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\8/ Hooke’s LLaw: The Rest of the Story
Math Objectives: : Materials: (Per Group)
» Graph scatter plots » TI-83/TI-84 Plus Family
* Analyze and graph linear functions : « Data from Activity 7: Hooke’s Law
* Calculate and apply slope :
» Discuss positive versus
negative slopes
OVERVIEW

In Activity 7, Hooke’s Law was applied to the linear behavior of a spring as it is pulled downward. The stretch
on the spring was directly proportional to the number of candies that was put in the cup. The data collected
was the distance the cup moved towards the floor as the cup was filled with candy. To save time, the data
collected in Activity 7 will be used to generate a new set of data. The new data will display the distance from
the top of the meter stick to the bottom of the container vs. number of candies. This measures the stretch of
the spring instead of the distance between the cup and the floor. A linear function will be generated from this
new data, but this line will have a positive slope since the distance the spring stretches will increase as the
number of candies increases. This activity is used to help students acquire a more thorough understanding of
the meaning of slope. You will create a second linear model and then apply the properties of a linear function
to develop a model for this distance. As in Activity 7, you will analyze the data and interpret the meaning of the
slope. The slope is then used to develop an equation of the line of best fit.

@ NOTE A Slinky® works well for the spring and M&Ms® work well for the candies.

SETUP

1. This activity does not require you to set up and conduct new data collection TE OOR: TBIF 1
trials. The students may need a diagram to see the difference between | 1456z | -0o=8
these two activities and to understand the logic of creating new data lists. E }:;EH; ::ggg;
Start by going to the Stat List Editor (Press [ENTER]) and have the is 1ol | Z0BE
three lists from Activity 7 displayed next to each other. See Figure 1. 1= 10885 | hEE

* NOTE For help with the list display, see Appendix E, sections 19-23. HEEQLD) = = ,

igure
DATA COLLECTION

1. From Activity 7, recall the distance from the stick to the floor.
Lead the students in a discussion that will help them develop a Stick
formula for the distance from the stick to the bottom of the cup = v
as candies/almonds are added to the cup. Use a sketch like the a =
one shown here to demonstrate that the distance from the stick
to the bottom of the cup (a) equals the total distance (c) minus c
the distance from the cup to the floor (b). If students strugglewith | -------
this, substitute values for the variables. If the cup is 20 inches {
from the floor (b) and the stick is 30 inches from the floor (c), floor k b
then the cup would be 10 inches from the stick (c— b = a).
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Activity 8: Hooke’s Law: The Rest of the Story

2. Review which data is in which list. HSEQ is the number of candies/almonds added to the cup, HOOKS is the
distance from the cup to the floor/CBR 2, and HDIF is the difference between any two consecutive entries

in the HOOKS list.

3. Examine the measurements in the lists from Activity 7 and discuss their units. The CBR 2 was set to
measure this data in feet. Convert the distance from the stick to the floor from inches into feet. For example,

30 inches = 39 = 2.5 feet.

4. Have students convert their measurement from the stick to the floor to feet
and round to the nearest hundredth. In this example, the distance was 29.5
inches. Converted to feet and rounded to the nearest hundredth, it equals
2.46 feet. Insert an empty list behind the three lists used in Activity 7. In this
example, L3 is the new list. Be sure L3 is highlighted and define it to be the
total length (2.46) minus the measurements in the HOOKS list.

See Figure 2.

* NOTE For help working with lists, see Appendix B.

5. After entering the formula, press to execute the command. The list will
fill in with the results. See Figure 3.

6. Set up a scatter plot for the distance from the meter stick to the bottom of
the container vs. number of candies. Turn off any previous scatter plot or
graph entered into Y1 and/or Y2. To access a named list, position the cursor
behind Xlist: and press to access the [LIST] menu. Scroll through
the choices until you highlight the list you want and then press [ENTER]. Repeat
the process for the Ylist. See Figure 4.

7. Press [zoOM], and then select 9:ZoomStat to set a window with appropriate
parameters for the data. See Figure 5.

8. Press [TRACE], and then look in the upper left corner to confirm the lists that
were used. See Figure 6.

HOOE: [HOIF |HE y
14962 | -.0838 | oo
1402y | -0B77
1347 | -~o7z8
i.z4iB | -.GBE
1.1CaH | 0751
10817 | -.0B0Z
100y | 0787

Lz =2. 45— LHOOESH

Figure 2

HOOK: |[HDIF L= y
1496z | -.00z@ | EFEH
1402y | 0877 | 1.0E7E
1347 | 0728 | 14452
i.z4iB | -.0BE | i.ziBz
1.4C6H | -~07EL | 13032
10817 | -.0B0: | 1,378
i.00ih | -.0797 | 1.4506
Lxi=, 9638

Figure 3
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Activity 8: Hooke’s Law: The Rest of the Story

9. Repeat the procedure used in Activity 7 and use the differences to estimate
the rate of change. Define L4 to be the difference of the distances in L3. See
Figure 7.

10. Be sure to have students draw the comparison between these differences
and the HDIF list. Point out that the values in L4 represent the actual amount
of movement of the cup. See Figure 8.

% DATA ANALYSIS

HOIF L= LY E

~09zH | 963H | -

-0B77 | 10576

0728 | 14453

-.0HE i1.z18:

~07EL | 13032

-0H0Z | 13783

-.07a7 4EHB

Ly =xListcLz2
Figure 7

HODIF L= L4 £

-nozg | .96z | NEETH

-0B77 | 1.0576 | .07

0728 | 14453 | 0728

-.0HE i.z18z | .0BE

~07EL | 13032 | 075l

-0H0Z | 13783 | .0HOZ

-0787 | 1.45%H6 | 0797

Luith=. B335

Figure 8

1. Studen.ts can repeat the. procedure jchey us.ed in Activity 7 to identify the slope HAMES OFC WG
and Y-intercept for the line of best fit. Remind them that because the change liming
in the X-values is always three, they will need to divide the differences in |8 mggrlgui
L4 by three. This quotient will result in finding the slopes for the individual tmediant
segments between any two consecutive points listed. 8 =S
g y P =H =i gluls 14
2. In Activity 7, a new list was created of these slopes and the mean of the list  LF +=Loleu
was calculated. This process can be accomplished on the home screen. Figure 9
To do this, press to access [QuIT] and return to the home screen.
Then press to access the [LIST] menu and arrow over until MATH is  [mean Ly~ 25 1+H
highlighted. Select 3:mean( from the list. See Figure 9. Enter L4/3 LBZEV1193983
N in the home screen. Store the value in N, so it can be retrieved
when needed. Press [ENTER]. See Figure 10.
3. Help your students understand that the average of this difference list divided
by three will serve as a close approximation to the slope of the line of best fit -
for all points in the plot. Figure 10
4. Next, identify the Y-intercept. Return to the graph and trace to the first data FLHSEQLLE
point. See Figure 11. Lt *
. +
+
+
+
+
+
HEL N =8 151 : [
Figure 11
5. Press t.o access [QUIT] and retu.rr.1 to the home screen. Take the e TR
Y-value from the first data point and store it in the C variable. The keystrokes LAZT1 1939583
are as follows: [ALPHA] Y [STO»] [ALPHA] C [ENTER]. See Figure 12. Ll 530
[ |
Figure 12
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10.

1.

Using the Y-intercept and the slope, enter an equation that approximates
your trend line. Next, look at the graph to see if the equation is a close fit to
the data points. Go to the [Y=] window and press [ALPHA] N [X.T.©.n] + [ALPHA] C
to type in NX+C beside Y1. See Figure 13.

. Press [GRAPH] to see how closely your line fits the points. Press [TRACE] and

use the left and right arrow keys to scroll through the data points.
See Figure 14.

Turn on Plot2 and graph the data from Activity 7 on the same coordinate
plane. See Figure 15.

If your students have not cleared the calculator’s memory from Activity 7, go
to the window and press [ALPHA] M [X.T.©,n] + [ALPHA] B to type in MX+B
beside Y2. If the memory has been cleared, have the students retrieve these
values from their Activity 7 worksheet. See Figure 16.

Press to see both equations graphed along with the data points from
the [STAT PLOT] menu. Lead students in a discussion about the similarity in the
amount of slant in the two lines even though the lines are going in different
directions. See Figure 17.

Return to the home screen and press [ALPHA] N [ENTER], and then
(ALPHA] M [ENTER] to recall N and M. If M has been cleared from the
calculator’'s memory, refer to the Activity 7 worksheet to retrieve it. Make
sure the students realize why these numbers are the same but have
opposite signs. Use language that will help build their understanding
of slope as the change in the distance per the change in the candies.
See Figure 18.

A Flatz Flok:
=% BHR+C
wMz=
W=
=Wy=
wMe=
“ME=
wMe=

Figure 13

Figure 14

Figure 15

A EFHE Flok:
=% BHR+C

=W zBMR+E
W=

=Wy=

wMe=

“ME=

wMe=

Figure 16

Figure 17

BZ271 195923
- B2V1193983

Figure 18
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Activity 8: Hooke’s Law: The Rest of the Story

12. Go into the screen and adjust the Ymin value to a small negative
number so the X-axis will be seen in the graph screen. See Figure 19.

13.

14.

15.

16.

17.

18.

19.

If the X-range is adjusted to be a multiple of 47, you will generate “friendly”

numbers as the graph is traced. See Figure 19.

An extension activity is to use the trace
feature to examine the sum of the Y-values
(distances) for any given X-value (number of
candies). See Figures 20a-b.

Scroll to use a second X-value. Be sure to
pay attention to what is written in the upper
left corner of the screen. Check the actual
measurements from P1 and P2. See Figures
21a-b.

Hopefully, your students will recognize that
the sum of the Y-values is the total distance
from the stick to the floor. Help them keep
track of what set of data is in each list and
what lists are the coordinates of each plot. P1
is the distance from the stick to the bottom of
the cup and P2 is the distance from the cup
to the floor. For any given number of candies
(an X-value), the sum of the two distances
equals the total distance. From the diagram
at the beginning of this activity, a + b = c.

Use the calculator to identify the point of
intersection. To do this, press
to access the [CALC] menu and select
5:intersect. See Figure 22a.

The cursor is on Y1. Press to identify
it as the First curve?. See Figure 22b. The
cursor will jump to Y2. Press again

MIHDDM
i

B1
?max—1.6345889
Yezl=1
ares=1

Figure 19

FL:HZER.L=

F:HZEQ.HOOK:

Figure 20a

Figure 20b

FL:HZER.L=

[k ogrrrevrereeeeey o By - I

F:HZEQ.HOOK:

Figure 21a Flgure 21b

Figure 22a Figure 22b

CALCILATE R

HYE =

2izero

Siminimum

d & i mum

éhtEFEEEt
= Rl Firsk -

E B T e W=d BNTPE

lllz:HH‘.B K

SCOnd CUFYeT EIJ'HE?

REAY e =1 AABREEEY | | RIS s V=1 FIINNEE .
Figure 22¢c Figure 22d

to identify it as the Second curve?. See Figure 22c. When asked for a
Guess?, scroll until you are close to the point of intersection and press

again. See Figure 22d.

The coordinates of the point of intersection are displayed at the bottom of
the screen. Help your students interpret this as the point where the bottom
of the cup was the same distance from the floor as it was from the top of the

stick. See Figure 23.

P

II'I'C'H"E'EC'CI'ZII'I
A=BBLEAEE VoL EY s

Figure 23
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Activity 8: Hooke’s Law: The Rest of the Story

r EXTENSION
° o

1.

Another extension is to measure the height of the cup and create
a new list that would stand for how far the top of the cup was from
the stick. This is found by subtracting the height of the cup from
the distances in L3. Go back to the Stat Editor and define L5 to be
L3 — ht of the cup (in feet). In this sample, the cup was 3 inches or
% = 0.25 ft. So L5=L3 -.25. See Figure 24.

. Press to fill in the list. See Figure 25.

Press to access the [STAT PLOT] menu. Turn on Plot3 and define the
Xlist: to be HSEQ and the Ylist: to be L5. See Figure 26.

Go to the [Ys) window and turn off Y2 as this was the equation for Plot2. Also,
position the cursor on Plot2 at the top of the screen and press to turn
it off. See Figure 27.

Press to see the new data plotted along with the data from Activity 8
and its regression equation. See Figure 28.

Rather than go through the long procedure to find the regression equation
for this new data, let the calculator do it for you. Press [STAT], arrow over to
CALC, choose 4:LinReg(ax+b), and then press [ENTER]. See Figure 29.

Figure 24

Lein=. 71385

Figure 25

Flatl Flotz  JE
off

Jeel B L~ Jh
HH- HIH |-~
#list:HSER
Wlistile
Mark: B +

Figure 26

AR Flokz  EEE
=5 BHR+C
“We=Mr+E
W=
=Wy=
wMe=
“ME=
wMe=

Figure 27

Figure 28
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Figure 29
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Activity 8: Hooke’s Law: The Rest of the Story

7.

10.

1.

12.

To enter a named list, press to access the [LIST] menu. Scroll
through the choices until you highlight the list you want and then press
(ENTER]. Enter HSEQ, L5 and Y3 as the arguments and press to
execute the command. See Figure 30.

The regression equation is shown on the home screen and is also pasted
in the window. Draw the students’ attention to the value of the slope
before you leave this screen. See Figure 31.

Press to see both scatter plots and their regression equations.
It seems clear that the two lines are parallel. These graphs model a
transformation and give the students a concrete example to help them
understand transformations. See Figure 32.

Next, we have an opportunity to use some other features of the calculator.
To examine the slopes of the two lines, recall both slopes and have them
displayed on the home screen. To find the a value from the regression
equation that the calculator found, press and select 5:Statistics.
See Figure 33.

Arrow over to EQ and select 2:a. See Figure 34.

Press again when a appears on the home screen to see the value
of a. Next, recall the N-value by pressing N and then [ENTER].
Discuss why the values are not exactly the same. Find the difference
between the two slopes by typing N-a. The keystrokes for this are
N - and select 5:Statistics, arrow over to EQ and select 2:a.
The answer displayed in the example is the calculator’s form of scientific
notation and stands for 3.25 x 10~ which equals 0.000325 of a foot. See
Figure 35.

inFegCax+hy LHS
L& [ ]

Figure 30
LinkEe=g
J=gx+h
a=. 267935955
=, reod5E113
FE=, 9995245142
F=. 9995122395
[ |
Figure 31
Figure 32
Y=LUARS
1 mdo...
21 20apm...
S:G0E

Figure 33
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Figure 35
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Activity 8: Hooke’s Law: The Rest of the Story

13. The average student knows that 0.5 feet = 6 inches and that it is found by = o )
multiplying 0.5 and 12. Use the same procedure to multiply the difference
. . . LH271193983
in the two slopes by 12. The answer demonstrates that the difference in -
the slopes is less than 4 one thousandths of an inch. Encourage them to S 2OTHRZ22E -4
consider this to be so close to zero that for such an activity as we have HHSHEEIEISE'EIEE-#S-#E
performed, it is a very small amount of error. See Figure 36.
Figure 36
14. Use a similar procedure to explore the difference in the Y-intercepts. Recall b
that when we measured the cup it was 3 inches or 0.25 feet. c r2a3438113
See Figure 37. LOE3ES
C—k
 257E043587
|
Figure 37

WORKSHEET ANSWERS

1. Answers will vary.
L3 in the chart is the total distance (answer to #1) minus the values in L6.
L5 in the chart is L3 — ht of the cup (in feet).

. Number of candies
. Distance in feet from the bottom of the cup to the stick.
. Answers will vary.

. Answers will vary.

o o A 0 N

FL:HZER.L=

[k ogrrrevrereeeeey o By - I

7. Steepness (slopes) seems to be the same degree, but is in opposite directions.

8. Positive slope means the distance increases as the number of candies increases and negative means the
distance decreases as the number of candies increases.

9. The two Y-values will always equal the total distance from the stick to the floor.

10. Answers will vary, but the Y-values on both lines will be the equal to the other and equal to one half the total
distance.

11. Answers will vary.
12. Total distance from the stick to the floor.

13. The point of intersection is when the bottom of the cup is the same distance to the floor as it is from the stick.
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4 EXTENSION
° o

1.

N G e
AW N =

© © ® N o o »~ W N

Distance that the top and the bottom of the cup were from the stick when there were no candies in the cup.

Answers will vary.
Height of the cup
Answers will vary.
Same slope as Plot1.
They are parallel.
Answers will vary.

Answers will vary.

. Change in Ys divided by change in Xs . . . rise/run

. Change in distance per change in number of candies.
. slope; Y-intercepts

. positive

. increasing; decreasing
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N
Math Objectives: Materials: (Per Group)
» Graph scatter plots * TI-83/TI-84 Plus Family
* Analyze and graph linear functions  Data from Activity 7: Hooke’s Law
 Calculate and apply slope
» Discuss positive versus
negative slopes
OVERVIEW

In this activity, you will use the data from Activity 7 to create more lists and scatter plots and you will further
explore the properties of a linear function to develop a model for motion. Finally, you will interpret the values used
in your model. Your teacher will outline the procedure for you. Round all decimals to the nearest hundredth.

1. What was the total distance from the stick to the floor/CBR 27

Data from Activity 7 Lists created by formula using
Hooke’s Law Activity 7 Data
Number of Distance from | Distance from | Distance from
candies, L1 or the bottom the meter stick | the meter stick
HSEQ of the cup to | to the bottom | to the top of
the floor, L6 or of cup, L3 the cup, L5
HOOKS
0
3
6
9
12
15
18
21
24
27
30

2. What physical property is represented along the X-axis of Plot1?
3. What physical property is represented along the Y-axis of Plot1?

68 » EasyData Collection Activities

O 2005 Texas Instruments Incorporated




Activity 8: Hooke’s Law: The Rest of the Story

4. What is the regression equation you found to fit the data for the scatter plot of the distance from the bottom
of the cup to the stick vs. HSEQ (Plot1)?
5. What is the regression equation you found to fit the data for the scatter plot of the distance from the bottom
of the cup to the floor vs. HSEQ (Plot2)?
6. On the screen to the right, sketch Plot1 (L3 vs. HSEQ) and Plot2 (HOOKS
vs. HSEQ).
7. When you see both plots on the same axis, how are the slopes similar?
8. If both slopes deal with a change in distance dependent upon a change
in the number of candies, why is one positive and the other negative?
9. For 6 candies, add the Y-values from the two plots. Repeat this for other numbers of candies.
What do you get? Explain why.
10. What is the point of intersection? X = Y=
11. Multiply the Y-value of the intersection by 2. What do you get?
12. What other value is the same as this?
13. Explain what this means in your own words.
O 2005 Texas Instruments Incorporated EasyData Collection Activities ® 69
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4 EXTENSION
G

Draw a sketch of Plot1 and Plot3 on the axis at the right.
(Plot1 is L3 vs. HSEQ and Plot3 is L5 vs. HSEQ.)

What do the Y-intercepts represent in each equation?

What is the difference in the Y-intercepts.

What does this difference represent?

What is the regression equation for the scatter plot of the distance the top of the cup is from
the stick (L5) vs. HSEQ?

What do you notice about this equation and the one you found for the data in Plot1?

7. Physically, what is the relationship between the two lines?
8. For every 3 candies added, the distance the cup moved was approximately ft?
9. How many inches is that?

10. What is the mathematical definition of slope?

11. Describe, in your own words, the meaning of slope in relation to this activity.

12. In general, if two lines are parallel, they will have the same but different

13. If a line slants up as you move from left to right, will it have a positive or negative slope?

14. The X-values in this activity stand for the number of candies and the Y-values stand for distances. In
general, if the slope is positive it means the distance is as the number of candies is
increasing. If the slope is negative, the distance is as the number of
candies is increasing.
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