A Pedi for the Lady...
And Other Engaging Calculus Activities

Deedee Henderson I
Oxford, Alabama o
deedeehenderson@aol.com
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Sorting Cards Activity

Cut the cards out and sort according to each activity.

|. Continuous vs. Discontinuous at x=3

[I. Limits that exist and that do NOT exist at x=3
[1l. Derivatives that exist and that do NOT exist at x=3
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Discovering Derivative Rules
The derivative of a function represents the behavior of the slope of the function at each point along its domain. Given Y, graph
Y’ and Y” in order to discover methods of formulating derivatives analytically. Below each graph, write the equation you think
would produce the graph of the derivative and then check by graphing it as your Y4 graph. Repeat the process for Y”.

B B B
1.{Graph Funec :Y= 2. Grap? Func :Y= 3. |Graph Func :Y=

YIEZ—S [—] YlEx—S [—1 YIE%xS—Zx [—1
YQEE(YI)LC:’: [—1 Y2=d_(Yl)| B [— 7 =

x x=x Y2=d—(Y1)| _ [—1

x x=x

DELETEI TYPE ] TOOL 'S,EI:E[}T DELETE] TYPE J TOOL Jr¥laaloJs¥t SR DELETE] TYPE J TOOL JIE0Ia| DI
B B 3

B ey ey

¥ ¥ ¥
2 1
X

1 § 5 4 8 2\ 1gl L jz 38 4 5 &
X -1 X
5 5 4 8 2 Igl iz 8 4 5 & 5 5 4 B8j2 ITgN I 28 4 5 &
-1 2 -1
-2

]

8

V= V= V=

y"= yn= yn=
El E El

4.|Graph Funec :Y= 5. |Graph Fune :Y= 6. |Graph Func :Y=
YIE2os X [—] YIEsn 2% [—]
Y2=W(Y1)|x=x [—]1] Y2=W(Y1)|x=x [—]1] Y2=W(Y1)|x=x [—1]
vAa- r—1 vAa- r__1 vAa- r—1
alEmdlnFI FTET TYPF | TNt (YT IsT=r3a RalFndlnFl FTEI TYPF | TNI [Tl IsT=ra (SRR N ST LANFYIDR AW
E] B B
1.5¥ y

/NN DN\ A A A
7 \/ \/3 \/ \ V4 7 N/ RS

-2
-1.5]

!
y = y = y =
yﬂ_ yﬂ_ y|'=
[ E B
7.|Gra Func :Y= 8. |Graph Func g9 |Graph Func :Y=
- viz L —
Y2= (Y1), [—1 o V2= (Y1)| [—1
Y2=d—(Y1)| _ [—1 x x=x
x x=x
B MathRadMorn] Real B MethRadMNorn]] [Real ]
4

y ¥y ¥y
1 2
" FE— AX 8
6 N4 5 - /234 1 5
/ T & 7 @ /




Comparing characteristics of f, f, and f”

Using a graphing calculator, produce the graph of f(x)=x"+5x" —3x* -20x 4. Adjust the view window so that

all of the critical values are visible. Now graph the first derivative. If you graph vertical lines at the points where the
first derivative is zero, what do you notice?

Return to the graph entry screen and graph the second derivative with the function. Graph vertical lines where the
second derivative is zero. Do you notice any relationship between the two graphs?

Lastly, graph the first derivative and the second derivative. Graph vertical lines where the second derivative has a
value of zero. What do you notice?

Using some “ideas” about derivative graphs, model a possible first and second derivative graph
using a Wikki Stix that could be produced by the following functions. Use a different color Wikki
Stix for the first and the second. Once completed, compare with your partner.

El E MathDegNorml @)
¥ [y
2.
1.
X
5 2 ] 1 o 1 ) 3
1. 2. -4
X
_'1 _"‘_) -2F
E Bl [HathDegHornl )
v ] T /
i i R R -é'/lééx
3. 4,
_3_
_.4..
El E [(Math)[Rad[Normi) [a*bi)
y -y
1-
o
0.5+ 1+
5- | | | | x 6- | | -"-h-____-x
3712 7123 # F——t—t__1 -3 2 -1Q| 1 2 3
-#'st -1r
_2_
_1_




Did you know that D=RxT is connected to velocity, integration, and the area under a
curve? Let’s see how this simple concept is considered to be CALCULUS!

1. Texas Pete is on I-20 moving west at the rate of 60 mph. At 1:00, he presses the cruise control on the car

and then lets the car travel at this steady rate for 3 hours. E] .
¥y

a) Draw a graph for this problem representing the
3 hours from 1:00. 60}

50
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d) Find the slope of the graph and describe its meaning with , , X
respect to the problem. 0 1 2 3 4

b) Find the area trapped between the graph and the x-axis.

c) Describe the meaning of the area in context to this problem.

2. Professor Ben Dover is going from home to work. It is a straight path from his home to work with no
stops along the way. It takes him 6 minutes to get to 48 mph. He then travels at 48 mph for 18 minutes and

then it takes him another 3 minutes to come to a stop. 8 [Fh o &5
| a I | orm I aTDl

¥
481
a) Draw the graph of this problem. a2t
361
b) Find the area under the curve and state the ol
meaning of this area as related to this problem. 18}

121
st

0 3 B 8 12z 15 18 21 24 27

c) Find the slope of the first six minutes and the last three minutes. What do these numbers represent?

3. After a hike in Muir Woods, Sasquatch is filling his hot tub with hot water using his on-demand
water heater. As time passes, the hot water is dispersed more slowly. The table below states the
rates at which the heater fills the hot tub at 20 minute intervals. If the hot tub initially had 10 gallons
in it, how many gallons are in it at the end of 120 minutes?

Time |0 | 20|40 |60| 80| 100|120
min
Rate | 50|46 |46 (40 |35|30 |20
gal/min




A Pedi For %L%

1. Estimate the area in square inches trapped between the curves outlining the shape of Lady Liberty’s big toe nail by counting
squares. Each unit in the picture is equivalent to about .45 feet. Round final answers to tenths place.

Area= square units Area = square feet

2. Color/Highlight the appropriate area by each of the following Riemann Sum Methods using 4 equal sub-intervals.

Right-Hand Left-Hand
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3. Estimate the area by each of the following methods using 4 equal subdivisions.

8 8
Right-Hand= ledx ~ sg. units Left-Hand=fY1dx =~ sg. units
0 0

8 8
Right-Hand= ledx ~ sq. feet Left-Hand=fY1dx ~ sq. feet
0 0



/‘4 pﬂ% FM fﬁlﬂ/é continued.......

4. What is the significance of the 0 and 8 on the integral to this problem?

What could be done to make this method of estimating more accurate?

What width would each rectangle approach if an infinite number of rectangles were “squeezed” in between 0 and 8?

5. Find Quartic equations modeling the toenail’s shape from above and below of the Statue of Liberty’s big toenail. Enter the
coordinates where x-values are integers into the regression feature of your calculator. Round values to the thousandth’s place.

Upper Curve: Y1= Lower Curve: Y2=

(Usually I do not give the values. | have students estimate values from the graph in order to have slightly different answers.)

X |y X |y

0|-2 0|-1
1|28 1|-6
2 (4.2 2|-8
3144 3(-9
4145 4 -1
5|44 5(-9
6|42 6|-8
713 7|-6
8|-.2 8|-1

6. Enter an equation that represents the trapped area using the equations from step 5. Find this area by integrating between
the x-coordinates of the intersection points. The x-coordinate of the intersection points provide the lower, a, and upper, b,

values for the integral below.
b
a= & b= Area:f[(Yl)—(YZ)] dx =

a

7. An ounce of polish cost about $25 per ounce. It will cover approximately 20 square feet. Use this information to come up
with a reasonable estimate for painting the toenail on the largest toe. Then give an estimate for painting all ten toenails.
Provide justification and work for your estimate.

8. Research and the state 5 interesting facts about the Statue of Liberty that you did not already know.
1.

2
3
4.
5



Slicing a Mushroom: Finding Area and Volume Activity
1. Estimate the area, in square inches, trapped between the curve and the x-axis by counting squares. Area
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2. Lightly color the area covered by using the Midpoint Riemann Sum Method with 6 sub-intervals, each 1-inch long. Use a
different color for each rectangle. Estimate and record the area covered by this method.

3. Find the polynomial that best fits the mushroom’s shape by using the regression feature of your calculator. To increase
accuracy, use the points from the integer and midpoint values on the graph.

Yi=

4. Graph the equation from step 3.
b

Find the area by “integrating” between the roots of Y1: Area = ledx =
a

What do the roots represent in context to this graph?
6

Find the area by using this integral: Area: ledx =
0

What is the significance of 0 and 6 on this integral?

5. Compare the calculations for the area in step 2 and 4. What could be done to make these estimates better?



6. Now....Imagine the shape being spun about the x-axis in such a way that it forms a solid. Find the volume of this solid using
the same 6 divisions as in step 2. Each of these divisions forms cylinder-like slices with the height of the graph at each midpoint
representing the radius of a cylinder.

Volume of any cylinder: V=

Volume of this figure estimated by using 6 cylindrical slices: V=

7. Using the equation from step 3, find the volume of this solid by “integrating” between the x-intercepts.

6
Vqume=7rf(Yl)2 dx = What does Y1 represent in this expression?
0

Using the Casio Picture Converter, any picture can be imported, and then many explorations can be done.

Bl Press [OPTN] B [EXE]:Plot [EXIT]:End

E]

Quar tReg
a =-0.040
b =0.606

J

8. How does the area found using this method compare to the

estimates found in steps 2 and 4?

Jdx=15/8103959

6
9. Estimate the volume by substituting the quartic equation into V' = ﬂf(Y1)2 dx and calculating the integral.
0

(Based on the derived equation for Y1, the volume is approximately 145.651 cubic inches.)

10. How does this compare to your answer in question 67




What calculus can we take back to
our students from San Francisco?
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