each second).
Two Types of Acceleration
Acceleration is defined to be change in velocityidkd by change in time. This definition is
complicated by the fact that velocity has two partd if either part changes then there is
acceleration taking place. Recall that velocitg imeasure of speeahd _direction If an object
changes speed then it accelerates. You acceketateby using the gas pedal or the brake pedal.
Either of these will change the speed of the cdrcause it to accelerate.

Direction is also a part of velocity. When aneaftjchanges direction it also accelerates.
You accelerate a car by turning the steering wteel Moving around a circle at constant speed
avoids the first kind of acceleration (changingespebut is a perfect example of the second type
of acceleration (changing direction or curvingheTacceleration due to curving has a special
name- centripetal acceleration. This kind of a&@lon will be studied in another unit. In this
unit we will focus on the acceleration due to chaggpeed. For this unit test be prepared to
recognize the existence of both types of acceterdiut concentrate on the applications of
changing speed only.

Since acceleration is the rate of change of vilatith time it is easy to spot acceleration
in a position vs. time graph. At the top of pagen3he right-hand side are shown three position




vs. time graphs. Only one of the three graphsashamstant slope and a constant velocity. The
other two graphs show a changing slope and therefdnibit acceleration. Since graphs A and
C have changing slope they are examples of actetkodjects on a position vs. time graph.

Acceleration can be defined mathematically by gptenalgebraic equation. Although
the equation is applied to both types of accelenatiis almost exclusively used for changing
speed types of acceleration only.
The equation is shown in the text box to the right. a=Av/At
Realize that the deltas represent change and are
mathematically defined as “final minus initial”.h& direction of the acceleration vector is the
same as the direction of the change in velocitiye mumerator has units of m/s and the
denominator has units of seconds so that the negulhit of acceleration is nfls Go ahead and
say “meters per second squared” and go ahead ared‘mrs™ but do not think about
acceleration in either term. Always think aboutederation in this unit as “meters per second
each second”.

Consider the example of a car accelerating froshaea rate of 3 nfi$or 5 seconds
before traveling at a constant speed. This mdaatghe car is changing speed by 3m/s each
second for the first five seconds of travel. Spesddifferent times are shown below for the first
6 seconds of travel.

Velocity Om/s | 3m/s| 6m/sf 9m/s 12mfs 15m/s 15 m

Time 0 sec 1 sec 2 seq 3 sec 4 seC 5 sec 6 sec

Total distance

As long as you can add you can continue to writgrdoew speeds for any interval of time.
Consider a motorcycle that accelerates at 4 fof$ seconds from rest. Fill in the table below
and determine the final speed of the motorcycle.

Velocity 0m/s

Time 0 sec 1 sec 2 sed 3 sec 4 sec 5 sec 6|sec

Total distance

What about distance traveled? How can a persahtfie distance moved by an object?
Is there a simple method that will enable you Harfithe third row in the above tables? Yes.
Can you use d=vt since the object is changing spé®art of) You have to use the average
velocity instead of beginning or end velocity.

Return to the car that accelerated from rest ats3for 5 seconds. During the first
second it had an average speed of (0+3)/2 or 1s5 ging d=vt we can find that the car moved
d = (1.5m#¥(1 se¢ = 1.5 m. During the first two seconds the cat ha average speed of
(0+6)/2 or 3 m/s. The car moved for the first 2aels a total distance of d= (3i){Zse¢=6 m.
For the first 5 seconds the car moved at an avespged of 7.5 m/s. The total distance covered
during the first 5 seconds is d = (7.5)(Bseg = 37.5 m. Beware that you can use the d =
(vave)[1 as long as there is constant acceleration. dta¢distance traveled by the car for 6
seconds is 52.5 m and d ()Lt fails since the acceleration changed from Fno/'® m/S.

Watch out for piece wise continuous stuff. Takis ttme to fill in the remainder of both charts
on the previous page.



Gravity and Free Fall

When an object is moving vertically against gnayéither up or down) but is under the
influence nothing else besides the attraction twhEais said, “To be in free fall”. If an obje
moving vertically with the aid of rockets or falfjrwith the aid of parachutes or air resistance
then you do not have free-fall conditions. In thasirse we will neglect that affect of air
resistance. For objects in free fall the rateafederation is -9.8 mfs We will round this to -10
m/<* in order to approximate
things in our head. Acceleration due to gravitgdscommon thal @ C -10 m/$
it has its own symbol. The value of g is showth® right.
We finish with two vertical examples.
Example #1 Example #2
A ball is released from rest from the roof of A ball is tossed upward at 30 m/s. It rises to
a building and strikes the ground 4 seconds  maximum height before falling back to the
later. How high was the ball above the original toss point where it is once again
ground at release? caught. How high does the ball rise? How
long is it in the air?

There are two little notes that make
this problem easier than it seems.

= At maximum height the velocity is
always zero for an instant.
= When an object rises and then

returns to its starting point it will

have the same speed but in the

opposite direction.

H?
> A velocity-time table is shown below for the
first 6 seconds of motion.
t(sec)] O| 1| 2| 34 |5 |6
v(m/s)| 30| 20| 10| 0| -10|-20| -30

You can see that the ball rises for 3 seconds
before beginning to fall again.

The ball passes through speeds as shown in  While rising, the ball has an average speed

the table below: of 15m/s for 3 seconds.
Time (sec) g1 (2 |3 | 4
Velocity(m/s)| 0| -10| -20 | -30 | -40 The ball rises to height of d =)t = 45

m above the tossing point.
The average velocity is (0+ -40m/s)/2 or -20
m/s. The ball traveled at an average velocity At t=6 seconds the ball once again has its
of -20 m/s for 4 seconds. Using d &)t original speed but in the opposite direction.
= (-20 m/g(4se9 =-80 m The time of flight for the ball is 6 seconds.
You have seen from this lesson that acceleratiar#e of change of velocity with time. We
are focusing upon the specific idea of changingpeed with time. Since speed changes you
have to use the equation d = (average speed)(tinede average speed is easily found by
averaging the beginning and end values as longeagdceleration is uniform.



The method of analyzing the motion for times, sise@eights and so forth is known as
the study okinematics. In today’s lesson you used a very numerical @gghn where tables of
numbers were required. In the next two days ydule@arn an algebraic approach that is faster
and more direct. Why did we take this numericgrapch if it is slower and less direct? You
need to understand some of the concepts that gshasized in this lesson before moving on to
the next two lessons.

Homework

1. A truck starts from rest accelerating at a unifoate of 2 m/éfor 8 seconds. How far did
the truck move during the 8 seconds? What wa8rihkespeed of the truck?

2. A caris moving at 24 m/s when it decelerates an/8 (It is losing 3 m/s each second).
How long does it take for the car to stop? Howdaes it travel while braking before
coming to a rest?

3. A ball is tossed upward at an initial speed thatasknown. It is noticed that the ball rises
for a total of 2.5 seconds. What was the init@exd of the ball when it was tossed? How
high did the ball rise?

4. A ball is dropped from the roof of a building artdles the ground in 5 seconds. How high
is the building? How fast is the ball moving whthits the ground?

Answers

1. 64 m ;16 m/s 3. 25 m/s; 31.3m
2. 8 seconds; 96 m 4. 125 m; 50 m/s



Lesson 1-10 Four Kinematics Equations

When objects uniformly accelerate there are fouraéqns of motion that can be used to
calculate any two unknowns. The five variablesdasplacementd), initial velocity (), final
velocity (), accelerationg) and time (t). Note the vector nature of all g¢tdéme. When given
any three of the five variables you can alwaysuate the two unknowns using the equations
shown below. Each equation is missing one variable

1)d=wt+%aft 2)v=y+at 3)¥=v,? + 2ad 4) d =Y (V oyt
missing v missing d missing t miggia

The following steps can be used to solve the proble

I) Read the problem to find the three givens. Listihn a vertical column. Itis also
recommended to draw a picture when ever possible.

If an object “starts from rest” then ¥ 0.

If an object “comes to rest” thenv O.

If an object is thrown upward and reaches maximeigtt then v=0 at that point.

If an object returns to the initial position theismlacement is zero,

If an object is in vertical motion under the infhee of only gravity then it will accelerate

at -9.8 m/& We will use g = -10 mfdor this course.

If an object hits the groundib not use y = 0. In most cases the problem is looking into

the maximum speed just before impact.

G. For objects that are thrown vertically upward unitherinfluence of gravity alone the
following assumption is allowed. When an objectines to initial height it will have the
final speed equal to the initial speed but oppadittection. v =v,

II) List the unknowns in the same column with quest@rks.

[Il) To determine the value of one of the unknowns sele@quation that is missing the other
unknown. If v is one of the unknowns then it must be found 8iste it is in all four
eguations.

IV) Substitute values and solve for the unknown. Rkgour unknown in the original column
in a different color of ink. This way when you gack to study the problem you will see two
different colors, givens and founds.

V) Repeat Steps Il & IV for the other unknown. Toyavoid using a calculated number to find
a calculated number. If you do and the first answecorrect then you will suffer from
double jeopardy by getting the second answer alsariect.

VI) Use your two answers plus one of the givens inadtribe unused equations to calculate one
of the originally given values. If you get baclatloriginal value then you know that your
answers are correct.

"For objects in vertical motion there are actudiiyee different kinematics problems. The first

problem involves the object being in contact witimething like a hand while being tossed

upwards. There is the vertical free-flight motibiat takes places after the thrown object breaks
contact with the thrower. Finally there is the lasematics problem where the thrown object is
in contact with the ground. We will almost alwdgsus on the middle stage. The initial
velocity of the thrown object is the speed it hdeew breaking contact with the hand. Worry
about the flight of the object not necessarily hblaecame a projectile.

moow>

n



Reading Exercise

Read each of the following problems and apply st&p# from the previous outline. Beside
the question marks write the number of the equatahyou would use to solve for that
particular unknown. Leave several lines of spadeeitween each problem. Tonight’s
homework will be to do the math part of the problkenget final answers.

1.

A car uniformly accelerates from rest to a finadeg of 88 mph (39.2 m/s) in 4 seconds.
What is the acceleration rate of the car? Howvdidit travel?

2. A car traveling at 27 m/s uniformly acceleratesetst over a distance of 60.8m. What is the
deceleration rate? How long did it take to stop?

3. A car traveling at 10 m/s uniformly acceleratedmafs over a distance of 28.8 meters. How
long did the acceleration last? What is the fspded of the car?

4. A motorcycle uniformly accelerates at 6 m/s/s aveistance of 58.5 meters. The distance is
covered in 3.8 seconds. What is the final spedtiat was initial speed?

5. A person stands at the edge of a bridge over #ee. riA rock is released from rest and falls
vertically for 2.5 seconds before hitting the wdielow. Approximately how high is the
bridge above the water? What was impact speeukeafock?

6. A ball is thrown straight up at an initial speed?dfm/s. How long did it take to reach
maximum height? How high did it rise before fajjiagain?

7. A child throws a small ball vertically upward. Thall is caught at the initial height 1.8
seconds after being thrown. What was the netaligphent for the ball? What was the
initial speed of the ball? What was the final gpbe&the ball? How high did it rise? (This
last question is a different problem from the jdest.

8. A car uniformly accelerates from rest at 3 fits 8 seconds. At the end of the 8 seconds the
car uniformly brakes at -5 n#/for 4 seconds. What total distance is travelethieycar
during the 12 seconds of motion? This is a twa pablem.

Problem # d (m) y(m/s) v (m/s) a(mf3 t (sec)

1
2
3
4
5
6
7
8a
8b
Lesson 1-11 Four Kinematics Equations

Work last night's homework problems in class. Eagbhe the mathematical pitfalls.



Lesson 1-12 Graphing Accelerated Motion

When initial conditions are given, you can use Graphing Calculator Method
the graphing calculator to analyze an object’s First you will need to place the calculator into
motion. The first of the four equations will be the correct mode. The key selection will be

used in a modified form. the fundion choice.
—vit +1 Sl End
D d=vit + ¥z at BlZ 3456739
; " C edreea
The variable 8" is actually an object’s ar Pol Sesqy
displacement or the vector difference in the .:.nne-c.t.gu:l LI
final and initial coordinates. In other words, Sesyential
d =% — X, for objects moving horizontally ﬁ"'b":' FE—TL
andd =y — Y, for objects moving vertically. S e
The graphing calcu-lator is better suited for
showing actual coordinates rather than Ben sure that all stat plots are turned off.
displacement. [2"] - [y=1- [4] - [ENTER]
You don’t want the calculator to plot numbers
2) X=X+ Vot + %2 af from any lists while you are trying to get it to

plot equations.

We can now graph equations but there is
one drawback. The function mode will graph
your position ( x or y) on the y-axis and the
time will be plotted on the x-axis. Keep in
mind that the “x” in the equation is time while
the “y” is position. Go to [y=] and enter the
equation of motion for the car from the left
column as shown below.

Y1 =-20 + 15X — 2%

Set the window as shown below:

Suppose for example that a car is moving at
15 m/s to the right when it is 20 m to the left
of an intersection. The car uniformly
decelerates at 4 Mi/sWhat is the car’s speed
when it arrives at the intersection? We could
graph the following equation:

x =20 + 15t — Y4(4¥t

As another example consider a person
standing at the top edge of a 80 m high cliff.

A ball is tossed upward into the air at 30 m/s. ME#HEIEE -1

How high does it rise? How long is it in the R g =i

air before it strikes the ground if it just misses Herl=.5

the edge of the building on the return trip? Ymin=-34
What will be the impact speed with the Ymax=1@

ground? We could graph the following Wecl=3

equation: Ares=]

y=+80 + 30t + % (-10f t Now hit graph and look at the car’s motion.

Since y represents the car’s position then you
In either case the numerical values for initial can [trace] until the cursor reaches a value of

position, velocity and acceleration are y=0. The cursor will not exactly land on y=0
substituted into the general form of equation but you can take advantage of th%d12_>
(2) be it for x or y position. [trace] - [2] - 1.5 - [enter] - [2] -

In today’s lesson we will learn to avoid the [enter].
algebra by using the calculator.



A
Far
1.7z442E Y=0

i
M=

The car reaches the intersection in 1.73
seconds. We can also find the speed of the

Let Y1 = (80 +30X — 5X) / (X = 0) and the
following window:
Now graph the equation.

I T OO0
amin=-1
A==
Aecl=1
Ymin=-1@
Ymax=14@
Ve l=2H
“ires=1

car at the instant it reaches the intersection byNow you can trace until you are at point A

finding the slope of the graph at that point.
[2"Y - [trace] - [6] — [1.73] - [enter].

"

du/dx=H.08

The speed of the car is +8.1 m/s as it gets to
the intersection. Notice that after selection of
the slope, dy/dx , | actually told the calculator
exactly what time value was needed to find
the slope. If you continue to follow the graph
you will notice that the slope peaks some
where between 3.5 and 4.0 seconds. We can
use

[2" - [trace]- 4 - 3.5 - 4.0 - [enter].

et

A
Haxirur
R B - T

that represents the maximum height of the
ball or point B that represents impact.

£
The maximum value is around 3 seconds.
[2"Y)  [trace] [4] - 2.5 3.5 [enterf

Haxi

ral

Y=1zk
You can see that the ball rises to exactly
125m above the ground, 45m above the
building in 3.0 seconds. With a slope of zero
the ball is temporarily at rest.

[2"] - [trace]- 2— 7 - 9 [enterf

The ball hits the ground 8 seconds after being
tossed.

[2"] = [trace]- 6 - 8 - [enter] will give the

At 3.75 seconds into braking the car reached &jope of the graph at 8 seconds. The impact

maximum distance of 28.125 meters before
coming to rest.

As you can see the graphical analysis
involves 1) entering the proper equation into
y=, 2) setting a proper window and 3) using
the 29 trace to analyze the graph.

Consider another example, the ball toss.

speed of the ball is 50 m/s down.

You can graph in parametric mode as
an alternative. This eliminates the problem of
having the Y axis represent X and the X axis
represent t. There is less confusion about
variables.



Parametric Mode

In order to analyze motion in parametric mode gtheo[MODE] button and change furanal
to paranetric. Now you can enter equations as shown helow

X=X, +V,T+%aT

Y=Y, +V,T+%aT

The button to the right of the [ALPHA] button ismavorking as the [T] key. If you are

working in a horizontal motion problem assign astant value for Y. For example, if the object
is moving horizontally fix the Y part of the Windaw go -1 <Y < 3. Then for the part of the
parametric equations under the [y =] assigreY..5. This will make the graph run horizontally
near the middle of the window. If the problem igestical motion problem then assign the X

value to be X= 1.5 and use a similar range.

The parametric mode avoids the confusion of X ¢pein the y-axis and t being on the x-
axis but it too has some drawbacks. The graphmmapver itself if the object in motion stops
and backs up. Also, the"f?, [TRACE] menu has been reduced since the slopetsvb

dimensions are needed.

For most students using the functional mode f@ dimension and the parametric mode

for two dimensions is advisable.
Reading Velocity vs. Time Graphs

Although velocity vs. time graphs was mentionethatbeginning of the unit there are some
concepts that need to be repeated and emphasimud that objects can accelerate the lines for
velocity will have the possibility of a non-zermpke. When this takes place the slope will
represent the acceleration of object. The areammadurve is still the displacement but it will
now take the form of a trapezoid. An example vahbelow:

Consider the velocity vs. time graph of an
object shown below. The horizontal axis is
measured in seconds and the vertical axis is
measured in m/s.

VEL
izt

The slopes are different for the three
different time intervals. From0<t<4
seconds the acceleration (slope) is rise/run =
+12 m/s / 4 sec = + 3nflsThe slope from 4
<t < 6 seconds is zero and the object moves
at constant speed. The acceleration for the
third interval is rise/run = -4m/s / 2 sec = -2
m/s.

How far did the object move during each
interval? The area of a trapezoid is average
height times width.

For the first trapezoid the area is
{(4m/s+16m/9/2} 04 sec= 40m.

For the middle area you see a rectangle that
id heightwidth or 16m/s(2sec) = 32 m. For
the first 6 seconds the object has traveled a
total of 72m.

During the last interval the object is still
moving forward even though the speed is
decreasing. Again, a trapezoid is
encountered.

Area = {(16m/s+12m/s)/2}2 sec = 28m.

The total distance moved during the 8
seconds is 100 m.

This is the end of the second unit. Expect aiteabout two days.



Shown below is a practice test.

Problem | A

A ball is rolling down a hill. After crossing ank on the hill it has the following measured
speeds at two second intervals:

Vi=8m/s V=14 m/s A= 20 m/s ™ 26 m/s
ti= 0 sec £ 2 sec 3=t4 sec 416 sec

1. The average acceleration for the ball is aboutm/s’.
a2 b) 3 c)4 d5 e)6

2. The speed of the ball atwill be __ m/s.
a) 29 b) 32 c) 35 d)38 e)41

3. The distance traveled fromtb bis ___ m.
a) 16 b) 19 C) 22 d)25 e)28

4. The average velocity of the ball frogtd t;is __ m/s.
a) 14 b) 15 c) 16 d)17 e)18

Problem I
A car is traveling down a long, straight road witaimiformly brakes to rest at a rate of
—3m/¢€ over a distance of 121.5 meters. Use this inftiondo respond to items 7-10.
5. The braking time lasts for ___ seconds.
a)5 b)6 c)7 d) 8 e)9
6. The speed of the car just before brakes were apggie  m/s.
a) 21 b) 24 c) 27 d)30 38)
7. During the last three second of braking before ognto rest the car travels a distance of
m.
a) 13.5 b) 24.3 c) 35.1 6)a1 e) 57.6
8. A graph of position versus time for the motion leé tar would look like which of the
following?

FO= FO=

H T E T
FO: FOx

C T 1 T




Problem III A
A ball is thrown vertically upward at 36 m/s frohetedge of a 127.4 m high cliff. Respond to
items 11 — 15 about the ball while it is in the dgnore any effects of air resistance.
9. The ball reaches a maximum height of _ metersetiee base of the cliff.
a) 115 b)157 «¢)192 d)231 289
10.The ball will reach maximum height in ___ seconfierabeing thrown.
a 19 b) 2.8 c) 3.6 d)4.4 e)5.3
11.The ball will remain in the air for __ secondseatbeing thrown.
a) 6.2 b)7.6 «¢)8.7 d) 9.8 a2
12.The ball will strike the earth at the base of thi# at a speed of _ m/s.
a) 48 Db)56 <c¢)62 d)68 e)76

Problem IVA
A grasshopper on steroids jumps straight up intcaihwith an initial speed of 18 m/s. Assume
that the insect is unable to fly.
13.The grasshopper will remain in the air for __ s@ls0
a) 3.0 b)36 )42 d)48 e)54
14.The grasshopper reaches a maximum height of __ersnatbove the ground.
a) 16.2 b)22.1 ¢)28.8 d)36.5 epd2.
15.Upon landing the grasshopper has a total displaceafe  meters.
a) 0 b) 32.4 c)44.1 d)57.6e)72.9
16. At one second into the flight the grasshoppersdgs _ m/s.
a) 0 b)5 ¢)8 d) 11 e) 14
17.1f the grasshopper doubles its jumping speed tabfifthen its maximum height will
a) double Db)triple c)quadruple d) halfe) none of these

Use the velocity-time graph to answer the remaiitems.
18. The acceleration of the object at t=2 seconds
is m/& YEL
A)3 B)45 C)6 D)95 E)12
19. The distance traveled during the first 4 seconds
iS___ meters. iz
A) 36 B) 48 C)52 D)60E)96
20.The acceleration at t=10 seconds is -2
A)2 B4 C(C)6 D) 8 E) 10
21.The distance traveled during the interval from
t=4 seconds tot=8 secondsis ____ m.
A)36 B)48 C)52 D)60 E)96
22.The average velocity for the object from t=4 sesotodt=12 secondsis ____ m/s.
A) 6 B) 12 C) 18 D2 E) 30

ch
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Solutionsto practice test 102 Useg=-10 m/s’

Problem set #1

1. For any interval shown the velocity is increasiryglm/s saiv = +6m/s. The time intervals
are/At = 2 seconds. Since=Av/At, so a= +6m/s / 2seB.

2. V5=V, +AV or Vs =26m/s + 6m/sThe speed is changing by +6 m/s each second so do
26m/s + 6m/s =32m/=B

3. The average speed during this interval is (8+1d)/21 m/s. Using d=vt where v is average
velocity of 11m/s and time is 2 second, d=(11m&j2s 22 m/s.C

4. Average velocity is found by averaging beginnind and speeds. (14+20)/2 or 17 m/s for
Vave. D

Problem set #2

5. You must find answer to item #6 before getting agrsto #5.

6. Usingv=y+at; 0=\ +2(-3)121.50r 0 =¢7 + -279 or ¥’ = +279 ; ¢ = 27m/s. The
answer to #6 i€. Now we can get time using v g+ at. Subbing in values, 0 =27 + (-3)t.
The total braking time is 9 se& for #5.

7. During the last three seconds of braking you hav8ra/$, v; = 0 and t = 3 seconds. Using
V =V, + at gives 0 = y+ (-3m/$)(3seconds) so the speed at the beginning of #i&la
seconds is +9m/s. Now you can use d=Hv)t/2 to find distance traveled. d= (9+0)3/2 or
d=13.5mA

8. Graphs B&D are for objects moving at constant sgmedur car is slowing down. Correct
answer is either A or B. Graph A starts from aasi has increasing speed since the slope
goes from zero value to positive value. By elinim@only graph B fits. Also note that
Graph B has a beginning positive slope (i.e. ihitedocity) and a zero value for final slope
(atrest).C

Problem set #3

There are two distinct problems in this set. Ftoss to maximum height is one problem (A to

B). From toss to impact with ground is anotherem (A to C). Items 9 & 10 cover A to B.

Items 11 and 12 cover the A to C path.

9. For the path of A to B we have values d=2 86 m/s; y= Om/s; a=-10mfsand we also
don’t know time. You get max height using=vv,? + 2ad. Subbing in values, 0 = 1296 —
20d or 20d = 1296 or d = 64.8m above the toss patetight above cliff base is 64.8m plus
127.4m =192.2mC

10.Using v = y + at gives 0=36+-10t or a time of 3.6 secorils.

11.Find answer to #12 first then do #11.

12.For the path of A to C we have givens d=-127.4ga:+386m/s; y =?;t=", a=-10mfs Use
these values to answer item #12 first.«v,? + 2ad. Subbing values?®[36> +2(-10)(-
127.4)] =3844 or y= % 62 m/s. Note here that when you take a squateof@number
there are always solutions. For our case the ball is going dowemvh hits the ground so
Vi = -62m/s. The speed part of velocity is merefynlamber, 62m/s. Answer to #120s
Now we can uses\= V, + at to get time of flight for the ball. -62=+3610t or -98=-10t so
time is t=9.8 second<D

Problem set #4

13.We will work this problem from jump to maximum hbigd="?; y=18m/s; v=0m/s; a=-
10m/$; t=?. The rise time is found using \=v at or 0=18+-10t. The rise time is 1.8
seconds. Since the grasshopper falls back tcatine place the falling time is also 1.8
seconds giving a total time of 3.6@.



14.Using V¥ = v;Z + 2ad; Subbing values gives 0 = {)18 2(-10)d or d=16.2A

15. Grasshopper is back where it start&d.

16. Acceleration takes away 10m/s each second forrggrabject. 18m/s -10m/s =8m/s. Or if
you don’t wish to think about it, v ;w at. Subbing values gives v=18 +(-10)(1) €8

17.Go back to problem #14 and replace 18 with 36. Wolsee that max height is 4 times as
high or quadrupledC

18.The time, t=2seconds, tells us to consider thelfire interval. Acceleration is the slope of
this interval so you can do rise (+18m/s) over {@sec). Alternately, you could usg=vv, +
at and solve for “a”. You have 24 = 6 + a(4). hEitway a=4.5mfsB

19.The distance traveled is the area underneath tbeityesegment. For trapezoids, Use base
times average height. Area = 4sec(24+6)/2. A#ttaly, if you got stuck use the last
kinematics equation, d=(¥v;)t/2. Subbing values gives d=(6+24)4/2. Eitheywae
answer is 60mD

20.Use same approach as in #18. The slope is foutidawise = -24 m/s and a run of 4
seconds. Slope =-6 m/s. Alternately, vo=hat. Subbing values for that entire segment,
gives 0=24+a(4) or a=-6m/s/s.

21.You have constant speed for the segment in thistigunesince you have a zero slope. With
constant speed, d=vt will do nicely. d=vt=24(4)=96Mote had you not realized that d=vt
would work here you can still get the correct ansfr@n ™ kinematics equation. d=tv+ %2
af. Subbing in values gives d= 24(4) + ¥ (0396m. The answer .

22.To get average velocity, divide the total displaeatby total time. For the 4-8sec interval
d=96m. For the 8-12sec interval, dt ¥ ¥ at or d=24(4)+1/2(-6)%or 48 m. You could
have noticed that the area of this part is hathefarea of the 4-8 second part and merely
done % of 96m. Either way the total displaceme®6m+48m=144m. The displacement of
144 m occurred in 8 seconds. The average velscitg4m/8sec or 18m/<C

Test 102 A & B Objectives

1. Given corresponding velocity and time lists deterrkinematics values such as
displacement, average velocity, acceleration, 8&e Problem IA.

2. Consider an object moving horizontally. Given amge out of the five variables d,, w;, a
and t use the four kinematics equations to calewatrect values for the other two. See
Problem 1A

3. Repeat objective 2 except for objects moving valiffaunder the influence of gravity alone.
See Problem l&IVA.

4. Given graphs of position vs. time identify whictaghs are for objects moving with
increasing, decreasing or constant speed. Identifgl velocity from initial slope of the
graph. Problem I1A8.

5. Given a graph of velocity vs. time be able to idgrdacceleration from slope and
displacement from area under curve.

Test format will include multiple choice questidios concepts, open response problems for
analytical skills and perhaps a written paragraptwo for comparing and contrastingption
with constant vel ocity and constant acceleration.



