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Chapter 3

EXp(

App“cations of Inthis chapter, you will explore two common applications of
the Derivative the derivative, optimization and a related rate.

Example 1: Designing a cylinder

Many optimization problems involve volumes and surface areas. This example shows how to solve
a classic cylinder problem with the TI-89.

A right circular cylinder with a top has a volume of 355 ml. Determine the dimensions of the
cylinder with minimal surface area.
Solution

Define the surface area as a function of the radius. Compute the first derivative, set it equal to zero,
and determine the minimum point. You also can obtain the same result on a graph with the
minimization commands.

Solving numerically

1. Press [F6] Clean Up and select 2:NewProb to clear | I L i L

variables and set other defaults.

2. Store an expression for the volume to the variable v.

[2nd) [z] (] R (7] 2[x] H [STO»] VV[ENTER].

Store an expression for the surface area to the

el

S Pkb

RH[I RUTO FUNC 1730

variable sa in a similar manner. W
Tools|A13cbra|Calc|Other |Frami0|Clean Ur
2 2nd) [r] (] R (] 2 [#] 2[2nd] [r] (X] R [x] H[STO»] SA
ENTER
2

En-rsh+w h-r[-r‘2

l2-Jt-P2+2-JI-P-h-}Ea
2nrZe2 bomer

22+ 2nrdhds

HAIN FHD AUTD FUNC YD
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ADVANCED PLACEMENT CALCULUS WITH THE TI-89

Since the volume is constant for this problem, you
can use the solve( command to solve for & in terms of
7.

[F2)1:solve( V [5) 355 5] H 0] [ENTER

Substitute the result from step 3 into the surface area
formula to express the surface area as a function of r
only.

SA([1] ® [ENTER] [ENTER

Compute and store the derivative of your surface
area function.

[2nd) [¢] @ [ENTER] L] R DSA [ENTER

Use the solve( command to find the value of » when
the derivative is zero.

[F2)1:solve(@ [ENTER] (=] 0 (L] R[] [ENTER

To see a decimal estimate for the value, press [¢]

ENTER].

Fir] Fe~ [F3~| Fi~| FE Fa-
Tool5|AT13ckr alCalc|Okher |Frarml0|Clean Ur

" h3u hem-r=s

82 rZ4e2mrhdsa
2Rl 4Tk
B zoluely = 355, k) h=i52
nr

FLUNC

Fi=] Fex [F3~]| Fa~ | FE Far
Tools|A13cbra|Calc|Other|FramlOjcTean Ur

Bepluelw=355,h1 h=

S50

S LHr 2
MAIN KAD AUTO FUNC 430

Fix| Fex |FEv| Fu=| FE F&~
Touls|i13cbralCale|Other|Framin[clean Ur
= T 1T
2-mr

—
rig
r~

'i[E-Jt-r*2+

ar ]+d5a

4emer - —

RAD ALTO

Fi=| F2= [FZ=| Fhi- FE FE~
Tools|A1AckrafCalc|Other [FEaml0jClean Ur

F"é

FUMC EAz0

l501ue[4-n-r~— = =0, r
r
. 3551752273

2-n1/3

Solue L= L0 2=0, )
AN RAD AUTO FUHWEC B30

Fir Fer TF3=| Flir FE Fa~
Tools{AT3sbralCalcf0thsr |FrAmi0jClzan Ur

_ 355732203
2-n1/3
lsnlue[4-n-r‘—l§=ﬂ,r
r

= 3.83722
soluel 4Hmbr—7 10-r"2=0,
MAIN RAD ALUTO FUMEC 0

© 1999 TEXAS INSTRUMENTS INCORPORATED

03diff.doc .

Stephanie M. Watts Revised: 03/22/99 7:58 AM Printed: 03/22/99 7:59 AM Page 28 of 6



03diff.doc .

CHAPTER 3:

APPLICATIONS OF THE DERIVATIVE

29

To test that the point is a minimum, you can compute
the value of the derivative at a point on each side.
First, test a point on the left.

DSA (1] R[5 3.8 [ENTER

Now test a point on the right.
® (=] 9 [ENTER

The derivative values imply that the curve is falling
and then rising, so your value is a minimum point.

Alternately, you can use the second derivative test to
test that the point is a minimum. There are two ways
to compute the second derivative. Since dsais the
derivative of sa, you can differentiate dsa and
evaluate it at the value of » computed as the critical
point in step 6.

You also can compute a second derivative of sa at the
same critical point. Recall that a second derivative is
computed when a 2 is used as the third argument of
the differentiate command.

Compute the height of the cylinder using the value of
r from step 6.

355 [ [n] R(2]) 200 @ (11 times) (ENTER) [ENTER]

Fir| F&r [Fa=| Fur | F5 FE~
|Too1s ﬁ13tbr’u|l:u1c Other|Framin|cizan U
2-:11/3
L] 5nlue[4-n-r~ - ?lel =M,
r
I =3.83722

“1.41677

KAD ALTO FUNC BA50

» i (4z5) | r = 3.53721524501

KAD ALTO

FUNC

[ Fivl Fer [Fa=| F=] FE Fa- ]
Tools|Aldcbra|Calc|0ther |Framid|Clean Ur
7ig
" solve(d4-mor - 5 =0,
r
r=3.83722
mdza| =38 -1, 41677
2.32903
FUNC /50
Fir Fer [FZ=] Fhi- [ [
Tools|A13cbralCalc|dther |Frarmld|Clean Ur
®dza|r=3.8 Sl 41677
mdsa|r=3.9 2.32903

Fi- Fer |[Fi=| Flr FE [
Tools|A1dcbrafCalcOthsr |Frami0jClean Ue

2
L (es)|r = 38372152450}
dr

37.6991

Rlza,r, 20 | h=3. 83721024801,

HMAIN KAD AUTO FUNC 1730

mdsa|r=3.8 -1.41677
mdza|r=3.9 2.32903
oL (sa)| r = 3. 837215248000
55 e 2y

HMAlN ERD AUTO FUMC 410
Fir Fer [FZ=] Fhi- [ [

Tools|ATdcbralCalefdthsr |Framid|Clean Ue

» L (dza) | r = 3.53721 52450

A7 6991
355

. | = 3.83F21532480156
nr

T LN
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ADVANCED PLACEMENT CALCULUS WITH THE TI-89

Solving graphically

1.

Press [+] [Y=] to display the Y= Editor. Press as
necessary to delete any functions. Define the
function (the surface area formula from step 4 of
Solving Numerically).

2 [2nd] [x] X[~] 2[#] 710 (3] X [ENTER

Press [¢] [WINDOW] and set the Window variable values
as shown.

Press [¢] [GRAPH] to graph the function.

To compute the minimum point, press Math and
select 3:Minimum. Now use (¥, or type a value to the
left of the minimum point, and press [ENTER]. Press ()
or type a value for the right bound. The coordinates
of the minimum point are displayed.

To compute a minimum on the Home screen without
using derivatives, press [HOME] to return to the Home
screen. Enter the command:

6:Min(Y1[J X ] [ X[ [ENTER

-FLOTS
gl=2 - m-x +lel
Y=

3=

ud=

a=

FAlY
Fir] F2r
Tmﬂ! ECTIy]

FAlN EAD AUTO FLUHC

FAIM EAD AUTO FUNC

Upper Bound?
IZ.EFERT yci310, 651

T'|'PE OF USE €314 + [EMTER] OF [E£C]

[\

Mlnlmu
3. 83721 UciZry, 545

MﬁIN KAD AUTO FOHE

Fir] Fer [F3~| Fi~| FE Far
Tools|A13¢bralCalc|Okher |FFAmI0|Clean Ur

w = [P = o Tar S 3IF5T 00

L
T 07443

B EMinlulc, ©)
_ 355l a3

2.ql73

ar ® =0

FHintul
HilH Eib AUTO FUHT FEREL]
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To see a decimal estimate for the value, press @ [rE 3o 2o o] e bbeee e seninlcadin e
ENTER]. T.E7443

B PMinlgls, =)
_ 3551/322/3
e 2173
M inlglcsd, ®) ®=3.83722
FHintgl Cxd,
HilN RO ALTD

ar =10

FUNC 13430

Example 2: Related rates

Many related rates examples investigate how the rates of change of two quantities are related. This
classic sphere problem is done by considering both the volume and the radius as functions of time.

A spherical balloon is being inflated so that the radius is increasing at a steady rate of 2 cm/sec.
Find the rate of change of the volume at any time ¢, and at the time when the radius is 8 cm.

1. Press [2nd) [F6] Clean Up and select 2:NewProb to clear SR IR [ M L

variables and set other defaults.

2. To define a volume function, press Other and select

1:Define. Enter the volume function as shown. Note " Define witd =43 me(rot)”

that the radius is actually a function (%) and that two p— — n Done
. lefime witi=4--ZpiprCt) a3

sets of parentheses are needed to cube the radius. T T T T

3. Compute the derivative. |TEH§ msr-zzl;rulcrugﬂ': i R
" Define witi=4-3 m-[rit))"
[d] V T E] T ENTER Dahe

l—ddt(u(tﬂ
- 2 _d
4-m-(ritl) dt(r*(t.‘.l)

HI - RHIII RUTO FUNC 30

. dr . ) [Fiv]’ Fz- ]rer ruvI FE I _]—]rsv
4. Substitute 2 for i in the previous result to find the Toote]f13ebralCac|ither Pramijclean Ue
t

4-m-(rean® e (re)

volume for ¢.
@ [ENTER] (1] [ RO TO]GE] TO] [E) 2[ENTER

w4 (e (e | 2
8 n-(ritn)?

(it Lo ldiroty, ta=2

KAD ALTO FUNC 330

5. Use the previous result to find the volume when the (T I R e e

radius is 8 cm. "t
nqm(roen® (e |2
@ [ENTER) (1) RO T[] [5) 8 [ENTER y?
gm0t

alz-m

430
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32 ADVANCED PLACEMENT CALCULUS WITH THE TI-89

Exercises

Exercises 1 to 4 involve a right circular cylinder with no top that is constructed from 100 square
cm of material.

1. Determine the volume as a function of the radius.

2. Compute the derivative of the volume function.

3. Use the derivative to determine the dimensions of the cylinder with maximum volume.
4

Compute the dimensions of the cylinder with maximum volume directly, without use of the
derivative.

Exercises 5 and 6 involve a spherical iceball that is melting in such a way that the volume
decreases at the rate of 6 cm’ / sec.

. d .
5.  Compute the derivative d—: at any time ¢.

d
6. Compute the derivative d_: at the time when the radius is 1 cm.
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