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Analyzing a?alling Object Lab

function s(t) that gives the position of an object as afunction of timet isaposition function.
The position of afree-falling object (neglecting air resistance) under the influence of gravity can
be modeled by the following equation:

S =- 2ot +yt+h

where g isthe acceleration of gravity, t istime, v, istheinitia velocity, and h, istheinitial height
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I nthislab, you will gather position and time data on
afalling object using a CBL and motion detector.
Y ou will then usethisdatato develop a mathematical
model for the position of the object at any time't.

1. Set up the lab asinstructed by your teacher.

2. Y ou will beusingthe CBL/CBR programon
your calculator to gather thedata. Follow the
instructions below to set up the program and
its parameters for this lab.

Procedure To Operate CBL/CBR Program On The T183+ Calculator:

Pt
3 Inferac. e
FRE=% ANY KEY
Press the APPS key PressENTER.

and sdect 2 for
CBL/CBR.

A

E YOI USIHG ..
5HEE!
:CE

Ar-=C

Ei? Eég
CEL TI-B=
Flus

OSE UHTT—TO-THTT
CORD_TO LIME_THE

Select 1 for CBL.
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CEL AMD TI-E3
Flus. [EMTER]

There will be a
number of screens
checking various
connections.  Keep
pressing ENTER.

CEL-CER AFF: FROBE: Temr Lisht

1! 5AUSE Lolf %

?DHTH LOSEER, #2HAFLES : 166

t RANGER INTRUYLCSEC .81

drolIT MITS: ™
FLOT:REeal Tme
DIRECTHS: [F
50, . .

Select 2 for DATA Set the parameters as

LOGGER. shown. Turn on the
directions the first
time. Arrow to GO
and press ENTER.

FEESS [ENTERT TO Fett FIT

EESIH.

Tz

H=n =0

At this screen, when If you are unhappy

you press ENTER, with your graph,

the CBL will start press ENTER and

collecting data after a start over.

short delay.
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PED?ElTENP Light Feet F1] PED?ElTENP Light ?BIGQEEE AFF:
(u) (u)

#SHMF‘L%: Collecti #SHMF‘L%: 21OATH _LOGEER
INTRYLCSEC .81 ollecting INTRYLCSEC .81 =1 RAMGER
LUHITS: m Data... LUHITS: m EHEUTT
FLOT:REeal Tme FLOT:Eeal Tme |50

DIRECTHS: On H+ Tesr | IDIRECTHS: On [EEEG

50, . . =i Y2161 50, . .

Turn off the Thisscreenindicates When you are At this screen, press Press 4 to QUIT the
directions to save that data is being sdatisfied with your 2nd MODE for program.

time. Arrow downto collected by the graph, press QUIT.

GO. Whenyoupress CBL. ENTER.

ENTER, the CBL
will start after a short
delay.

3. Every member of your group must transfer the data, stored in lists TDIST (sec) and DIST
(ft), into their calculator.

4, Save your dataliststo aprogram. Your Program Name:

fter you have collected the data and are satisfied with your graph, there will probably be parts
of the graph that you do not want to keep, especialy at the beginning and the end of the graph.
To select out only that part of the graph you wish to keep, follow the instructions below.

Entering TheLists TDIST And DIST Into The LIST Screen:

1. First, please note that your data is being stored in the lists TDIST (time-sec) and DIST
(distance-ft). To show them in your L1ST screen, follow the directions below.

L Lz 1

L1 =

Hame=0

OFS MATH

arrrr
Hm A L

k)
=H
[=H
rEDIST
SHTOIST

L Lz 1

TOIST  |WeRm LA z

o000
K

Hame=TOIST#

Go to the top of L,
and press 2nd DEL

You have the option
of typing in TDIST

Press 2nd STAT for
LIST and select 8 for

Press ENTER and
the data for TDIST

for INS. or accessing it under thelist TDIST. will be entered.

the list names. See
next screen for this.

TOIST [N LA z F]EI!E OFS MATH TOIST [N LA z| [rozsT [oEE |1 z
P01 R Y NS P01 R Y NS 0,000 1444 | cmeeem
odn odn odn 1.44Y
i) |_ i) i) 1.440
] A:L ] ] 1.440
RiL L] 4 RiL L] RiL L] 1441
AED Silc AED AED 1440
) R ) ) 1.440

Hame=015T RDIST Hame=015T DIST=4{1. 444, 1. 4.

Either type in DIST
or see next screen to
select it from the list
names.

Press 2nd STAT for
LIST and select 7 for
thelist DIST.
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Press ENTER and
the data for DIST
will be entered.

You now have the
dataavailable at your
LIST screen.

Go back to the top of
L, and press 2nd
DEL for INS.

DIET [ E

Hame=0I5TH

Insert another list at
the top of L, and type
in DIST. What will
happen when you
press ENTER?
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Analyzing a Falling Object Lab

Selecting Out Part Of A Graph:

2. You are now ready to select out the part of the graph you wish to keep. Follow the
instructions below to accomplish this.

CHTALOG
2=SamrTInt
2-SamrTTest
2=SamFZInt.«
2=SamrZTesty
Scatter

i
Foelect(

elect C LTOIST: LD
ST

Fi,

Left Eound?®
=21 t=1.48

Fi1

Ridht Bound?
H=.7L ¥=Y4.879

S/

Press 2nd O for
CATALOG and the

At the home screen,
enter TDIST, DIST.

Cursor to the left
bound of the part you

Cursor to the right
bound of the part you

To maximize the
view of the graph,

letter StogototheS: Note These cannot want to keep and want to keep and using Dot mode,
screen. Arrow down justbetypedin. (See then pressENTER. pressENTER. press ZoomStat.
to Select( and press thelittle . in front of
ENTER. the names?) Access
them at the LIST
screen and then press
ENTER.
etch the graph of the (modified) timevs. position datain the space at the
ight.
1. This selection process automatically stores the modified data back
into the original datalists, deleting it out completely. If we need the
original data, we can access the program in which it is stored. If
possible, get a printout of your graph from your instructor.
2. What parent functions would make reasonable models for this graph?
3. Identify the common name of each of the following functions and sketch a representative
graph of each.
a y = a+bx+c b. y=axc+bx*+cx+d

C. y = bx"
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Analyzing a Falling Object Lab

o help find afunction that best models your (modified) position vs. timedata, go

tothe STAT featureonyour calculator and arrow to CALC. Hereyouwill find
anumber of equations the calculator will fit to your data. The process of fitting an
eguation to aset of datais called regression analysis. Follow the directions below
to find agood model for your data.

TEuadkea
:CubicEea
fRyartEeg
iLinRegdathxy
iLhRea
:ExFRea
FurFega

CAUTION: Thedataonly alowsusto look at ardatively smal part of the whole curve. Before
you select afunction asthe best fitting model, always ask yoursalf if the graph of the
whole equation reflects the conditions of the situation.

1. Use QuadRegto fit aquadratic equation to your (modified) position vs. timedata. QuadReg
stands for "quadratic regression” and refers to a process that finds the best fitting quadratic
eguation to the data.

EDOIT TESTS LuadRed LTODIST. L LuadRe
1:1-Var Stat= 01 1

a0
5T, g=3x e
2iZ2-War Stats ]
=i Med-Med =
diLinkealax+hl C
Luadked F
tCubicReg
7 lHAuartRega
At the home screen, Enter TDIST, DIST, Your screen should
pressSTAT, arrow to Y,andthenENTER. look like this.

CALC, and press 5.

a Write the equation found in Y ;. Round all numbers to the nearest thousandth.

Equation1: y=

b. Sketch Equation 1 and the (modified) position vs. time data
on the same axes in the space at the right. Comment on the
fit of Equation 1 to the data.

C. Each time the calculator runs a regression anaysis, it .
generatesalist of residualsthat it storesinthelist RESI D Point on CurveP,
(found in LIST names). A residua represents the

distance between the actual (or observed) y-value of a R,
data point and the predicted y-value (using the regression o,
equation). The smaller the residuals, the better the Data
equation fits the data. Point

P, Point on Curve

Theresidua R, = O, - P, and is positive, since O, > P,
Theresdua R, = O, - P, and is negative, since O, <P,
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Analyzing a Falling Object Lab

Hpgﬂﬁ l;‘:h 1) Graph the residuals in the space at the right.
wlist %D%Tf i . .
ListiRESIEE 2) L ook at the window valuesand comment on therelative size

of the residuals compared to the actual data's values.

2. Use CubicReg to fit a cubic equation to your data. CubicReg standsfor "cubic regression”
and refers to a process that finds the best fitting cubic equation to the data.

a Use CubicReg to fit a cubic equation to your (modified) position vs. time data.
b. Write the equation found in Y,. Round all numbers to the nearest thousandth.

Equation2: y=

C. Sketch Equation 2 and the (modified) position vs. time data
on the same axes in the space at the right. Comment on the
fit of Equation 2 to the data.

ofe 1) Graph the residuals in the space at the right.
Mlist ELTHD%TE . _ )
hoiphiRESIEE 2) L ook at thewindow valuesand comment on therelativesize

of the residuals compared to the actual data's values.

3. UsePwr Regto fitapower equation to your data. PwrReg standsfor "power regression” and
refersto aprocessthat findsthe best fitting power equation to thedata. NOTE: If you have
avalue of zero for one of your x-vaues (time), you will need to change it to 0.0001 before
PwrReg will work.

a Use PwrReg to fit a power to your (modified) position vs. time data.
b. Write the equation found in Y ;. Round all numbers to the nearest thousandth.
Equation 3: y=
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Analyzing a Falling Object Lab

C. Sketch Equation 3 and the (modified) position vs. time data
on the same axes in the space at the right. Comment on the
fit of Equation 3 to the data.

Hpgﬂﬁ l;‘:h 1) Graph the residuals in the space at the right.
Hlist EL'I:D%T/ ) _ )
hoiphiRESIEE 2) L ook at the window val uesand comment on therelativesize

of the residuals compared to the actual data's values.

4. Use ExpRegtofit an exponentia equationto your (modified) positionvs. timedata. ExpReg
stands for "exponentia regresson” and refers to a process that finds the best fitting
exponentia equation to thedata. NOTE: If you have avaue of zero for either your x- or
y-value, you will need to replace the zero with 0.0001 before ExpReg will work.

a Use ExpReg to fit an exponentia equation to your (modified) position vs. time data.
b. Write the equation found in Y ;. Round all numbers to the nearest thousandth.

Equation 4: y=

C. Sketch Equation 4 and the (modified) position vs. time data
on the same axes in the space at the right. Comment on the
fit of Equation 4 to the data.

oFfs 1) Graph the residuals in the space at the right.
i zt ED%T&
LzLeRESIDE 2) L ook at thewindow valuesand comment on therelative size

of the residuals compared to the actual data's values.
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Analyzing a Falling Object Lab

5. After examining each of the regression analysis, which of the equations best models the
(modified) time vs. position data? Explain.

f course, the theoretical model for a fredly faling body (neglecting air resistance) under the
influence of gravity isaquadratic equation. We have discussed this at some length in class.

1. Write out the theor etical position equation for afregly faling body.
s (t) =

2. Rewrite Equation 1 below to reflect the fact that it isthe experimental position equation.
se(t) =

3. Discusstherel ationship between the coefficientsof s: (t) and s; (t) and what these coefficients
represent physicaly.

4. How might you explain any differences between the experimental values and the theoretical
values of the coefficients?

5. Use the space at right to show the complete graph of s (t) , the experimental
position equation.
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Analyzing a Falling Object Lab

n arelated experiment, agroup of students got the results at right. They found B

that aquadratic equation wasthe best model for the (modified) timevs. position E \
data. Thevertical axisis position and the horizontal axisistime. Theoriginisat k
the lower left of the screen. Note: The diagram showsthe graph beforethegroup | —
selected out the part they kept.

1. Describe what the design of their experiment might have been to get this
data.

2. Indicate on the graph where the object reached its maximum height. What'sthe mathematical
term for this maximum point?

3. What isthe trandation that would move the point (0O, 0) to (3, 5)? Use proper mathematical
notation.

4, Which of the following equations would best represent the data (excluding the ends), under
the trandation T, , if the maximum height reached was 5 meters.

a y=-2(x-3)?2-5 b. y=-(x+3)*+5 c. y=-05(x-3)*+5

5. Consider theratioL?E(tZ) = % (Read asdelta s over deltat) . Thisratiorepresents
17 2
the rate of change of position with respect to the change in time.

a What is a more common name for this ratio? Hint: Look at the units in the
numerator and denominator that we used in the |ab.

b. Is the velocity of the faling object increasing at an increasing rate, increasing at a
decreasingrate, increasing at aconstant rate, decreasing at aconstant rate, decreasing
at an increasing rate, or adecreasing at a decreasing rate?
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Analyzing a Falling Object Lab

For The Calculus Students:

e have discussed the rel ationship between position, vel ocity, and accel eration and will address

these relationships throughout the course. 1n our discussions, we have differentiated between
average velocity and acceleration (over some time interval Dt ) and instantaneous velocity and
acceleration (at an instant in time).

1. Assume that s(t) is a position function.
a Write out an equation for the average velocity over some time interval Dt .
b. Write out what the instantaneous velocity would be at an instant in time using the

definition of derivative.

Experimental | nstantaneousVelocity (v (t) ) vs. Theor etical I nstantaneousVelocity (v, (t) ):

1. What is the relationship betweenvg (t) and s (t) ?

2. Uses.(t) tofind the experimental instantaneous velocity function for the falling object.

Ve(t) =

3. Uses; (t) to find the theoretical instantaneous velocity function for the falling object.

v () =

4. Comparev, (t) andv; (t) . How would you account for any differences?

RevisedAugust 2, 2000
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Analyzing a Falling Object Lab

5. By following the procedure below, we are going to see how good a model we can find
for v¢ (t) using our (modified) position vs. time data and the concept of average velocity., i.e.

Average Velocity(Dv) =— =

_ Ds _ Change In Position

Dt

Procedure To Find Change In Position:

Change In Time
a In thislab, what would DIST (n+1) - DI ST (n) represent?

TOIZT |DIET Ll E;
| 148 | c-eeeo
i 1.5016
] 1.t26H
SN 1.Lccy
e 1.c881
=8 lezhl
T 1.6637

L1 =

HAMES EF MATH
Sort
fSortOc
fdime
tFille
HE-T T

oumSUm Y
l=listC

[T T T

TOIST  [DIST  |W | [TersT_ foIsT Ui 3
T T . T 148 | BT
32 15015 32 15015 | .ozEz
33 1.E25H 33 15258 | 0ZBEL
2 1.ECEP 2 1.EEE? | lozzyd
25 1.EdR1 25 1EERL | 03E0L
28 1.azh1 28 Lazhd | 03851
57 16637 57 1637 | OhizE

U =alist (LOISTS L=, 82161

Gotothetopof L,.

Press2nd STAT for LIST,

Your screen should look

What do the values in

arrow to OPS, and select 7 like this. PressENTER. L, represent?
for aALIST.
b. In this lab, what isDt ?
Procedure To Find Dt :
DI=T L1 H Y DI=T L1 H Y DI=T L1 L Y
1.48 Jglel | oo 1.48 nglel | oo ] aOzisl | RFEEE
1.501 AgEe 1.5016 c&e 1.5016 | 0252 ikt
1.5268 | .0zBB1 1.5268 | .0zBB1 1.5z268 | .02BBE1 | .01
15557 | oz2yl 15557 | oz2yl 15557 | oyl | .0l
15881 | .0zE01 15881 | .0zE01 156881 | .0za0l | .0l
l.az41 | 0061 l.az41 | 0061 l.az41 | 0061 | .0l
1.86%7 | 0432 1.86%7 | 0432 1.66%7 | .ob3ee | .0l
Lz = Lz Salist( LTOIST | |reor=,81
What is this going to Surprise?
do?
C. We are now going to make a list representing the experimental average velocities.

Procedure To Find Experimental Average Velocities:

L1 Lz ™ £ L1 Lz L= £
oEigl |l | e nzigl | .0l T
£z | .01 £z | .01 c.k2
0zEEL | .01 0zEEL | .01 c.BB1
N2yl | .l N2yl | .l Z.241
nzafl | .ol nzafl | .ol =801
0881 | .01 0881 | .01 =981
oyzes | .0l AhyzEe | ol b.rze

Lz=Lq1-Lz Lxi=2, 161

RevisedAugust 2, 2000

Steve Boast

1) What do the valuesin L ; represent?

2) How many valuesarein L ;?

3) What's

the relationship
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Analyzing a Falling Object Lab

d. Thelast step beforefinding amode! for v, (t) isto find the time at which each average
velocity occurred.

Procedure For Finding The Time At Which Each Average Ve ocity Occurred:

Lz Lz T Lz Lz T & Lz Lz LY &
ol elBl | cceeeo ol elBl | cceeeo ol z.i61 | N
Al .5 Al .5 Al .5 33
Al c.BA1 Al c.BA1 Al c.BA1 24
Al .24l Al .24l Al .24l 2k
a0l Z.a01 a0l Z.a01 a0l Z.a01 =B
a0l =061 a0l =061 a0l =061 ch
0l Y322 0l Y322 0l Y322 Rl
L4 = Ly =z LTOISTOR..|  |Lum=, 32
Seq(L TDIST(X),X,2,40,1)
1) What do the valuesin L , represent?
2) How many valuesarein L ,?
e Finally, we are in aposition to find amodel for v, (t) based on our data.
1) Sketch agraph of (L,, L) usng STATPLOT (Dot mode) in the
Space at the right. What type of function does the graph appear
to be?
2) Perform a LinReg on the data in L, and L; and write the resulting linear
equation below.
Equation 5: y=
6. Compare Equation 5, v (t): the experimental instantaneous velocity

equation from the derivative of our experimental position function,
andv; (t) : thetheoretical instantaneous velocity equation fromthederivative

of the theoretical position function. Include a sketch of all three equations
on the same axes in the space at the right.
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Analyzing a Falling Object Lab

Experimental | nstantaneousAcceleration (a. (t) ) vs. Theoretical | nstantaneousAcceleration (a; (t) ):

1. What is the relationship between a. (t) and v (t) ?

2. Usev, (t) to find the experimental instantaneous accel eration function for the falling object.
ag (t) =

3. Usev, (t) to find the theoretical instantaneous velocity function for the falling object.
ar(t) =

4. Comparea. (t) and a; (t) . How would you account for any differences?

5. By following the procedure below, we are going to see how good a model we can find for
a: (t) using our (modified) position vs. time data and the concept of average acceleration.
Average Acceleration = bv = Change In Vel.00| y

Change In Time
a In thislab, what isDt ?
b. We will need to create alist representing the change in velocity. Do thisin L.
= = T G = = = Procedure For Finding The Change In Ve ocity:
c.lpl B | e c.lpl s K
.5 X .5 X 281
i | T _
el |36 el | F6 25 1) What do the valuesin L ; represent?
=881 | .37 =881 | .37 6L
Y.3EE | Y.3EE | =00l
LE =alist(lz2 Lei=, 3549
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2) What do the valuesin L ; represent?

Analyzing a Falling Object Lab

C. Since Dt hasn't changed, we could again use L , to represent Dt . However, wewould
need to pay attention to the number of valuesin L, and the number of valuesin L.
What could you do to L, so that it has the same number of valuesinit asdoesL:?

d. We are now in a position to make alist of the experimental average accelerations.

Procedure To Find Experimental Average Accelerations:

L4 LE L5 g L4 L& L& Bl 1) What do the valuesin L 5 represent?
EE ER | o EE =E0 ze 0 |
i x] Zh1 i x] Zh1 Z6.1
L | =B L | =B ZB
=k =B =k =B ZB
=B =B =B =B ]
) =8l ) =8l 6.1
i | =i i | =i -1 i
L6 =Lc.~. @1 LE(I=55, o 2) What do the valuesin L4 represent?

e Thelast step before finding amodel for a (t) isto find thetimeat which each average

acceleration occurred. Thisisdone by using the same technique you did for average
velocity. Canwejust go ahead and use the timeswefound for the average velocities?

f. Finally, we are in aposition to find amodel for a. (t) based on our data.

1) Sketch agraph of (L, L) usng STATPLOT (Dot mode) in the
Space at the right. What type of function does the graph appear
to be?

2) Perform a LinReg on the data in L, and L4 and write the resulting linear
equation below.

Equation 6: y=

6. Compare Equation 6, a.(t) : the experimental instantaneous acceleration
eguation from the derivative of our experimental velocity function, and
a; (t) : thetheoretical instantaneousaccel eration equationfromthederivative

of the theoretical velocity function. Include a sketch of al three equations
on the same axes in the space at the right.
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Analyzing a Falling Object Lab

t is very important that you understand the relationships betweens; (t), v; (t) , anda, (t), both
algebraicaly and geometrically. Check your understanding by answering the following questions.

1. Consider the diagram shown at the right of the graphs of s; (t),
v (1), anda; (t).
a |dentify which graph represents the functionss; (t),
v; (1), anda; (t).

b. Using only the graph, how could you verify where the

relative minimum s; (t) of occurs?

C. Using only the graph, how could you verify wheres; (t) isincreasing? Decreasing?

d. Using only the graph, how could you verify that s, (t) is concave up?

®

Using only the graph, how could you verify that v, (t) isincreasing?

2. What isthe relationship between a, (t) andv; (t) ? betweena, (t) and s; (t) ? between v; (t)
ands; (t)?

3. What is the relationship betweenv; (t) , s; (t), Ds, and Dt ?

4. What is the relationship betweena, (t), v; (t) , Dv, and Dt ?

5. Assumethat s; (t) wasenteredinY ;. Describe how you could graphv; (t) and a; (t) usingthe
nDeriv feature of your calculator.

6. Summarize the relationships betweens; (t), v, (t) , anda; (t).
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