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Identify your calculator

Be sure that you know how to identify your calculator
(or a calculator that you have been assigned).

The T1-83+/84+ and the T1-83+/84+SE
have hard-wired
Identification Numbers.

Go to (2nd) Mem and choose 1: About. The number listed after ID: will be the calculators unique
Identification Number. Be careful when reading the 8's and the B's. The 8's are blocky and the B's are
more rounded on the right hand side, as you can see in the Identification number listed below:
(ID: 0A33F-17FBA-F686).

g:ﬁggaut TI-BYFPlus Silver Edition

: Mem Mamt.-Del.. — ugf;_"“?z_(;. Operating
JiClear Entries 18 System
4:C1rAllList=s ID: 0AZ3F-17FEA-FGBE

2sArchive
&2 UnArchive

TlRezet . Helr: education.ki.com

Be sure to record this Identification Number

in a secure location.

If your calculator is lost or stolen, you will most likely be asked to identify
the calculator by this number.
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The Basics: Characteristics of the T1-84+

T1-84 Plus HOME SCREEN: This is
where most calculations will
take place. To access the

home screen at any time-
press 2™ QUIT.

CONTRAST: If your screen
is visually too light or too
dark, adjust the contrast by
pressing 2™ and Cursor UP
to darken or DOWN to
lighten.

Genghing Kays

Advaraced
Fencoan
Moya

KEYPAD: The keys on the
TI-83 and TI-84 have many
functions. To access the
options above the key use
either the 2" or ALPHA key.

THE EQUALS SIGN:

The T1-83 & TI-84 do not
have your traditional = key.
The ENTER key on the
bottom right corner means =.
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Clearing an Entry or Error

1. If you have entered the wrong number or letter, set the cursor on the error and enter the
correct information

2. If you need to delete a number or letter, set the cursor on the error, and press the DEL key,
located next to the cursor.

3. To erase the entire line, press CLEAR, located underneath the cursor, once.
4. To clear the whole screen, press CLEAR twice.

Example:

3—-6+12 =

Let’s say your calculator looks like this:

J+e+120

To fix the problem, press LEFT CURSOR until it blinks over the + sign.
Then, move cursor to the place of the mistake and simply press — to correct the problem.

Inserting a Character

To insert a number or letter, set the cursor on the character to the right and then press 2ND and
INS. You may enter as many characters at that point as you wish without pressing INS again.

Example:

Enter 23 + 4
Change it to read 212 + 4

Step 1. +d Move cursor back to “2”. Press 2ND and INC.
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Step 2.

Step 3.

10

1_7+4

Type “1”. After that, the number “2”” became to blink.

127+4

Move cursor to the end of the phrase.

Recalling Previous Entries

Sometimes, it may be necessary to recall a previous entry, or modify a calculation. By pressing
2ND and ENTER, you can access and edit prior actions.

Example:
13¢
169
13¢
. 1659
13
13-
. 1659
13
L 2E561

Suppose you just calculated 132, and you wish to find 13* but you
need to keep the present value also.

Press 2ND and ENTER and move cursor to the 2 position. The
number “2” became to blink.

Press ~ and 4 and press the side bottom » of the cursor and ENTER.
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Entering Expressions

Expressions are usually entered as they appear in print. The calculator is programmed to follow
the order of operations. The answer will appear on the right side of the screen

Example:

ekl Ae—-18+15 Evaluate 27a - 18b, fora = 136 and b = 13
o 3438

Press 27 x 136 — 18 x 13 and ENTER

Adding and Subtracting Fractions

The TI1-84 can perform operations with fractions. Often, the answer is expressed in decimal form,
but it can easily be transformed back into a fraction.

Example:

1 1

2 3

124173 Press: 1 -2+ 1=+ 3ENTER
L S S

W 1724173 In order to change this answer back into a
FErac LB3333333E3 ian-
= kD s b s fraction:

EE 2” £| Press MATH key and select 1:=Frac.
TR n “| Press ENTER two times to get fractional
EifHing i

= LM Em equivalent.
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Power and the * Keys

To enter an exponential expression you must enter the base and then:
-- Press the key x?, if you operate with the second (square) power, then hit ENTER.
-- Press the key ~ and then type the power at the window, if you operate with the power,
higher than the second power. After typing the power press the keys » and ENTER.

Examples:

Find 1362
136°

{5d40g| Press136 x 2 and ENTER

Find 18°

157 Press 18 75 ENTER
1889565

Using the Root (V) Key

To approximate square roots on the graphing calculator, you must place the v/ symbol before you
enter the number. This is different than many scientific calculators. The ¥ symbol located above
the x2 key and can be accessed by pressing 2ND and x?.

Remember: The key v meaning the root of the second power (square root) only.
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Example:

Find V5

Press 2ND v/ 5) ENTER
2. 236867377

Find the root from the number with the power greater than second

1
Remember the transformation formula: Ya = ar, a > 0

Example:

1
Find 312 =123

1/
12 - Press: 12 ~ 1 = 3 the side bottom » and ENTER

Using the Correct Negative Sign

On the calculator T1-84, you may notice 2 negative signs.

The — sign, located in the right column, it is the subtraction sign. You use it for mathematical
operations like 7 — 6 and 34 — 45.

The (-) sign, located to the left of the enter key, is the negative sign. It goes in front of a number
to negate it. -4 would be entered by pressing (-) then 4.

This may take some time to get used to. If your calculator shows ERR: SYNTAX after you
press enter, you have probably used the wrong sign! This error gives you two options:

1) QUIT

2) GO TO.

QUIT brings you to the home screen whereas GO TO brings you directly to the error.
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EXAMPLE

-3 + 5 — 6 = should be entered as

A 4| ()3+5-BENTER
N

Using Parentheses

On the TI-84, grouping symbols, like the fraction bar, must be replaced by parentheses. This is
true for both numerical and algebraic expressions.

Example:

12(9-5)+4-3 _
32 4+1 B

c12ca-5a+4+30.-[ Press: (12(9-5)+4 x3+(372>+1)ENTER

&
o Attention: Your typing message cannot fit at the calculator’s screen
completely and it mark by the black triangle » , mean the mathematic

phrase still continued.

Evaluating Expressions Using the Table

The TI1-84 calculator have a table feature that enables the calculator to evaluate a variable
expression for different x values.
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Find the values of the function f(x) = —x? + 4x + 3 forx = {0,1,2, 3}

Al Floke Flok:

SVRY - LN L
=Mz=1

M=

“Ny=

wMe=

“ME=

HELE SETUFP
Thl5tart=@a
aThl=1

Indrnt.: [§EEs
Oerend:  [glREEs

Hzk
A=k

Step 1. Press Y= for enter the equation. The variable x is typing by
pressing the X, T, 8, n key.
Press: (-) X,T,0,n x*> + 4 X,T,0,n + 3.

Step 2. Check the tabulator. Press 2ND and TBLSET. You must be
sure that all value are on the right conditions, as on the picture. If it is
wrong, use the navigator key and fix it. As you will finish, press,
ENTER.

Step 3. Press 2ND and TABLE and select values from X and Y from
the given set.
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To controll Screen

Know Your Keys BRIGHTNESS

2nd - up/down arrow

DEFAULTE:

1. MEM (2nd +)
2. #7 Feaet

3. #2 Defanlts

A s bRt T1-83 M,

2nd ‘r’e]lpw Ggliag
(Cursoris an . e
U Arrow)
ALPHA green _ Arrowrs E
(Cursoris an &) mMOove CUrsor
i ™ Do , ENTER key
listing u:ufitems! i similar to = on

other caloulators

MODEG-T
Graph - Tahle

Tilt lid for easy viewing
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Home Screen Calculations are performed on
the home screen.

Press ENTER

S+C1l, B2 to see the answers.
B 53
Hris+3
o 3345
S 5, 5T Press Znd ANS to recall
B your last answer

MANTRA:

When in doubt... QUIT
and go HOME!

Press Znd ENTER to
recapture your last entry

Allows for
dr:ﬁedrent Both functions' equal
il signs are highlighted
and markings.  and will be graphed. W I HDDI-'-I
amin==01H
rlakl Flakg Flak=z ﬁl"’l-a}f=%|a
sSC1l=
~WiBRIAE+R—1 Vmin=-16 Standard Size
~N RV R—d Vmas=16 Wyind ow
~iz =l Yeol=1
wy= “ires=1
~Ne=
“WE=
M=
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Flakl Flaks Flok:
~MEREE+R—-1
~MeETHE—-4
W=
GRAPHING -
WIHOOLS
Amin=-2
:":I'"I-Elh{fz Pressing GRAPH will
:":E-E-].:]; display the two high-
I‘|"|"'I1|"I: 2 lighted functions
Ymax=16 entered in “y=".
Yecl=1
Ares=1
WzzRzen-1 [ Pressing TRACE
[ will engage the
“spider” on your
first graph. The
equation upon
which the spider
is riding appears in
o . the upper left corner.
w=i0 r=-1
Yi=Zuz+i-1

The leftiright ARROVY
keys will move the

spider along the graph
[ while showing you your
- coordinates.
' N Pl
w1 0pZAZ9H Y=z 4590212
YE=PH-Y [ 2
Pressing the UP (or
DOVYH) arrow will

move the spider to
the second curve.
Hotice the change in

' B = ) the equation.
w=1.7446809 IY=B.21=766
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value

P ZEern
SEmindrue
G2 Max 1
afihtersect
=he 1= Rgs b
R s

1

-
ey
b
==
K
+
==

-

—

First curye > =7 )
n=1.191489Y IY=4. 450401

-]

Second curve?
A=l 191488y 1Y=y EYyoyenh

7
s

-
s
1
=d
==
1
-

—

E.-

M 111 ——
n=1.191489Y4

e e L et

-

J

Intersection Points

Lse the CALC menu
(2nd TRACE).
Choose option #5

When asked for "First
Curve?", move the
spider along the curve
to the approximate
point of intersection.
Fress ENTER.

YWhen asked for
"Second curve?", move
the spider close to the
intersection.

Fress EMTER.

YWyhen asked for "Guess",
Just press ENTER.

Read the coordinates of the
intersection at the bottom of
the screen.

Intersechion ="
#=.089000055 |{=z.90000875
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Zooming

ﬁg MEMORY
o
s2oom Ik

. T
n=l.61/021s 1Y=1.6774919Y

¥=1.i4B9:6z Y¥=2.4193C4E

If you get stuck,
chooge Zstandard
to return to a normal
weind o,

Press ZOOM to see your options.

Option 6: Standard is the safety
valve. Zstandard will always return
you to the standard window settings

of 10 by 10.

Option 1: Zbox (Zoom Box) Use
arrows to move the + to the upper left
hand corner of your box. Hit ENTER
to anchor this corner. Use arrows to

move to the lower right hand corner

of the box. Hit ENTER.

You will now see an enlargement of
the area inside of the box.

Option 2: Zoom In
Move the + near the section of the
graph to be enlarged.
Press ZOOM #2. Nothing will
happen until you press ENTER.
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TABLES of function values

THELE SETLP Press 2nd ThlSet.
Thl S’r_,ar*t=l4 You can choose the value
IﬁLE&IE: 1 to start your table.
I:IE'F'E'r‘u:I; You can choose the increment value
within the table
(delta Thl= .1 in this example)
V-values for the first When in AUTO setting, the
function listed under %1 table values will be
"automatically" generated.
A ' Y
e I N R When in ASK setting, you
B .6H .2 will be able to enter
:E HE EEE the x-values you wish to
15 % X %-3 investigate.
s=.d
You can scroll up and down Arrowing ta the right will
within the table. Use your show tables of
ARROW keys. successive functions.
i Y Yz
Y 1.2 N
B -k 3.E
b .Q 3.6
a7 g a7
N:| 1.6 z.H
g .3 .8
b | K 4
Wa=3. 4
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Sharing Programs/APPS via Link

SR FECETVE
iHEeCce1we
To RECEIVE a program,
When linking press 2nd LINK. Arrow to
be sure that your the right to RECEIVE. Press
cables are pressed ENTER. It should read "waiting..."
in firemly.

To SEND a program, press

RECEIVE 2nd LINK. Arrow to #3 Prgm
gH11+.. or #C APPS, hit
3 Er{é; ENTER. Arrow down to the
d:lizt program(s)/APP(s) you wish to send.
S:lists to TISZ. Hit ENTER when you reach
&:GOE.. the program. A small diamond will
rdPic. appear in front of the name.

Arrow to the right - TRANSMIT.
To RUN a program, press PRGM. Select the name of the program. Hit
ENTER. The name appears on the home screen. Press ENTER.
To EXIT a program at any time, hit ON and choose QUIT.

The TI1-83+/84+ use 5 batteries: 4 AAA alkaline batteries and one
lithium battery. The lithium battery provides auxiliary power to retain
memory while you replace the AAA batteries. When the battery voltage
level drops below a usable level, the calculator displays a warning
message when you turn it on.

When replacing batteries:

- Do NOT remove both types of batteries (AAA and lithium) at the same
time.

- Do NOT mix new and old batteries. Do NOT mix brands of batteries.
Install batteries according to polarity (+ and -). Always turn off the
calculator when replacing batteries.

- Please, dispose of batteries properly.
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Basic Use Skills

Things to keep in mind when using your graphing calculator to solve number problems:

1. Do not confuse the subtraction key with the negation key.

i =
o=

When you look at the subtraction symbol on the
screen, it will appear to be slightly wider and lower
set than the negation symbol.

2. There are two basic ways to square a value.

Classic Mode:

G
25
a2
25
|

The caret symbol (*) can be ?qua;rmg”can be acc{:-n:_q)_llshed by using the
used to raise a value to any squared” key or by raising the value to the
power. power of 2 with the use of the ” (caret) symbol.

MathPrint mode: the * (caret) will move
you up to the exponent position. Type the 2.
Now, you will REMAIN up in the exponent 5° =

position until you hit the right arrow to return 5 <@ [~ positions exponent
to the base line. =20 g :

after entering 2, you are
still in exponent location

S°N
Simply h:.lttl.l']g ENTER after the _2 will eng_age =e- get in the habit of hitting]
the squaring process, BUT... get in the habit of right arrow to go back
using the right arrow after entering exponents, to the base line.
as you will need this skill on future problems.
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3. There may be a need for parentheses.

Classic Mode: -3E °
TCle+2 - )
4, Z4264BEET LR 5
JClex+2
: & Parentheses are also important when
Be careful with parentheses. Some evaluating expressions. Remember that
functions, such as square root, in the order of operations, if there are no
automatically start a left parenthesis for parentheses present, powers will be
you. YOU must be sure to tell the done BEFORE the assigning of negative
calculator when to close the parenthesis. status.
MathPrint Mode: -3¢
-.I 150 <e |stays under until -9
told to move - Z
)
J1Ee+2 e
(= Same as the Classic Mode.
J16+2
4. 242648637

Numbers will stay UNDER the radical

sign until you hit ENTER, or until you

hit the right arrow to move out. Get in

the habit of moving out from under the
radical sign.

4. There are several ways to deal with the radical symbol.

gl]é HUM CPs FPRE
FEac

Hy 30 =T

R

EEE
St [
B:fMing
The square root symbol is 7 Mas
above the "squared” key. The cube root and higher roots are found

under the MATH key (in both modes).

Classic Mode:

N When finding a higher root, enter the root number

o first, then use MATH #5, then type the value.
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When finding a higher root, enter the root number

MathPrint Mode: first. When you use MATH #35, the root will be
B I transported to its correct position and the root
= symbol will appear. Remember, after entering the

number under the root symbol, hit right arrow to
move out from under the symbol.

Mode Key

Hit the MODE key:

Classic Mode: MathPrint mode adds a second page:
iTE  =CI ENG TEACHK T
1y n1zz4567819 CLAZZIC
Gl DEGREE Uned
FAE FOL =ER ANZHERS: DEC _ FRAC
INNECTED IR GOTOFORMAT GEAFH: [ YEZ
1.;' SIHUL ZTATDIRGNOZTICS: OFF [
3 d+bi  FetaL ETATHIZARDS: !i!!! OFF
HORIZ G-T ZETCLOCK
HNEXT 4
The shaded choices are set by default (meaning they are turned on unless you change them). Notice that the
MathPrint mode (if available) 1s turned on by default. You can change back to Classic mode, but vou will need to
move to the statement CLASSIC, and press ENTER to highlight (engage) that choice.

Available Options:

Notation modes only affect the way answers are displayed on the Home screen.
Numeric values can be displayed with up to 10 digits and a two-digit exponent.

12345.6789

12345, 6789 NORMAL notation displays digits to the left and right of the decimal point, as

entered.

NORMAL It 1s the usval way we write numbers. In NORMAL mode, 1f the number 1s bevond
10 digits, or the absolute value 1s less than 0.001, the calculator will express the
answer in scientific notation.

12343.6739 _ L . ) . :
1.234567894 SCI (scientific) notation displays one digit to the left of the decimal point, with the

remaining significant digits to the right of the decimal with the appropriate power of
SC I 10 displayed to the right of E.

123415é :5.3?48595?39 EZ ENG (engineering) notation displays the value with one, two, or three digits to the

left of the decimal point, with the power of 10 exponent expressed in multiples of

ENG three.
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FLOAT (means floating decimal point) displays up to 10 digits plus the sign and the decimal point.

01234567 89 (fixed decimal point) specifies the number of digits (from 0 to 9) to display to the right
of the decimal point. Mowve the cursor to the desired number of decimal points and hit ENTER.

RADIAN: interprets all angle values as radians, with answers displayed in radians.
DEGREE: interprets all angle values as degrees, with answers displayed in degrees.

FUNC (function): plots functions with Y being a function of X.
PAR (parametric): plots relations with X and Y being functions of T.
POL (polar): plots functions with r being a function of theta.
SEQ (sequence): plots sequences

CONNECTED: draws a line connecting each DOT-: plots only the calculated points of the funciton.
point calculated of the function.

SEQUENT TAL: this choice evaluates and plots ONE function completely before the next function is
evaluated and plotted.

SIMUL (simultaneous): this choice evaluates and plots ALL functions for a single value of X and then
evaluates and plots them ALL for the next value of X.

REAL.: complex numbers are not displayed unless entered as input.
a + bi: (rectangular complex mode) complex numbers are displayed in @ + bi form.

reOi- (polar complex mode) complex numbers are displayed in r¢?! form.

FULL.: use the entire screen to HORIZ.- (horizontal) displays G-T: {graph-table) displays graph
display a graph graph on top half of screen, with Home  on the left side of the screen, with
screen (or editor) on the bottom half. the table screen on the right half.

"-\ ‘j.’ b N
2 1|
: |
A 45¢ iy 1Yy
i 2A25 : |5

SET CLOCK: The clock allows you to set the time, date, and clock display.
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MathPrint mode adds a second MODE page:

TEACK T
CLASEIC
Uned
ANZHERS: DEC  FRAC
GOTOFORMAT GRAFH: [ VES
STATDIAGAOSTICS: OFF [0

ETHT HIZARDS: !i!!! OFF
SETCLOCH

n/d U n/d: factions displayed as an improper fraction OR. as a mixed number.

ANSWER:

AUTO: Inte ger input vields integer output; integer and fraction (no decimal) input yields fraction output;
decimal input vields decimal output.
DEC: output is always a decimal (either exact or approximate depending upon the input).

FRAC: output will try to be a fraction when possible.

GO TO FORMAT GRAPH: Selecting YES will automatically go to the
FORMAT screen. The YES will not lock.

FORMAT

STAT DIAGNOSTICS: Diagnostics ON turns on the display of  and » 2 when calculating statistical
regressions. This option is just a shortcut to turning the Diagnostic ON through the CATALOG.

STAT WIZARD:
From STAT CALC: From STAT CALC:
EDIT TESTS EDIT TESTS
1:1-War Stats 4tLinkealax+b
2=War Stats 2t FuadkRea
: Med-Med E:CubickEeg
dilinkEeaax+h 7 HyartRea
2 Quadkeg 2iLinkeaCatb
i Cubickeg 2:LnFEeg
rdbuartEeg SExFReg
YOU NOW See ... YOU NOW See ...
- ar SEaks R < Fi: 3
mlistilA mlistilA
Y1istil: Y1istil:
Frealist: FrealList:
Calculate Store REedER:
Calculate
Note: For most situations, leave FregList blank. Note: For most situations, leave FregList blank.
Freqlist accepts list names only! Freglist accepts list names only!
When left blank, the frequency is assumed to be 1. When left blank, the frequency is assumed to be 1.
After choosing Calculate (ENTER). you see ... Include Y1 (or other Y location) as the Store RegEQ.
Shortcut for Y1 1s ALPHA F4 ENTER.
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Sw=1. B7RSTE693
Tx=1. TATEES ] 20
Lh=6

This 15 a temporary results screen.

Pressing CLEAR. will return to a blank HOME screen. If

vou need to see the results again, arrow up on the HOME mlistila
screen and press ENTER. Wlistilz
F—/sr Siatz [.]F e ey
are =1=] R |
Dohe Calculate

After choosing Calculate (ENTER), you see ...

Note that lines in MathPrint mode scroll left and right. Hf?*bﬂ}‘:
Lines in Classic mode wrap on the screen. E;E
re=1
r=1

This is a temporary results screen.

Press GRAPH to see the plot and the regression equation.

Basic Graphing

Both Classic Mode and MathPrint Mode

1. Enter equations into "Y =" area. (Be sure the PLOTS at the e s a}‘: e m;ha_IeEI;ngl'éiﬁhtei
. A I . etot t t
top of window are turned off.) When the = sign is highlighted, the moveto e & °

deselect.
graph will be displayed. Flotl Flotz Flots
Typing Options: M E2RE-2
Y1=-0.5x+3 SRS
Y1=-1/2x+3 :H;
Y1=(-1/2)x+3 wMe=
The symbol to the far left of the equation mdicates the style of :3 g:

graph you will see. For example, the -0 symbol will be an Since the equal sign i the second graph
animated "bubble" with a trailing graph. To change these options, _ _ 2. is not highlighted, the line will
move to the far left and hit ENTER. With each hit, another choice | . Sl Ieithet Ao = s
will appear. If you go past an option, keep hitting ENTER and it move to it and press ENTER.

will reappear.
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[ Floti Flotz Flatz
\'*‘»"r' 1 =Enormal line
"' 2= thick line
M. 2 =gshade greater than
k""'Yy=shade less than
% £ = animated bubble trailihg line
0% 5 =animated hubble no triil

-5 7= dot mode
2. Choose the viewing window. The MEMORY TTHOO
ZOOM key will let you chose various il =1 Amin=-l@
pre-set windows. The most common %: %ggm EIE i ﬁgg:‘f: % A
choice is #6 ZStandard which gives a 4: 70ecimal Umin=-1@
[-10,10] by [-10,10] window. a8 ZoEuare Ymax=16
Note: This window may be simply referred to as %%E?Edapd EE‘E 1 f %
a 10 x 10 window, implying 10 units in all res=
directions.

If you prefer, you can control your own viewing window by choosing WINDOW. The window shown
above was the result of choosing #6 ZStandard.

3. Hit GRAPH to see your graphs. Notice that the second graph,
v = 2x, did not graph. To see the graph, the = sign must be highlighted.

4. If you need to find the roots of the equation (the x-intercepts) you

=
may choose #2 ZERO from the CALCULATE menu under CALC EE!!%IE]'L.___. alue
(above the TRACE key). The calculator will prompt you for responses. s Zero ﬁ

iminimu

Mz 1 MU
fintersect
s ol
R s

3
3
If you need to find points of intersection between two graphs, you may |5
choose #5 INTERSECT from this same menu. %

“ h THELE SETUF
5. If you need to see values relating to the | & Thlstart=-2
graph, go to the TABLE (2nd GRAPH). You| ¢* | % palelsd
can control what you see in the table by going : : DerFend:
to TBLSET (2nd WINDOW). P 12
w=-2
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Graphing Tidbits
Both Classic Mode and MathPrint Mode

1. To find the y-intercept:

Hit the TRACE button. The spider will always start on the y-axis,
showing the y-intercept.

2. To find the x-intercept:

Hit 22d TRACE button, #2 ZERO (called the "Root Key") allows
you to find the x-intercept(s).

When asked for the Left Bound, move the cursor to the left of the
intercept. Hitting ENTER will place a marker on the screen. For the
Right Bound, move to the right of the intercept. Hit ENTER twice.

1= -1/ Eh+z =1/ n+z
k k 1

e =S

EEa ¥ GU&SST
=H.Ei0ezB: I¥=-1.2E55x18 n=B.Fi06zBz IY=-1.zEE>18

I
i

3. To find where the graphs intersect:

Hit 224 TRACE button, #5 INTERSECT.
When asked for the First Curve, move the cursor near the point
of intersection you wish to find. Simply hit ENTER three times.

YE=HE=-2 YE=Hz=2 QL

\.E/ B

cond CUFYeT OuUess?
1.91489=6 1¥=1.6660176 n=1.91489z8 I¥=1.6668176

te
n=

=1/ EH

n=0

N e T R

LeftEaund?
bl L frd o o

i/

==rd
-~
-
=

Y= -1/2n+z

|

H Tad
=1
L

FYe?
B8:a

=
=

==
11
[

I

LA I

Inkgrseckion
n=e
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4. To find a specific value while tracing: L
When tracing a graph. you may not be able to find the specific

value that you desire by moving the arrow keys. To find your \ i /
specific value while tracing, simply type the x-value that you are
looking for and hit ENTER. The cursor will automatically move to
that point and yield the y-value, if the x-value is within the viewing |
window. If your needed x-value is outside of the viewing window,
adjust the window as to contain the needed x-value.

5. To enter multiple graphs quickly:

Lists can be used to enter several equations with similar coefficients or constants. Be sure to use
French curly braces and not the parentheses. For example, Y1 =x+ {3.4,5} willploty =x+3,y
=x+4, and
y=x+5.

Flakl Flotz Flot3
mMiERE L34, 00
;?zE{E:'Es.S}H—E

Mr=
why=
~Me=
wNE=

Graphing a Vertical Line

(without using DRAW)
Both Classic Mode and MathPrint Mode

It is possible to draw vertical lines using the DRAW commands. Unfortunately, lines drawn with these
commands cannot utilize any of the graphing features such as intersect, ete.

There is a way to "fake” the calculator into producing a somewhat "workable" vertical line.
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To graph the vertical line x = 5:

Y1 = A Big Number (x - 5) Rationalize:
where "A Big Number" is around 1,000,000. x=5
Flotl Flokz Flot: =540y
W B a4 )
~NeB188E886EE (-5 x—5=0ey
nMr= :
Ay = x—5=lmney
nMe= r—sl "
~ME=
x—25
"1’? — -
lim
n—l
y&oe(x—35)
Inkerseckion
R=E.000008  [y=0.00005y

The intersection option can be engaged.

Investigating Graph End Behavior

Use the TABLE feature to investigate the end behavior of your graphs.

1. Enter your function in "y =" NORMAL FLOAT AUTO REAL RADIAN MP [}
Flotli Flotz Flot3

B\Y1B%2
INYz=
ENY 3=
INY 4=
INYs=
\Ys=
INY 7=
ENYs=
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2. Set up the table to examine LARGE/SMALL values: NORMAL FLORT AUTO REAL RADIAN HF 1
Hit 28 TBLSET and change Indpnt: to ASK. T?EIEE SETES

Enter gradually increasing large values. ~Th li? rt=

Enter gradually decreasing small values. Indent: Auto [FEIN

Examine what is happening to the function. Depend: Ask

3. As the x values increased in size, the y values also LI AL GRALT LIS GLDRLLY Al

increased in size. X Y1
(%) = 400, a5 X = 40 16 106
Jx) ’ 160 10000
1e00 | 1E6
—— . . | 1ee00 | 1E8
As the x values decreased in size, the y values increased in | 1ee0e0| 1E10
- -10 160
S1Ze. -100 | 10000
(- o -~ —o0 -1000 | 1E6
J(x) > 40, asx > -10000 | 1E8
-1E5 | 1E18
.
w=

Finding Maxima and Minima
for Simple Functions

METHOD 1: Investigate relative minima/maxima fory = (x - 2)%+ 1.

Step 1: Step 2: Step 3:

NORMAL FLOAT AUTO REAL RADIAN MP [] [JNORHAL FLOAT AUTO REAL RADIAN HP [] [JNORHAL FLOAT AUTO REAL RADIAN HP n
Plotl Plotz Plot? CRALCULATE

ENY1B(X-2)%+1 \ 1:value

ENY 2= 2izero

B\Y3= EHminimum

INY 4= . ' . Tt = 4 : maximum

I\Y5= S:intersect

\NYg= 6:dysdx
E\NY 7= 7iJf(x)dx
ENYs=

Enter the equation into Y= Hit GRAPH. This graph has a "valley"”. so look for

It may be necessary to adjust the the minimum. Under the CALC (2nd
WINDOW so vou can see the "hills" | TRACE) menu, choose #3 minimum.
and "valleys". Hit ENTER.
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Step 4: Step 5: Step 6:
MORHAL FLOAT AUTO REAL RADIAM HP n MORHAL FLOAT AUTO REAL RADIAM HP n MORHAL FLOAT AUTO REAL RADIAM HMP n
CALC MINIMUM CALC MINIMUM CALC MINIMUM
Yi=(X-2)2+1 Yi=(¥-2)2+1 Yi=(¥-2)2+1
\ \
LeftBound? Guess? ) Hinimuwm
#=0 ¥=5 #=3.7878788 ¥=4,1965106 #=1.9999998 ¥=1

When asked for Left Bound. move the
cursor (use arrow keys) to the left of the
observed minimum location. Hit
ENTER. You will see a P mark
indicating that yvou have "locked” this

When asked for Right Bound, move
the cursor (use arrow keys) to the right
of the observed mimimum location. Hit

ENTER. You will seec a A mark
indicating that yvou have "locked” this

When the last screen asked for Guess.
simply hit ENTER.

position. position.
Step 7:
MORMAL FLOAT AUTO REAL RADIAN MP .
CALC MINIMUM 1] Note: o _
Y1=(H-2)3+1 If you are investigating more than one location on a graph,
you must start this process from the beginning for each point
bemg investigated. (Retumn to Step 3.)
This same process is used to examine relative maxima.
In step 3, choose #4: maximum.
Hinimwm
¥=1.9993998 ¥=1

The coordinates of the miminum value
{within your marked boundaries) 1s:

Min (2, 1)

METHODZHmmﬁ@MmmmNemMMmmmﬂmaMrziﬁ—Qx2+x+6.

Step 1:
Flokl Flakz Flotz
:E1EIH4H“3—2H3+H

W=
“Ma=
wMy=
wHe=
wME=

Enter the equation into Y=

Step 2:

N
\J

Hit GRAPH. Be sure the graph is
viewable in the graphing window.
Adjust the WINDOW if needed.

Step 3:

s HUM CP® FEE
tkFrac
Zir0ec
KHE
NN
LI
fMine
FMlax

From the HOME screen, hit the MATH
key. Choose either #6 fMin or #7 fMax.
Hit ENTER.
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Step 4: Step 5:
fMincY1 8. 2. 82 Fiaxi 8. -2 32
S.87E3E592 « FEZIRSET2]
Y1 CARs2 Y4 {Ans2
ST . T ag839493 G. 129209354

ANSWERS:

rounded to nearest thousandths

The parameters for fMin and fMax the | Agamn, remember that the answer from

Min(5.070, -7.759)

same: fMax 1s the X-coordinate where the
fMin(expression, variable, left bound, tnaximum occurs. You must then
right bound) calculate the y-value. Max([l'.Z 63, 6.12 9)
Be careful: The answer from fMin 1s
the X-coordinate where the minimum HINT: To get Y) (Ans)
occurs. [t is not the actual y-value Y1: VARS — Y-VARS

minimum. You must then calculate the #1Function

y-value. Ans: 2nd () key

Graphing Continuous versus
Discrete Functions

A continuous function allows the x-values
to be ANY points in the interval, including
fractions, decimals, and irrational values.

A discrete function allows the x-values to be
only certain points in the interval, usually only
integers or whole numbers.:

Graph the continuous function:
y =x2 for all Reals.

« Enter the function into "y=".
* Choose the window. ZOOM #6 (standard)
* Graph

Graph the discrete function:
y =x?2 for all Integers.

* We cannot limit the point choices in "y=". We
need a different approach, the scatter plot.

* If your viewing window is the standard 10x10
window, you will have to determine which
points will be visible in this window:
(x=-3,-2,-1,0,1,2,3)

* STAT - Edit - enter x (L1) and y (L) values.
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NORMAL FLOAT AUTO REAL RADIAN HP n

MathBits.com

Notice that all of the visable points are
connected with a continual drawing.

37

+ Stat-Plot - Plot 1 - turn Plot "On" - Choose
"Type" scatter plot (first icon) - Xlist: L1 -
Ylist: L2 - choose any Mark.

* Choose ZOOM #9 (statistics)

* Graph

HORHAL FLOAT AUTO REAL RADIAM HP

0

MathBits.com

Notice that only the integer values are plotted.
The points are NOT connected.
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Exponents (Powers)

Things to keep in mind when using your graphing calculator with exponents (powers):

To SQUARE avalue: (or raise to a power of 2)

Classic Mode:

5t
25
a2
23
|

Squaring can be accomplished by using the
"squared" key or by raising the value to the
power of 2 with the use of the * (caret) symbol.

The caret symbol (*) can be
used to raise a value to any
powWer.

MathPrint mode: the * (caret) will move you up

to the exponent position. Type the 2. Now, you will 5° o5

REMAIN up in the exponent positim.l until you hit 5% <@ [~ positions exponent |

the right arrow to return to the base line. 5%° <@ [afior CT‘IlL‘.‘I‘iIII‘t', 3. you arc
Simply hitting ENTER after the 2 will engage the i o m". m uxp(:.-nfnt h:wfm_ml
squaring process, BUT... get in the habit of using ﬁ:lhl[] 1&1.:!:—5::121tg::rll::l:lkl"g
the right arrow after entering exponents, as you will to the base line.

need this skill on future problems.

To CUBE a value: (or raise to a power of 3)

a HUM CPX PREE|  Classic Mode and MathPrint 2%
pED A Mode: e
i r0ec | : 2735
R To raise to a power of three, you can =2
%E i}': utilize a special "cubing” function n
E-; FHMinc under the MATH key #3, or you can
Tt Max use the " (caret) symbol.

Remember, when using MathPrint Mode, the " (caret) will place the exponent in the raised position.
Use your right arrow to leave this position and return to base line entry.
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To RAISE to ANY value:

Classic Mode

43
1824
278 :
Kl Pard
1. 732838508

** Notice the need for
parentheses when raising to a
fractional power.

MathPrint Mode

To raise to any power, 45
utilize the * (caret) symbol. 1624
0
Notice how raising to the zero power 2 {
created an answer of 1. 31 7T
1. 732858288

** Remember to use the right
arrow to "leave" the raised
exponent area.

-3
=324
|

-1

a1 In BOTH modes: Notice the need of parentheses

when raising a negative number to a power.

Remember, -3* is not the same as (-3)4.

REMEMBER...

You can raise any value to any power by using the ~ (caret) symbol.

You do not have to remember the special keys for squaring and cubing.

Working with Fractions

Things to keep in mind when using your graphing calculator with fractions:

1. Yikes! There is NO fraction key!!

Classic Mode: Don't panic! Just remember that the fraction bar means "divide".

3
Enter 3 as "3+ 5"

MathPrint Mode:
The MathPrint Mode has FRESS ALFHA F1-F4
T0 LOCATE
templates to help you enter SHORTCUT HENLS. ned

fractions quickly. Press
ATPHA and F1. Make a choice

and use arrow keys to navigate.

The calculator will display .6

2 Uned
=t bnad4kUnAd
Y: FFAkD

FURCIRTREIYvAR]

DO NOT *HOW AGALN
<: CONTINUE



Family
Typewriter
39


40

Choosing #1 will place a template Choosing #2 will place a

on the screen for entering a template on the screen for Choosing #3 will convert an

fraction. entering a mixed number. entry or a previous answer to a
T [ ' mixed number or an improper
e o 3 — fraction.

Anzrnsd4rIngd

2.

Convert Decimals to Fractions.

If you need to convert your decimal answer to a fraction, choose the MATH key and

#1 P Frac. The screen will show AnsPFrac. Hit Enter.

(Note: The fraction answer will always appear in fraction or unproper form. It will not be converted to a
mixed number)

Classic Mode

g HUM CF- PRE 35
FErac .-
s b0ec Arns*Frac
L 5
LD Just remember that
I not all decimals can
&2 fMineg be expressed as
Tl Maxe fractions.
MathPrint Mode
375 In MathPrint, you may also enter £
B fractions as shown in #1. Choosing 3 3
AnskFrac #4 from the F1 menu, you can also T
% change between fractions and An=eF4r0
decimals. 5 .5
Mixed numbers may be entered directly.
Classic Mode: A mixed number can be ]
entered as it is read --- 3— Enter3+1/2
" three AND (+) one half " 2
Check out the two problems below. Look carefully at the subtraction problem.
(A1 274021730 | [(3+1-20— (241737
T = A 1. l66EE66GT Bewarel!
AnskFrac AnskFrac In the examples on the left, the use of
r = - parentheses was not needed when adding,
Add 3 1 L2 1 Subtract: 3 1 2 1 but WAS needed when subtracting.
2 73 T2 73
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If the parentheses was not used in the subtraction problem, only the 2 would have been subtracted (by
order of operations) and the wrong answer would have resulted.

MathPrint Mode: Mixed numbers can be entered directly using the F1 templates.

i i i i
3 z i I:E 1 :] 3 T I: < 3 ] The parentheses are entered
% % automatically by the calculator AFTER
Ar=rF4r[0 ArsrF4rD you have entered the mixed numbers.
R. 833333333 1. 166666667 | Notice that it leaves the answers in
fraction form.

hn

Mixed numbers entered as improper fractions.

Classic Mode: If you have a tendency to "forget" your parentheses when dealing with
mixed numbers, you should consider changing all mixed numbers to improper fractions. This
will avoid the need to worry about the parentheses.

C3+1 22+ 2+1 730
5.833333333

AnskFrac

r 56

Add 3Ll
2 3

CEH1A20—0C241-30
1. 1666558667
ArskFrac
7B

Subtract: 3l = 2l
2 3

TA2+7 A3
5.833333333
ArskFrac
could also be ... 5 KTy
To2=Ts3
1. 166686667
AnsrFrac
could alzo be .... B =

Entering Algebraic Fractions

Be careful when entering algebraic fractions.

Classic Mode

EEL
25

2 CSH
|

Consider this i
problem: Sy

For testing purposes, the value 4 was stored in x using the
STOM key.

Notice the different answers!!! The calculator only
recognizes division between the character immediately
before and after the division symbol.

Parentheses were needed for this problem (the second
answer (.1) is correct.)
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~MathPrint Mode
EE , , _
4 The same problem as seen above will occur with MathPrint
L if you enter 2/5x. To avoid such problems. use the F1
== 1 template to enter the fraction. When using the template, the
10 denominator will stay in place and avoid the problem.
n
|

When in doubt, use parenthesest

Largest Number on the Calculator

We have such faith in our calculators. It is hard to believe that they do not have the answers to
ALL calculations, even in approximate form.

But, unfortunately, there is a point beyond which our calculator cannot compute. Most
calculators, including the T1-83+/84+, cannot handle numbers larger than 9.99999999 x 10 %,
Numbers beyond this value create an overflow error.

As an example, the largest factorial that can be computed on the T1-83+/84+ is the factorial
69!. The factorial 70! produces an overflow error.

It is possible to continue investigating some larger factorials by multiplying the decimal portion
of 691.

69! = 1.711224524 x 108
70! = (70 x 1.711224524) x 10 %
70! =119.7857167 x 10 % = 1.197857167 x 10 100

Sometimes, YOU are more powerful than your calculator!!!
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LCM and GCF

Finding the Least Common Multiple (LCM)

LCM is found under MATH —
NUM., arrow down to #8: lem(

From the home screen, choose
lem( followed by two numbers
separated by a comma.

lemc13. 432
i

NOTE: lcm( accepts non-negative integers only and works with only two entries at a time.

Example:
Find the LCM for 10, 15,
and 45.

Since LCM can only accept two
entries at a time, find the LCM
of the first two values, and then
find the LCM of vour answer
and the third value.

lemc18. 1352
lemc38. 4350

Finding the Greatest Common Factor ( GCF)

NOTE: The calculator refers to the GCF as the GCD, greatest common divisor.

GCD iz found under MATH —
NUM, arrow down to #9: ged(

From the home screen, choose
ged( followed by two numbers
separated by a comma.

Acdi 18, 152

NOTE: gcd( accepts non-negative integers only and works with only two entries at a time.

Example:
Find the GCF (or GCD) for
12, 24, and 32.

Since GCD can only accept two
entries at a time, find the GCD
of the first two values, and then
find the GCD of vour answer
and the third value.

oo 12,240
oot 12,320
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Matching Numerical Answers

The graphing calculator can be very useful for "checking™ your work and for determining if your
multiple choice answers are correct.
This page will address numerical style problems.

1. Determine numerical equivalents.

The calculator can be easily used to solve multiple choice style problems where
numerical equivalents are needed. Find a decimal answer to the problem and then
check each answer to see which answer matches your decimal.

The expression ./30( is equivalent to T30 % 7. 3258205
(1) 5045 2) 12,5 e B I

1@4"13%22. 4744871

(3) 310 (4) 1043 17. 32650068

Hint: Get in the habit of CLOSING parentheses. This habit will be most beneficial when
working with longer problems.

2. Be careful when comparing inequalities.

Calculators (and computers) do not evaluate "sandwich" expressions written in the
form 3 <x < 10 as you might expect. They will only evaluate the first condition
(3 <x). To evaluate the entire expression, you will need to "tell” the calculator to
also use the second expression by using the word "and". Find "and" in the
CATALOG or under the TEST menu — LOGIC.

(3 <x <10 must be entered as 3 <x and x < 10)

If the relationship 2 < ¢ < \,"E istrue, |AZSEA anc]l BCJCA)D
then ¢t could be 5
' d254 =z 4"{4"1'4:'8
1) -— 20
-7 @ ¢1-432<1-4 and 1
S4L (1 40 i
@) i OF |

The numerical choices have been substituted 1nto
the inequality expression.

If the answer is 0, the expression is FALSE.

If the answer is 1, the expression is TRUE.
This 1s called a Boolean test.
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Resetting the Calculator

If you are using a school calculator only in class, you may need to reset the calculator
before each use in order to erase any settings from the previous user. Ask your teacher
if you should simply run the "Defaults” or completely reset "ALL Ram".

If you own your own calculator (and have been playing games), you should run the
"Defaults" before math class. Games often change the calculator settings (such as turning
off the axes). Remember that a "complete” reset (ALL Ram) will clear memory and
delete programs and/or applications.

What are the options??

e Start by choosing 2nd MEM

e Select #7 Reset wt

e Choose Defaults if you simply want to :Mem Mamt.-Del..
return the calculator 1.:0 the factory E i E % EE"I 1 ETEE;EE
settings, such as Radian mode, Normal St Archiue
setting, Full screen, etc. Default will &: UnArchive
not erase programs or applications. W?‘l"EEE‘Et

e Choose All Ram if you want to reset ARCHIWE HLL
the factory settings AND erase any . Dé'}' EE?EE
programs.

» Arrow to the right to ARCHIVE to FAM [EsEzii%a ALL
erase applications and clear archived . Hﬂgg
memory. 3:Both..
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* Arrow to the right to ALL to clear FAM ARCHIYVE [EENE
everything from the calculator. IHALl Memard..

(Teachers: This is the option that is
necessary to clear calculators prior to
NYS Regents Examinations.)

Certain examinations, such as the SAT Test, require that calculators' memories be completely
cleared (including programs and APPS) prior to the test. If you do not want to lose your
programs, be sure to back up your calculator (to another calculator or a computer) before the test.

Working with Scientific Notation
In Normal Mode:

(If a problem 1s already expressed IN scientific notation,
it may be possible to simply enter the problem on the

d. F2ex1870 -0
- B84 725

home screen in Normal mode to arrive at the answer.)

Expressed in decimal notation, 4.726 x 107 is
(1)0.004726  (2) 0.04726

(3) 472.6 (4) 4,726

Note: In Normal mode, if the answer cannot be displayed in 10 digits or the absolute
value 1s less than .001, the answer will appear in scientific notation.
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In Scientific Mode:

(If a problem asks for the answer to be in expressed 1n

scientific notation, change the Mode to Sci (scientific AZEAAREAEA
mode). 5 . 3ET
_ _ Mormal %%g Erxd
The distance from the Earth to the Sun is E Ell:l G =Y =
. oras C . . edres
appm:ﬂmfitely 93 million miles. A scientist ar Pol Soo
would write that number as = Dot
6 7 Simul
(1)9.3x 10 (2)9.3x10 a+hi re i
Horiz G-T

(3)93 x 107 (4)93 x 1010

In scientific mode (Sci), all answers will be expressed in scientific notation.

Note: The calculator is using the notation 9.3 E 7 to mean 9.3 x 107

To insert the E into a calculation, press 2nd (comma) ,
The face of the calculator reads EE above the comma key, but only one E will appear on
the screen for your scientific notation. Can be used in either Normal or Sci mode.

(Point of interest: The double EE 1s used in Engineering Mode (Eng) where the

powers of 10 are multiples of 3. The form 1s a = b x 10”; where b 1s a number from 1 to
less than 1000, and # 1s a multiple of 3.)

Using the DRAW Menu

Draw a Line Segment - #2 Line(

1. On the graph screen: This command draws a line segment
when graph 1s displayed. Press DRAW, #2 Line(. Using the arrow * ] ﬁ

keys, place cursor where you wish the line segment to start on the graph
screen and hit ENTER. Move the cursor to the end of the line segment
and press ENTER. As you can see, the segment may not be perfectly (DRAW elements cannot be
"smooth" due to the size of the screen pixels. traced!)
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5

2. From the HOME screen: From the home screen, you may
designate specific coordinates for the line segment. Line(X;, Y, X, ..___..-"'
Y;) and hit ENTER. To erase a line segment type 0 as the fifth
parameter:

Line (2, 3, 4, 6. 0) and hit ENTER.

*%%% To erase any DRAW elements, choose #1 CirDraw.
DEFAULTS also clears the DRAW commands.

Draw a horizontal or vertical line - #3 Horizontal, #4 Vertical
1. To Draw a moveable line on your graph: Hit GRAPH. Choose DRAW. #4 Vertical. Now

move your cursor left and right to create a moving vertical line. (Nice for demonstrating the Vertical Line
Test for functions.) The same applies to #3 Horizontal. (Nice for demonstrating Horizontal Line Test for
existence of inverse functions.) To secure any of these lines, press ENTEER. To cancel. press CLEAR.

2. To Draw from the home screen: From the home screen, press 2ND, DREAW, #3 Horizontal
Horizontal 7 and press ENTEE.
Horizontal ¥ F L~
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Window Settings

The viewing window is the part of the coordinate plane that will be visible on your graphing

calculator screen.

40-8-5-4-ﬂ>
-4

£
-0

-1d

sz 461810

N
N

Remember that you are only seeing a "portion” of
an entire graph in your viewing window. Think of
vour calculator view screen as a small magnifying
glass that lets you see a PART of the entire graph.

Notice that the calculator viewing window at the
left shows only a small 3x3 gnid section of the
entire parabola. The graph paper view shows a
larger portion of the parabola graph. Also notice
that the calculator view shows a somewhat "wider"
looking

parabola. The window's

aspect ratio (affecting the

actual x and v scales) 1s

3:2 (not 1:1). The

normal window is a

rectangle, not a

square.

You need to understand how the viewing window is set up and how to control its size.

W IHOOL
amin=-1H
amax=1H
necl=1
Y'min=-1@
Ymax=14H
Y=cl=1
ares=1

Xmin = minimum value displayed on the x-axis

Xmax = maximum value displayed on the x-axis

Xscl = distance between the tick marks on the x-axis

Ymin = minimum value displayed on the y-axis

Ymax = maximum value displayed on the y-axis

Yscl = distance between the tick marks on the yv-axis

Xres = pixel resolution. Xres = | means that functions are
evaluated and graphed at every pixel on the x-axis.

The WINDOW key allows you to control the viewing window.

The default window (also obtained with ZOOM #6 Z5tandard) is
the 10 x 10 window shown at the left.

Xmin must be less than Xmax

Ymin must be less than Ymax

Setting
set Xscl =0 and Yscl =0
will turn the tick marks off.
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To change window settings on the WINDOW screen:
-- use your up or down arrows to move to the item to be changed

-- enter the new value (which clears the original value)
-- arrow down or hit ENTER.

Format Settings (2nd ZOOM)

i

ElghRelBANY [5r1iciOr

FalarGht

.. sets cursor coordinates to rectangular or polar coordinates

Coord0ff|  sets coordinates display on or off

.. sets gnid on or off (GridOn shows dotted background screen)
.. sets axes on or off

=PrOff .. sets axes label on or off (labels axes, but not ON the axes)

.. sets expression display on or off

What is the physical layout of the T1-83+/84+ view screen in terms of pixels?

Ymax

47

31

47

*min

31

Xmak

Y¥min

95 pixels

Pixels are the small cells that light
up when you graph. If you turn
your screen very dark (hit 2nd up
arrow repeatedly) you will see the
actual pixels in the screen display.

63  The default viewing window is set
up in a 3:2 aspect ratio. The
window 1s NOT a square.

Because of these set pixels, the
"nicest” viewing windows have
Xmin and Xmax values that differ
by a multiple of 47.
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Zoom Settings

The size of the coordinate

3
4: 20
25
=
i

MEMOEY
*

HLiare
2ot andard

+£Tr19

10 Ymax plane 1s defined by Xmin,
8l Xmax, Ymin, and Ymax,
Al as seen at the left.
i B » Xmin must be less than
Xmin I Xsc Xmay max
ATE B 4 s T 7 i & 8 p - Yminmustbelessthan
2+ Ymax
Ysclal * Xscl and Yscl define the
el distance between tick marks
on the x-axis and y-axis
i I * To turn off tick marks,
-t6-Ymin let Xscl = 0 and Yscl =0

= 3/2 aspect ratio in window

Z.oom - Zoom - Zoom

#1 ZBo0X - draws a box to define
the new smaller viewing window.
Move cursor to upper left corner of
where your box will be placed. Hit
ENTER to anchor that corner.
Move cursor to lower right corner of
the desired box, press ENTER. The
box will fill the screen.

WIHDOW
amin=018
Amax=1a
necl=1
Ymin=-16
Ymax=18a
Y=acl=1
sres=1

Xres sets pixel resolution 1 to
8. The defaultis 1. At Xres=
1. functions are evaluated and
graphed at each pixel on the
x-axis. At Xres =8, at every
eighth pixel along the x-axis.

s

H=2.7eE957E IY=-Z.22EH06

#2 Z.oom In - magnifies the part of the graph surrounding the cursor location. Move

cursor to the location you wish to magnify and hit ENTER. To magnify a second time, hit
ENTER again. You can move the cursor between zooms and continue magnifying. To return

to previous graph, chooose #3 Z.oom Out and press ENTER. To quickly return to the 10

X 10 screen, press #6 Zstandard.

#4 ZDecimal - plots the function with values Xmin = -4.7, Xmax = 4.7, Ymin = - 3.1,

Ymax =3.1. The AXand AY are 0.1. In plain English, you have a smaller screen which
traces nicely in increments of one decimal place.

#S ZSquare - AX=AY. The aspect ratio 1s adjusted so that circles will look like
circles. The domain in the window is -15 to 15 and the range is -10 to 10.
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#6 Zstandard - 10 x 10 window. This window is usually large enough to show a

representative portion of a graph. Remember, however, that the graph is slightly distorted
because the x and v units are not equal.

#7 Ztl’ig - window appropriate for trig graphs. In Radian Mode, the domain is

— 271 to 27, the range is -4 to 4, and Xsel = ;%_ In Degree Mode, the domain is -352.5° to
352.5°, the range is -4 to 4, and Xscl = 90°.

#8 ZIIltEgEI‘ -AX=AY=1. Xscl, Ysel =10. Each pixel represents one umt along the
horizontal and vertical axes. Move cursor to desired center, ENTER.

#9 Z.Stat - redefines window to appropriate size for statistical plotting. Automatically
adjusts the window to show all data points in the active plot in STATPLOT.

#10 ZFif - recalculates Ymin and Ymax using current x-values to show best graph. The
range is adjusted so that the function will enter the window at a corner on the left side. If the
function 1s odd, it will leave the window at the other corner of the diagonal. If the function is
even, the range will cover the extreme y-value in the other direction of the entry point.
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The Absolute Value Function

Where are they hiding absolute value on this calculator?
There are two ways to find the absolute value function on the calculator.

The absolute value function will look like abs(

Method 1: Classic Mode: MathPrint Mode:
HORHAL FLOAT AUTO REAL RADIAM HF n
Yﬂu can ﬂﬂd ﬂ]e Ebsalutﬂ "i.-'allle HH;EE l:Fl:H: PEE MATH CMPLY PROB FRAC

function by accessing the Math [ round(
key. Arrow to the right to find S iParto

the NUM menu. %; fﬂf?ti
On this sereen you will find: EiMing
#1 ahs( rdmaxy
the absolute value function.
Method 2: Classic Mode: MathPrint Mode:
You can also find the absolute EEEEIEDE i CATALOG d
value function in the and '323‘
andler ansle
CATALF)G (2nd 0). The — SHEUE ansle
Catalog 1s an alphabetical listing| g2 fins e
of functions, and since the Archiwve Aol
absolute value function starts A=t Rsm84CPram
with the letter "a", you can find
the function at the beginning of
the Catalog.
Applicatiﬂn: Example: Find |-15|, |-2-(-6), |10+3-2
In Algebra 1, finding the Classic Mode: MathPrint Mode:
absolute value of a mumber can b= 7153
be easily done without the use of 15| [1-151 s
a calculator. If you want, abst 2= -£2 . T —— 4
however, to check your work, ahsC1B+3-21 g 11
}"-Du ma}r \Vﬂ.tlt tG use thﬁ 1 1 .....................................................
calculator. Also, becoming
familiar with the workings of

your calculator will prove
valuable in upcoming courses.
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Graphing the Absolute Value Function

Tl Plud oy [ amer

1. Press the y= button in
the upper left comer.

3 Press the arrow key once
to move over to the NUM menuw.
Then press enter.

5. Your caleulator will
now graph the absolute value
function. Press the TRACE
button and the calculator will
also give you the equation of
the graph and the y intercept.

Flgt=Flotz Plots
wﬁ} bs(3X+1)
W2

\WVWi=

Wy=

W=
WYe=

2 Press the Math button.
Y our screen should look like
this.

Flstz Flsts
~N1Babs (R+30
“Nz=

4. Let’s graph the equation
y =[x + 3| . The variable x is
found under the MODE key.
Type in “x + 3. Close the
parenthesis when you are
finished (a good habit to get

into). Then press enter.

TAI=aBsii+30

E=-LS7EFEE IW=0ZAETES

6. By pressing the arrow keys you can
move the cursor to the approximate vertex of
the graph. Note the x and v coordinates are
given, but these are only approximations. To
find the exam coordinates of the vertex, use
the =ba + ¢ formula; in this case it would be
3= (3,0,

7. Tip: when you are graphing a negative
function such as y =« |x + 3| be careful NOT
to use the subtraction key = you will get an
error message. Instead use the negative key at
the bottom right of the calculator,
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Numerical Checks
for Multiple Choice Questions

The graphing calculator allows for several methods of checking or comparing multiple choice
answers. Let's look at the checking of algebraic problems using a numerical format.

Process:

* Choose your "favorite" positive one-digit (for ease) integer value and
store the value in x (do not pick O or 1). Tostorea 7: 7 STO (key) x

» Hit ENTER.

» Enter the algebraic expression from the problem on the home screen
using x as your variable.

* Hit ENTER to get your numerical value.

» Enter each of the possible multiple choice answers on the home screen.

» Hit ENTER to get their numerical values.
e Find the answer that matches the answer from the
problem.

1. The product of 2x3 and 6x° is

(1) 108 Gl 3

2) 1zxi (2R 3% {E‘ﬁ'i‘g;;ﬁl .

(3) 10x13 1ax~8

(4) 12x13 = S76480160
The number 7 was chosen as the "favorite” number. Remember 12578 69177612

"product” means to multiply. The expression was evaluated and ||

the answer was 69177612, The multiple choice answers were
then checked to see which yields the same answer.
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2. The sum of 3x2 +4x -2 and x2 - 5x + 3 is
(1) 4x2 +x-1
(2)4x2-x+1
(3)4x2 +x +1
(4)4x2-x -1

The number 7 was chosen. The sum was entered. ENTER was
hit. The multiple choice answers were entered until the
matching answer was found.

3. Express as a single fraction:

1 1
+—, x=20,-1
x+l x
2x+3 | 2x +1
1 (2
M x +x 2) x +x
2 3
3) 4y
( 2x +1 ) x*

The number 7 was stored in x. The expression was carefully
entered being sure to use parentheses for the first denominator.
ENTER was hit. The multiple choice answers were entered,
again being careful to use parentheses for the fraction's
numerators and denominators.

Equation Checks

[(SHE+AR—2)+(RE-5
WD)

194
¥ Z4+¥=1
zZez
dxe=K+1
193
7
17CK+1)+1 7%
. 2678571429
(2H+IIACRE+RED
. SA3S7 14286
e o P T
- 2678571429

for Multiple Choice Questions

The graphing calculator allows for several methods of checking or comparing multiple choice
answers. Let's look at the checking of algebraic problems by forming equations.

Process

® Choose your "favorite” positive one-digit (for ease) integer value and
store the value in x (do not pick 0 or 1). To storea 7: 7 STO (key) x

* Hit ENTER.
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using x as your variable.

The "=" sign 1s under 2nd TEST (MATH) #1 =,
+ Hit ENTER.
e If a 0 appears, this 1s NOT the correct answer.

If a 1 appears, this IS the correct answer.

o The "recall entry" feature of the calculator can be
used to speed up data entry. (2nd ENTER)

» Enter the algebraic expression from the problem on the home screen

» Set this expression "=" to the each of the multiple choice answers.

1. The expression (x - 6)? is equivalent to
(1) x2 - 36
(2) x2 + 36
(3)x%-12x+ 36

[ =
i

=i

=z

1T

I E=N

1T

)
+

Fe

1T

-y
=4

-F‘J
-

1T

(4) x2 + 12x + 36 1
The "favorite” number used here was 7. When vou hit ENTEER
and a "1" appears, you have found the answer (the equation 1s
"true").
2. Which of the following statements is true? =5
LRI LR G I i '43“1“13
@ = (= : =
(3) (5x™)" =3 . 1
1
(4) 3_‘,&;_1 = _1
3x
When in doubt, use parentheses when entering information.
3. When 12x° + 4x is divided by 4x, the answer is
(1)3x2+1 s .
(2)3x+1 L12n3+dm s 0dm0=
(4) 3x2 |

Parenthezes are needed for both the numerator and the
denominator in the division of this problem.
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Writing Equation of a Line

Write the equation of the line passing through the points A(2,-5) and B(4,1).

Solution:

Normal Solution: Of course you can simply  Slope Formula: Point-Slope Form for Line:
use vour calculator to help yvou find the slope med2”h F-p=rmx-x]

(using the slope formula) and substitute yvour L-5 F—1=3(x-4)

values into the point-slope form for the equation - 1-(=5) _ ] =3 F=3r-12+1

of a straight line. 4-24 2 F=73r-11

Calculator Solution: The Statistics features of the graphing calculator can be used to write the
equations of straight lines given points.

1. Enterthe points into lists L1 and L2, L1 Le Lz c
(See Basic Commands for entering data ) l-2| ig ______
Be careful to keep the x and corresponding v coordinates lined
up horizontally.
LziFy =
2. Choose STAT. Arrow to the right to CALC at the top of EI;I % T 'LLEETS
the screen. Choose #4:LinReg(ax+b). 2 - '-.-'-EII"‘ Stat.s
=8 Med-Med
?L 1nkegdiax+bl
: HuadFEe3
&= Cubicked
lEuartRed

3. On the home screen vou will need to tell the calculator t ; I"IE?'E' caxtbd L1,
which lists contain vour points. If you also wish to quickly :

graph vour new line, include Y1. The Y1 is only needed if you wish
(L1 and L2 are above the numbers 1 and 2 on the calculator.) to also see the graph of the line.

(To get Y1: Choose VARS — Y-VARS, #1Function. Choose
YD)
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4. Hitting ENTER will show the screen at the right. "a" is the

slope, and "b" 1s the y-intercept.

If vou hit v = _ vou will see the equation for the line. Hitting
GRAPH will show the graph.
|
Filakl Flakz Flokz /
~MiR3R+ 11

M= I

LinE=3

J=5x+h
a=23 slope
b=-11 y-intercept

Equation: y=3x-11

Another way for the solution of the linear equations

(downloadable software)

Step 1. After downloading, press the key PRGM. |
Select EXEC and LINE.

Step 2. Press ENTER two times. FramLTHE

EDIT HEW

:POIMT-SLOPE
:FOIMT PHEALLEL
:POIMT FEEFEMD
:SLOPE + Y-Int
s AR+BY=C

HE®T FAGE

FOIMTS

Depends from the given values choose the option from the
previous screen. If you press 7: NEXT PAGE, you will see
the new screen. If you press 3: BACK, you will open the
previous screen, if you choose 4: QUIT, you close the
program.

Example:

sn=Int. Y-Int
t BACK
TRUIT

=WERTICHL

Create the equation of the line and it characteristics by the points (-1, 2) and (8, -3).

Choice 1: TWO POINTS and hit ENTER.

Type given x and y parameters of two

. . . . GIVEM:
points and hit ENTER. You will receive: EE, Eg
the slope of the line m = —5/9; intercepts A=2-1

PR s B=72
y-int = 13/9 and x-int = 13/5, and the |c=35
equation of the line 5x + 9y = 13. p=7 -3l

Y=mx+h
M= “Sd
Y-Intih= 1349
n-Int= 13435
o+AY=13



Family
Typewriter
60


61

Linear Regression: The Line of the Best Fit

We discovered that finding the line-of-best-fit may lead to many "different" equations

depending upon the points chosen to construct the line.

Let's examine our fast food problem with the use of the graphing calculator

Hamburger 9 260
Cheeseburger 13 320
Quarter Pounder 21 420
Quarter Pounder with Cheese 30 530
Big Mac 31 560
Arch Sandwich Special 31 550
Arch Special with Bacon 34 590
Crispy Chicken 25 500
Fish Fillet 28 560
Grilled Chicken 20 440
Grilled Chicken Light 5 300

total fat grams?

Can we predict the number of total calories based upon the

1. Enter the data in the calculator L1 Le L= &
lists. Place the datain L1 and L. 23 %23
STAT, #1Edit, type values into the E% E%E
lists ﬂ Egg
L | c£an
L=
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2. Prepare a scatter plot of the data.
Set up for the scatterplot.

204 StatPlot - choices shown at right. Flatz Flakz
Choose ZOOM #9 ZoomStat. Graph Eﬂf“r
shown below. IS E E %
I Alistilo
Qo Ylist:lz
5, Mark: B R
3. Have the calculator determine the ED % T LTESTS
: : 1-Var L5
line of best fit. - 15 1o Sfate
STAT — CALC #4 LinReg(ax+b) Z: Med-Mead
“ Einﬁﬁgﬂax+bb
Include the parameters L1, L2, Y. s Lluadeed
(Y, comes from VARS — YVARS, #Function, Y1) %-l-EﬂEr{EEEg
LinkEegcax+bhy L1,
Czab10 Linked
a=11.73128632
You now have the values of aand b b?l'ﬁﬁ 2021475
needed to write the equation of the rrj_:_égjggggﬁ?éz
line of best fit. See values at the right. )
y=11.73128088x + 193.8521475 _

4. Graph the line of best fit.
Simply hit GRAPH.

To get a predicted value within the window, hit
TRACE, up arrow, and type the desired value.

Y1=11.7F1cB0BELFRH+19%, -

n=EE ..

S o % - L [

Question: Predict the total calories

based upon 22 grams of fat.
ANS: 451.940 calories
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Solving Equations

The graphing calculator can be easily used to solve and/or check algebraic equations.

Example 1: Solve forx: 4x+1=9

¢ Enter the left side of the equation into Y;.
¢ Enter the nght side of the equation into Y.
¢ Graph (vou may need to adjust your window to see where the two graphs intersect)
* Find the point of intersection (the answer).
(2nd CALC (above TRACE), #5 Intersect)
* Answer: x=2

Flakl Flokz Flokz Y
N B R+l ]

S - =)
e | T
wMy=
wHe=

“ME= Inkerseckion
wIla= n=z r o Iy=a

Example 2: Solve forx: 2x+4=>5x-2

¢ Answer: x=2

Flokl Flotz Flab: .
M B2 R+d
Nz ESE—-2
S |
~My=
wHe=

~E= Intersection
wIla= U=z s JIv=B

Example 3: Solveforx: x2+x=x%-2x+6

® Answer: x=2

Flakl Flotz Flot:
M1 ERE+E

e BRI =2H+E
N ==l

“Hy=

“MHo=

~NE= Intersection
wIa= u=z V=8
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Example 4: Solveforx: 15x-3(3x +4)=6. Choose the correct value for x.

1 (2)-% 33 @-1 i

3 s
Intersection /
=3

V=8

Evaluating Algebraic Expressions,
Relations and Functions

When working with algebraic expressions, relations and functions, the graphing calculator can be
used in a variety of ways to help evaluate the expression or determine the y-values for given
domain elements. The following methods may be used with expressions, relations and/or
functions. Relations and functions must be entered in the form of "y = ".

Consider the following methods for evaluating:

Substitute Directly:

Evaluate: x*-5x+2 when x=3

(o2 e=2000+2

* On the Home Screen, type the expression replacing x with the
desired value of 3.

* Dlace vour desired value in parentheses to avoid any possible
computational errors.
* Press ENTER.

* Your answer of 2 will appear on the Home Screen.

Store Domain Values:
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Evaluate: x*-5x+2 when x=3

® (On the Home Screen, store the value of 5

_:|.
into the variable x using the STOM button. i
Type 5 STOM x and press ENTER. I =Gk
¢ Type the expression x° — 5x+ 2 onthe |
Home Screen and press ENTER.
* Your answer of 2 will appear on the Home

Screen.

Store Domain Values and Utilize Y=":

Evaluate: y=3x*-5x+2 when x=5

# Enter the function into Y=

* On the Home Screen, store the value of 5 into the variable x using
the STOM button. Type 5 STOMP x  and press ENTER.

® Type Y1 on the Home Screen. (VARS, arrow right to Y-VARS,
#1 Function, Y1).

* DPress ENTER.

* Your answer will appear on the Home Screen.

Use TRACE with Appropriate Window:

Evaluate: y=x*-5x+2 when x=35

* Enter the function mto Y=

¢ B Set the WINDOW such that the desired value of 5 will appear
on the x-axis. (Zoom #6 will set a 10x10 viewing window )

* Press GRAPH.

* Press TRACE.

* Now, just type the desired value on the keypad and hit ENTER.

* Your answer will appear at the bottom of the screen after y = _ and
the spider will mark the location on the graph.

S

S
Y

2
[ |
Y{=Hz-ER+z

Type the
desired value,

w=2l

Ti=Hz-Ei+z

n=k V=2
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Use the TABLE:
Evaluate: y=x*-5x+2 when x=5 T?EITE‘LEEIEE
s Enter the function into Y= _ Iﬁdpﬂii Hut.o

Derend: =
* ® Set the TBLSET (above WINDOW) such that the Indpnt:

ASK 1s aghlighted. The ATbl can be set to any increment of
your choosing and the starting value 1s of no importance.

® Press TABLE (above GRAPH). The table will appear empty and

the X = entry will appear at the bottom of the screen. Enter your -
value of h
x = 5 and the answer will appear in the table. If you need another
value entered, simply type 1t in at the bottom of the screen.

* Your answer(s) will appear as a listing in the table.

=
or
s Enter the function into Y= THELE SETUP
Thlstart.=50
o ® Sect the TBLSET (above WINDOW) such that the ThlStart is I&Lb 1 E: 1
set equal to vour desired value of 5. The AThl can be set to any DQPEE IZ‘IE
increment of yvour choosing. Choose AUTO, AUTO.
® DPress TABLE (above GRAPH).
* Your answer will appear at the top of the table as the first value
under the Y1 column.
i Y
A
ci .51
L .04
£z .58
Ly 415
LE I
Ch L.Zh
A=
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Factoring

The graphing calculator can be a tremendous help when attempting to multiply or factor
algebraic expressions. There are several approaches you may use depending upon the

known information.
Answers can be "checked" to see if the correct factors have been found:
(particularly helpful when dealing with multiple choice questions)

Check Method 1: Check factors/answer on the home screen in equation form.
Factor x2 - 12x+36. OR  Find (x - 6)2.

® Choose vour "favorite” positive one-digit (for ease) integer
value and store the value in x (do not pick 0 or 1). For
example, tostorea7: 7 STOP x (R=BJ)E=XE=36

e Hit ENTER. g e 3 s i

® Enter the problem to be factored (or multiplied) and set "=" | Ll
to one of the possible answers (or the answer you wantto |/ M- i=KE—1 2%+35
check). The "=" sign is under 2nd MATH (TEST) #1 =.

* Hit ENTER. 1

e Ifa 0 appears, this 1s NOT the correct answer.
Ifa 1 appears, this IS the correct answer.

Check Method 2: Check factors/answer by graphing.
Factorx" - 12x+36. OR  Find (x - 6)".

» Enter the expression into the Y1= on the calculator.

* Enter the possible answer response into Y2=.

* Move to the left of the Y2= and choose the open circle. This setting will allow you to
clearly see the amimated circle crossing the screen.

» When the answer 1s correct, the animated circle will be "riding" on top of the original
graph.

» Keep checking until the correct answer 1s found.

* The only difficult feature of this method 1s the occasional need to adjust the viewing
window to see the graph.
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1B(X-6)2
oY EXZ+36

68

L |
sy =
e
“ME=
o i

The animated bubble does not run along the
original curve, It forms its own graph.
Thus 15 not the correct solution.

Flokl FlekZ Flokz

1Bl x-6)¢

Ay eBre—128+36
3

iy
M
“NES
~“NrH

The animated bubble runs along the
original graph. This 15 the answer.

Answers can be "found" by graphing and finding the zeros of an equation.

below:

Graph Method: Factors can be found by finding the zeros of an equation.

Find the factors of x2 - 3x - 4.

?H!H%!Hﬂ!
HYE) )

zetro
fminimum
42 maximum
Stintersect
&8 dusdx
FEIFOdn

T=HE-3H-4

LeftEound?
H=-1.2re506 |v=1.4594859

2nd CALC to
locate ZERO

Move spider to left
of x-intercept. ENTER.

¢ Enter the expression to be factored into Y=.
* Graph. The window may need to be adjusted to see where ~WiERE-3K-4
the graph crosses the x-axis (the x-intercepts or zeros).
¢ Use the ZERO (2nd CALC #2:zero) function to find the |- 40y =
x-intercepts or zeros (also called the roots). See steps ~Me=

Flakl Flokz Flokz
“Me=

MW=

~MNE=
MW=

T=HE-FH-Y4

RidhkEound?
H=-.62Bz979 |v=-1.677602

Movve spider to right
of x-intercept. ENTER.
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2k 2era
EEh el Wy

e

TE1E-1E

When asked for Repeat the process
Gueszz, hit ENTER. to find the other
Write down the x-intercept.
x=-1 Write down x = 4.

69

We know have
the zeros,
x=-1
and
x=4

® Tsing the zeros (roots), we can find the factors.

x=-1 x=4
x+1=10 x—4=0
{(x+)(x-4)=0
x*=3x-4=0

N 7

|/

The roots (zeros) of this equation

(where it crosses the x-intercept)
will help us find the factors.

Check to see if the factors are correct. Multiply the
factors to see if they give you the original

EXPIesS10n.

ANSWER:

Factors of x2 - 3x - 4 = 0 are (x + 1)(x - 4)

Example 1: (Multiple choice question)

The factors of x% + 5x +6 are
(1) G+ 1)(x + 6)
(2) (x+3)x+2)
(3) x+5)x+1)
(4) (x+6)(x-1)

Method 2:
Flatl Flokz Flots
“NiERE+HSHYE
A zBCHE+L 3 CHAED
L
Hy=
wHe=
“WE=
“Me=
o
T

The two graphs do not overlap.
This is not the answer.

Method 1:

v
§§+5H+E=iH+1}iH+

5]
REHIRFESCA+I At
22 {

The "favorite” number stored was 7.
When you hit ENTER and a "1" appears,

you have found the answer.

Flokl Flotz  Floks
wMERE+DR+E
WY BRI (x+2)

L
“My=
W=
wWE=
wMes

l

The animated bubble overlaps the

original graph. This is the answer.
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Linear Inequalities

(single variable)

Example 1: Solve the inequality:

3x+1£-2
i | .. Flotl Flotz Flob:
¢ Enter each side of the inequality into Y; and Y, Wi B3K+H1
-] -
+1%-
* Enter the inequality statement into Y3: t$3 EEH ST
_ _ wWe=
}; =3x+1<-2 “Ng=
{The inequality symbols are under the TEST Menu - all s
2nd MATH.)
This step could also be entered as Yy = Y.
® Graph. Use the intersect option (2nd Trace #5 e /V
Intersect) to find the exact point where the inequality
answer begins. / E
* Do a Boolean Check: Where the inequality 1s true,
the y-values on the graph will be a 1.
A Ve V'3
¢ Ifyou look at the table, 0's will be listed where the e = x
inequality is false and 1's will be listed where the :_15 :E %
inequality is true. (arrow fo the right to see additional :g :E 0
tabfgls} -B s h
Y3=0

* Answer: x=<-1

* Remember that the calculator cannot draw an open or
closed circle on the intervals. You will have to
determine which circle 1s needed based upon whether
the inequality includes "equal to".

If vou turn off the axes (FORMAT - 2nd ZOOM), vou will be able to see the graphing of the 0's
and 1's more clearly. Notice that the small vertical segment connecting the ('s to the 1's 1s simply
the calculator being set in "connected” mode. Change to "dot” mode to eliminate this segment.
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Example 2:  Solve the inequality:
—2x-1=3

# Enter the inequality into Y
¥=-2x-123

* Graph

* If you enter the inequality directly into Y7,
you will see only the Boolean graph. It may
be necessary to look carefully in yvour table
to find the exact point where the inequality
answer begins.

e Such answers can be found easily if the
answers are integer values. Otherwise, vou
will want to use the intersect option
mentioned above to find an exact answer.

e Answer: x <-2

* In this problem, the calculator automatically
took care of reversing the direction of the
inequality when solving.

Example 3:

Algebraic solution:
Solve each equation separately. The answer will
be points that make BOTH sets true.

2x-4<8 x+327
2x <12 x=2
<06
Answer: 2<x<6
| i o4 5 T8

oo |

[

Graph the solution set for 2x-4=<8 and x+3=7

Graphical solution:
Both inequalities are entered into Yy with the

use of "and".
Find "and" by using the CATALOG (2nd 0)
or TEST (2nd MATH)— LOGIC, #1 and.

Flakl Flotz Flakz
wWiE2A-4=8 and =
+5=7
wWe=
W r=
W y=
wMe=l
MW E=
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Graphing Linear Inequalities
Graphing Linear Inequalities

Example 1: Graph y = 2x+1 @i‘éﬁi‘f Fiots |
L=
e Enter 2x + 1 into Y1 tﬁi:
e Arrow to the far left side of Y1 zﬁ: =
e Hit ENTER until the "shade above" symbol b3 s
is displayed.

o Hit ZOOM #6 ZStandard (for a 10x10
window)

¢ Graph

e NOTE: You will have to determine whether to
draw a solid line or a dotted line for y=2x + 1.
This problem uses a solid line because of the
"less than or equal to" sign. The calculator will
display a solid line at all times.
(The Application program called "Inequalities”
will display solid and dotted lines on the graphs.)

Example 2: Graph y <-3x-3

. Flatl Flokz Flot:
» Notice the "shade below” symbol to the far left  [w¥18-3x-3
M= m
of the Y;. s
* Again, you must determine whether to draw a :3:;

solid or dotted line. This problem uses a dotted ~ |*/E=

Wa=
line because it 1s strictly "less than" (no "equal L
to").
- . . Floti Plek2 Fleks
Example 3: Solve the system: Wy ETNT
prAxt+7 WeB(3-30K8+(4-3)
3x -3y <-4 “Yim
xRy Wy=
Y=
* You will need to isolate the y variable in the i 1

second equation so that it can be entered into the
calculator with the "shade above" indicated.
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Solving algebraically,

3 4
3x -3y <-4 becomes 5y >3x+4 and y > gx +§
(be careful of the direction of the inequality symbol in

this problem.)

* The answer 1s the double shaded region on the
graph.

Flakl Flakz FlotZz
RY1ER+1

kB K+l

ag -2
“Yy=
“Ne=
“YES
sMWa=

Example 4:
Solve y=x+1 and y=—x+1 and y =-2

» Enter all three equations with appropriate "shade

above" or "shade below" symbol.
» Answer 1s the darkest shading.

Zoom Decimal view.

Solving Quadratic Equations

Find the solutions (roots) of a quadratic equation using the graphing calculator.
Consider the following examples:

1. |Using the ZERO Command

Solve: x2 —S5x—14=0 Standard 10 x 10 window
Since this equation is set equal to zero, the roots will be the locations \ /
where the graph crosses the x-axis (if the roots are real numbers).

(Remember that the x-axis is really just y=10.)

1. Set 7, =x* —5x-14

2. Use the ZERO command to find the roots -- 2nd TRACE

(CALC), #2 zero
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3. Lefi bound? Move the spider as close to the root (where the
graph crosses the x-axis) as possible. Hit the left arrow to move
to the "left" of the root. Hit ENTER. A "marker" P will be set
to the left of the root.

4. Right bound? Move the spider as close to the root (where the
graph crosses the x-axis) as possible. Hit the right arrow to move
to the "right" of the root. Hit ENTER. A "marker" <« will be set
to the right of the root.

5. Guess? Just hit ENTER.

6. Repeat the entire process to find the second root (which in
this case happens to be x="17).

Answer: one of the roots isx=-2

ek ‘\I
n="E V=1

=Hz-EH-14

LFk B-:-undS
=-1.91489Y

¥=-.7EE7 LYY

=Hz-EH-14

|

Eidht Eound?
=-e.240heE IY=E179718%

P=Hz-EH-14

1

QUessT 5\
n=-1.70z1iz@ I¥=-z.EBziz:

Using the INTERSECT Command

Solve: 2+ L2y =7x—2

Since this equation is NOT set equal to zero, the ZERO
command cannot be used to look for roots(unless you re-write the
equation so that it IS set equal to zero).

If you do not want to re-write the equation, solve using the
intersect command to find the points where the two expressions intersect
(if the roots are real numbers):

1. Set ¥, =2x*+2x, ¥, =Tx-2

2. Use the intersect command to find the roots, 2nd TRACE
(CALCQC), #5 intersect.

3. First Curve? Move the spider close the point of intersection
that you want to find. Hit ENTER.

4. Second Curve? Just hit ENTER.

5. Guess? Just hit ENTER.

6. Repeat the entire process to find the second root (which in this
case happens to be x = 2).

Answer: one of the roots 1s x = 0.3

Inkerseckion
n=.t

Window [-3,3] x [-3.15]

T

Ti=zHT+ZH

e

Firskcuryg™
W=.E10azHz

i

¥=1.5427 7ok

YE=ri-2

e

N

Secand Cury

4
H=.F106z283 £

it=1.E7446E1

—
rt
=
-
1
r

e

ouess?
w=.F106z0%

™~

¥=1.E744681
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Only One Root?

Solve: " —4x+4 =0

When graphed, this equation only intersects the x-axis in one
location. This tells you that this root repeats itself.

A%

If a reading appears such as 1.9999991,
the actual answer is most likely the

Standard 10 x 10 window

/

2 _ =
number 2. Check your assumption that the * A +a=0
answer is 2 by substituting 2 into the -Dx-2)=0
ke original equation to see if it satisfies the x=2; x=2
H=1.9999981 |t=0 equation.
4 What if the graph does not intersect the x-axis???
" |(or the "intersect" option shows no intersections)
Solve: x* —3x+9=0 Window [-5.5] x [-5.15]
When graphed, this equation does NOT intersect the x-axis. This
tells you that the roots of this equation are complex (imaginary)
values. Dig out the quadratic formula to find the roots. E
x*-3x+9=0
_ —b+~b? —dac
2a
|3 JEy -0 ©)
2(1)
v 3£+9-36
2
3+ 27
=
2
L 3333 3 B
2 22
5. |[Need to WRITE a quadratic equation from a graph?

If you are given the visual graph of a quadratic equation and yvou
are given (or can identify) at least 3 points, you can use the
Quadratic Regression process to create the equation of the graph.

Write the equation of the parabola shown at the right, given
that the points (0,2), (-1,9) and (3,5) are on the graph.
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matching y-coordinate in Lz)

3. On the home screen: QuadReg L1, L2

A possible equation is

y=2x" —5x+2

76

1. Enter the points into L; and L (x-coordinate in L1 and

(See Basic Commands for Stats if you need more assistance.)

2. Press STAT. Arrow over to CALC. Choose #5 QuadReg.

4. Press ENTER. You will see the screen at the right showing
you the coefficients and constant of the quadratic equation.

L1 Lz L: 3
] z [——
1 g
3 L

L=

QuyadRea
u=axE+hxtc
a=2
b=-
=2
Rz=1

[ |

Solving Quadratic Equations (downloadable software)

The program solve the quadratic equation with the real roots by the given coefficients A, B and C

at the given equation at the form of Ax? + Bx + C = 0.

Press PRGM and choice 3: QUAD

#Ef EOIT HEW

Press ENTER twice. Type the
values of the coefficients 4, B

and C. After typing of the each
value, hit ENTER.

Let solve the equation

PDL?D
EHTEIEHELP
S:VECARDDO
FramUAD FrgmEHLAD Efg ];5
A=l C=7-14
C=7-14m _E
Oaone

x2 — 5x — 14 = 0. Type the
coefficients: A = 1,B = —5 and
C = —14. Press ENTER and read
the answer.

If, even one of the roots from the quadratic
equation will be irrational, the screen shows
for you:

EER:HOMREAL AHS
it
Goto
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Working with Parabolas

Solve the following problem involving a parabola:

a. Graph the parabola ¥ ~ x* = 4% on the interval [-1, 5].
b. Find the turning point (the vertex).

¢. Find the axis of symmetry.
d. Find the roots.

a. To graph the parabola, enter the equation into y =. The graph can be seen by using a standard
10 x 10 window (Zoom 6), but this question specifies the interval [-1, 5].

Standard 10 x10 window Setting WINDOW to [-1, 5] Interval [-1. 5]
W I HOD
Amin=-1
AMax=0 Jff
wecl=1
Ymin=-18
Ymax=18
Yscl=1
wres=1
b. To find the turning point, you are looking
for the minimum (or maximum) value of the You may be tempted to use the TRACE option to
parabola. For this problem, we will need the move to the turning point, but be careful. Used in
minimum option. this manner, the TRACE option may only place
you "close" to the turning point and not at its
Graph the parabola "exact" location. To be sure you have the "exact"
location, use the minimum and maximum
options.
Locate minimum For the "left bound", choose An anchor for the left
(2nd CALC #3). any location to the left of the | position will appear. For the
Fﬂ!g%l!ﬂ'! turning point. Press "right bound", choose any
ialue ENTER. loeation to the right of the
2 u
- ﬁ?n?mum Yi=Hz-uy turning point. Press
Slmaiimum . JfH ENTER.
: lhLterzec =Hz-
[=Hs 1= a7 e
7O d E\k_ \[ /
L&FLE q7
He e PHOMZE W2 E.3F0303 k e
Fidht BEound=
n=z.clegfpl  Y=-e.Ez91mm
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Press ENTER to by-pass The minimum coordinates
"ouess”. will appear. These are _the Remember, when you
'|'1=H1-'-|pH ‘ coordinates of the turning see an answer such as

19999994 the actual
answer 1s most likely 2.
/ To wverify, check the value

x = 2 mto the equation

/- point, (2, -4).
=

GUess? = and the result will be v =
H=3.iizFEE  ¥=-2.5z5198 E’\__)(___f’f " !
Hoidanoasy v=-y
100 XxX=2
¢. Once you know the turning point, you know where the al
line which is the axis of symmetry is located. The axis of i
symmetry passes through the turning point. For this af
example, the axis of symmetry is x = 2. There is no need 2t /
to graph the axis of symmetry on the calculator. i 3 —
A
i
By {2! '4)
&t
ol

d. To find the roots, you need to find the points at which the graph crosses the x-axis. Again, do
not be tempted to use the TRACE option as it may not give the "exact" locations. Use the ZERO
command to find the roots.

Locate the zero command.

2nd TRACE (CALC), #2

ZETO

?i]!!{.l!ill!
ivalue

Zero

fminimum
2 Mzl mum
Siintersect
[ = B
Folfisids

Left bound? Move the
spider as close to the root
(where the graph crosses the
x-axis) as possible. Now, hit
the left arrow again to move
to the "left" of the root.

Hit ENTER.
Yi=Hz-4}

L&Ft Baund?

=-.c8r7EFes: Wel.eB0elirE

A "marker" (anchor) P will
be set to the left of the root.
Right bound? Move the
spider as close to the root
(where the graph crosses the
x-axis) as possible. Now
move to the "right" of the
root. Hit ENTER.

T1=Hz=-4i
k
Fiaht Eound?

n=E191488 Y=-1.B4Y472E
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A "marker" (anchor) - will
be set to the right of the root.
Guess? Just hit ENTER.

The coordinates of the zero
(the root) will appear.
Root at x = 0.

T=Hz-4

FEA
NU&ss” 2&Fa:
n=.Ex19i489 Y=-1.B447Z6 =k V=0

Repeat the entire process
to find the second root
(which in this case
happens to be
x=4).

Solving Systems of Equations

1. Solve the system: y=-2x+9 and y=3x-4

1. Enter the first equation into Y].

2. Enter the second equation into Y.

3. Hit GRAPH.

4. Use the INTERSECT option to find where the
two graphs intersect (the answer).

2nd TRACE (CALC) #5 intersect

Move spider close to the intersection.

Hit ENTER 3 times.

5. Answer: x=2.6 and y=3.8

Intersection
=Z.h v

Flakl Flokz Flokz
wWiE-2R+3
~HeB3E—-4
wWr=

wWy=

wWe=

wWE=

wWe=
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The graphing calculator will only accept entries
that start with y =, so we need to solve these
equations for y =.

. Enter the first equation into Y7.

k=

. Enter the second equation into Y3.

. Hit GRAPH. The graphs appear to intersect
OFF the window. We need MORE x-values to the
right hand side of the graph. Go to WINDOW.
Increase the size of Xmax. Hit GRAPH.

Lad

4. Use the INTERSECT option to find where the
two graphs intersect (the answer).

2nd TRACE (CALC) #5 intersect

Move spider close to the intersection.

Hit ENTER 3 times.

5. Answer: x=12 and y=-1

Inkgrseckion
n=lz " L F=-1

2. Solve the system: x-2y =14 and x+3y=9

Flatl Flotz Flat:
~iERA2=T
x?zE'H53+3

Oops!! They don't cross in the
window.

Better! Xmax was increased to 2

"

0.
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3. Solve linear quadratic system: y=x?-4x-2 and y=x-2

1. Enter the first equation into Y]. Flatl Flotz Flot:
2. Enter th d equation into Y B E cdeime
2. Enter the second equation into Y3. Wz B -2
3. Hit GRAPH. ~r =l
~hy=
4. Use the INTERSECT option twice to find the :$ E —
two locations where the graphs intersect (the “Me=
ANSWErs ).

2nd TRACE (CALC) #5 intersect
Move spider close to the intersection.
Hit ENTER 3 times.

5. Answer: (5,3) and (0,-2)

Interseckion
n=k "

Interseckion
n=0 "

Solving a Linear - Quadratic System

A quadratic equation is defined as an equation in which one or more of the terms is squared but
raised to no higher power. The general form is ax? + bx + ¢ = 0, where a, b and ¢ are constants.

Linear - quadratic system:
(where the quadratic is in one variable - only one variable is squared)

In a linear- quadratic system where only one variable in the quadratic is squared, the graphs will
be a parabola and a straight line. When graphing a parabola and a straight line on the same set of
axes, three situations are possible.
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y y }
. - e ] e
r T1E.8) \ 6F J 1
st A i ] R smay
1 Ak ll} I\Il.i: ’f i 4
\ Ll V2t \ & /
3,0, L7 _ SRCHH P L | EEEHA
108 6 4|2 2 f.i 5 8 10" 108 6 4 2\[ 2 } 68 1 08 64 4 2]4 6 8AC
\4fF N WE /
\ L | P N
‘\'E'f ! 'E: __ o
\of / s @.%) 5
R Aok -0
AHe -2t <12
-14F 14] -14

The equations will intersect in two | The equations will intersect in one The equations will not intersect.

locations. Two real solutions. location. One real solution. No real solutions.
Solve graphically: y = -x* + 2x + 4 (quadratic - parabola)
X +y=4 (linear)
1.  |Change the linear equation to "y=" form. y=-x+4
2.  |Enter the equations as "y1="and "y2=". Flotl Flotz Flots
(Be sure to use the negative key, not the subtraction key, for ::$ l E _ﬁ;iz}i +4
entering negative values.) ~Ya=R
wMy=
“YE=
~We=
W=
3. |Hit GRAPH to see if and where the graphs intersect.
(Using ZOOM #6: ZStandard creates a 10 x 10 viewing
window
You may need to adjust the WINDOW to see a clear picture of
the intersection locations for the two graphs ) / -\'\'\-\_\_\_\
4. |Under CALC (2nd Trace) choose #5 intersect to find the |
points where the graphs intersect. . ESPEE
SEMindmum
2 max i mum
as intersect
Bs oo
R RSP T
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5.  |When prompted for the "First curve?", move the spider on,
or near, a point of intersection. Hit Enter.

Y1=-H+Yy

Firsk curye?
n=n |

=4

6. |When prompted for the "Second curve?", just hit Enter.

YE= "HE+2H+Y

Second Curye?
n=n I I¥=4

7. |Ignore the prompt for "Guess?", and hit Enter.

¥=Y

GUessT
n=n

—h___qﬂ

8. |Read the answers as to the coordinates of the point of
intersection. These coordinates appear at the bottom of
the screen.

Point of intersection (left side): (0,4)

Y,
e

Y=y

i~/

Inksrseckion
n=n

9.  |If your graphs have a second point of intersection, repeat
this process to find the second point. Choose the #5
intersect choice and repeat the steps for finding the
intersection.

Point of intersection (right side): (3,1)

-y
o

Igt-zr's-z-:ti-:-n

n=z [ =1

Linear - quadratic system:

(where the quadratic is in two variables - both variables are squared)

Solve graphically: X2 +y? =25 (quadratic - circle)

X-y =5 (linear)
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Change the linear equation to "y=" form.

y=x-5

Change the quadratic equation to "y=" form.

x2+y2:l:7- y:tw..-'li—xz
yz =25-x can be entered as two separate entries:

7 ¥ =+ (25—
¥ = 25-%)

or a "list" notation may be used:

¥ ={1,-1 (25-x%

Flokl Flotz Flot:
;«'-:.lHl{la “13 I C25-m

~eBR-5
we=
~hy=
~We=
~NE=
Enter the equations.
The circle entry shown here uses

the "list" notation.

If you hit GRAPH at this point using a
standard window (ZOOM #6:
ZStandard) your circle will not

.

resemble a circle due to the 3 to 2
aspect ratio of this screen.

Choose ZOOM #5: ZSquare to get a true looking circle.

Notice the missing pixels near the x-axis.

Under CALC (2nd Trace) choose #5 interseet to find the
points where the graphs intersect.

3
value
P ZErD

fminimum
Fia 1M
intersect
s (S s s

HI K ST T s

We will find the left point of intersection first. When
prompted for the "First curve?", use the down arrow key
to move to the bottom portion of the circle. Hit Enter.

Y={ls -1 TEE-REd

b
NE;

Firsk curye?

When prompted for the "Second curve?", just hit Enter.

H=n i ="t
Ve=n-t

Second curvg?

H=n ~ IM=-E
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7. |Ignore the prompt for "Guess?", and hit Enter. Yezi-&
GUEss? >
n=0 ="k
8. |Read the answers as to the coordinates of the point of
intersection. These coordinates appear at the bottom of hq“"..
the screen. -'f-_
Point of intersection (left side): (0,-53) l\"ﬂ
Intersection
n=n + I¥=-k
9. |We will find the right point of intersection next. This
point is occurring where the missing pixels are located.
We need to zoom in at this location to place more pixels
on the sereen.
After zooming, go to CALC (2nd Trace), choose #5
intersect, and find the points where the graphs intersect.
10. 1={1. '1}“25-{:? YE=n-E \l/ 'I'E = 5/
.Fir'stcur".'-z':' .Etc-:-nd CUFY?
n=4.8989995% Y=.00e10164 n=4.898888% Y=-Z7EZECR H "I 5555553 ¥Y=-Z.7cZE"h
Notice the graph is set to Y1. Use up and down arrows to get No need to guess. Hit ENTER.
Y2
11.

Point of intersection (right side): (5,'])

-Int-zr's-z-:ti-:-n
n=E - A =0

When working with a circle, always check the equation statement in the upper left corner to see where yvou

are. The up and down arrows will move you between the equations.
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Transformations

Using the graphing calculator to examine transformations:

Figure being used will be a triangle: A(1,1), B(6,3), C(4,7).

1. Clear entries in the Y= positions (or turn them off).

2. Turn on the Connected Graph icon under StatPlots.
Go to StatPlot - #1 Plot - highlight On - highlight second
icon.

Xlist is the name of the list where the x-coordinates will be
found.

Ylist is the name of the list where the y-coordinates will be
found.

Mark: choose the heavier mark to represent the original
figure.

3. Enter values into L1 and L2. Enter the x-coordinate in
L1 and its corresponding y-coordinate in L2. Enter the
first coordinate again at the end to complete the

connected drawing.
(See Basic Commands for help entering data in lists.)

The original triangle is now residing in Plotl. When
graphing do NOT choose ZoomStat for the window. We
want to have a coordinate axes for examining our
transformations. Use a standard 10X10 window
(ZStandard) for this problem.

4. We will be placing our transformation coordinates
into L3 and our transformation figure will reside in Plot2.

Reflection over the x-axis: (negate y-values)

istily
YlistilL:z
Mark: B +
L1 JLz Lz F
i ' .
[ 3
y 7
1 h
LZ(E} =

Store the negated y-values into list L3. You can type them in yourself or let the calculator create
the values. Arrow up ONTQ L3 and enter - L2 (to negate the y-values). Press ENTER.

Lz L) ]
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Set up Plot2: Xlist: L1 and Ylist: L3

(I like to choose a different "Mark" so that the transformation can be easily distinguished from the original drawing.)

Fluki F Floks
eot L
- -:u- |_

“listild
Ylist:ilz
Mark: o +«

Reflection over the y-axis: (negate x-values)

Let L3 be -L1. Under Plot 2, assign Xlist: L3 and Ylist: L2. Graph.

1 Lz L 3| [F1ar1 F Flokz
1 ' F

B K o= H

; i -m HII-! Ii

____________ wlistilz
Y1listil:z
Mark: o +« H

Reflection over the line y = x: (switch coordinates)

Under Plot 2, assign Xlist: L2 and Ylist: Y1. Graph. Your might also wish to graph Yi=xto
show the line of reflection.

i Lz Lz z PMHDF Flakz
i i T

E ; I-H L i
i 1

Reflection in origin: (negate both coordinates)

Let L3 =-L1. Let L4 =-L2. Under Plot 2. assign Xlist: L3 and Ylist: Y4. Graph.
Lz Lz LM Y| [F1eki F Flokz
1 -1 -] 0
) "B "3 ﬁpe: o el Jhy EZ,\_-
i s |m-|

I D B N R T AT
Ylizf:lu {7
Mark: = + H

Luifi=-1
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Translation (x,y) — (x -7,y -2):

LetL3=L11-7. Let L4 =12 - 2. Under Plot 2, assign Xlist: L3 and Ylist: Y4. Graph.

Lz Lz L4 4 F'1-:-I:1DF Flokz
- -1
A S Pl = -~
: N B T [
__________________ mlistilsz
“1iztily
Mark: o + H
Lyiii= -1

Dilation of scalar factor 2: (in the origin)

Let L3=11%*2. LetL4=0L12 * 2. Under Plot 2, assign Xlist: L3 and Ylist: Y4. Graph. Adjust
the window to see the dilation.

Z

i

z iz 8 EF‘E'HL" M
7 :] iy HH-- HIH |~
i z z . = =
__________________ mlist:

Lyifa=22

WIHDOW
amin=-1A
ABmax=2=6
necl=1
Ymin=-1A
Ymax=2A
Y= l=1
#res=1

Transformations — Rotations

Using the graphing calculator to examine transformations:

Figure being used will be a triangle: A(1,1), B(6,3), C(4,7).

1. Clear entries in the Y= positions (or turn them off).

F Flakz  Flokz
2. Turn on the Connected Graph icon under StatPlots. dJpel o N J
Go to StatPlot - #1 Plot - highlight On - highlight second icon. w]ist, :u_l'_"1 =
Xlist is the name of the list where the x-coordinates will be found. Ylist:ilLz:

Ylist is the name of the list where the y-coordinates will be found. Mark: B -+
Mark: choose the heavier mark to represent the original figure.
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L1 Juz JLz i

3. Enter values into L1 and L2. Enter the x-coordinate in L1 and its 1
corresponding y-coordinate in L2. Enter the first coordinate again E %
at the end to complete the connected drawing. i

(See Basic Commands for help entering data in lists.)

The original triangle is now residing in Plotl. When graphing do
NOT choose ZoomStat for the window. We want to have a
coordinate axes for examining our transformations. Use a standard I :

10x10 window (ZStandard) for this problem.

4. we will be placing our transformation coordinates into L3 and E
our transformation figure will reside in Plot2.

Rotation of 90° counterclockwise: (x,y) — (-y,X)

Store the negated y-values into list L3. You can type them in yourself or let the calculator create
the values. Arrow up ONTO L3 and enter -L2 (to negate the y-values). Press ENTER.

L Lz LE 3| [Frera D Flotz
i i -] |
T E ol <0
1 1 -1 = =
__________________ Hllst-L
Wlistilo
Mark: = + B
Lah= -1

Rotation of 180° counterclockwise: (x,y) — (-x,-y)

Store the negated x-values into list L3 and the negated y-values in L4. Under Plot 2, assign Xlist:
L3 and Ylist: Y4. Graph.

Lz Lz LY 4 F1akl Fl1ak=

1 -1 [T ] #ﬁ ilE

BRENE Sl

1 -1 -1 e i Ei

__________________ mlistilz
e 12:7
Mark: = + B

L"IIZ1II='1

Rotation of 270° counterclockwise: (x,y) — (y, -x)

Store the negated x-values into list L3. Under Plot 2, assign Xlist: 1.2 and Ylist: Y3. Graph.

L& Lz L4 4 P1¢t1D Floks
- [
;| Teotl: m ﬁ}.
i :; wli tm‘l_" ==
____________ 1=Lsil¢
Ylist:ilz :-. =
Lyiii= Mark: = « B
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Equations and Inequalities
with the Absolute Value

EQUATIONS:

Example 1: Solve: |x| =4

e Enter left side in Y1. You can find abs()
quickly under the CATALOG (above 0)

( or MATH — NUM. #1 abs()

» Enter right side in Y2

o Use the Intersect Option (2nd CALC #3) to

find where the graphs intersect. Move the

spider near the point of intersection, press

ENTEER. Simply hit ENTER. twice more.

You must repeat this process to find the
second point of intersection.

o Answer: x=4; x=-4
Example 2: Solve: |3x —8| =7

o Answer: x=2; x=33333333
The x value 1s stored in the
calculator's memory. If vou wish
to change 3 333333333 to a
fraction, simply return to the home
screen, hit x. hit Enter. Now,
change to fraction. (MATH,

#1 P Frac )

Answer: x=2; x=10/3

Fiatl Flet2 FlotZ:

MNiBabs R

M2 Bd \\ /

why=

\$u= \ 3

wMWe=

SNE= .-'/

W=

Interseckion
E =y W=y
Intwrsection | |
M=k =t
T

Flotd Plokz Flokl
W1 Babs(3K-8) \ /
WWeB2 .
M=l 5
wWy=
H$5= \4 Int K
wWes 3 ntersection £
Wo= o s [£E X (EF

Intsrsection
#=g V=2

Example 3:
Solve: |2x-1|=0.5x+2

* Answer: x=-4; x=2

Flotl

=YiBahs2H-13
el SE+
sNr=l

wNy=
sle=
wNg=
sWe=

Flok2 Flok:

A

—

Interseckion
=g

V=3

_F"-ﬂ-'_'-

Interseckion
=y

¥=1.8
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INEQUALITIES:

Example 4: Solve: |2 —x| >3
Boolean Check:

¥ =abs(2-x)
7, =3
V,=abs(2-x)>3

(The inequality symbols are under
the TEST Menu - 2nd MATH.)

Answer: x=<-1; x=5

You could also enter ¥, =¥ > ¥, { using Y) and Y7 found under

2
Vars —Y-Vars, Function)

Where the inequality 1s true, y-values on the graph will be a 1.

If you look at the table, 0's will be listed where the inequality 1s false
and 1's will be listed where the inequality 1s true.

Determine exact cut off points by using the intersection option.
Eemember that the calculator cannot draw an open or closed circle on the intervals.
You will have to determine which circle iz needed based upon whether the inequality
includes "equal to”.  Find the endpoints by using the intersect option (2nd TRACE £3
intersect).

If you turn off the axes (FORMAT - 2nd ZOOM), vou will be able to
see the graphing of the 0's and 1's more clearly. Notice that the small
vertical segment connecting the 0's to the 1's 15 simply the calculator

being set in "connected” mode. Change to "dot" mode to remove this
segment.

Flokl Floktz Flebx

siBabs2-K2 3

\yo=

You "can" enter the inequality directly.
Since you will not have the two graphs

Flotl PlokZ Flokl
N Babs 2Ry

W3
WWiBabs(2-H3 33
WY Y=
sWe=
o=
wr=

B

— T

Yz

IFt

Tl Nt B P BaF L P i) -.‘_’:

rl‘lﬁ-ﬁ =S

A | BRI

|
1l
=

sMe=
wMys=
wYe=
sMes

from which to determine the intersection
points, vou will need to examine the table

o= e F .

to determine the exact value of the

open/closed endpoints.

Ll ol b= =0 =1~} -{:

MIEE LR L

pre
[
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Example 5: Solve: 2< |x +1| <6

Algebraic solution:

2<|x+1| |x+1|<5
2<x+]l or -2>x+1 x+1<6 and x+1> 6
*x>1 or x <3 x<5 and x> -7

Answer: The values that make the compound inequality true are
-7<x<-3 andalsol1<x <5"
Calculator solution: (inequality expression is entered using "and")

[and can be found quickly under the CATATLOG {above 0) -
or TEST (2nd MATH)—LOGIC, £1 and]

VB2 ahs Rr1) o tos
wh abstat el g | 0,00
nd abs(a+lace Lovo | 000
s S T g0 | Lobo0
Wiz Sl pE
WMes % 0, (0
W= =6
Dhifferent table settings can be used to examine the data:
T T
" GED il
o000 | 000 a0 | To00
1.010 1000 “ENF0 | 100
10zo | 1000 -=u0za | 12000
L8 | 248
1,000 g o000
A=1.05 m=2.99

Algebra of the Functions

The graphing calculator can be used to investigate algebra of functions.

Algebra of Functions:
(F+a)x); (F-2)x) (Fa)); (F/g)x)

+¥, represents (f +g)(x)
- ¥, represents (f — g)(x)
Y, represents (f-g)(x)



Family
Typewriter
94


95

* When entering the multiplication of functions, several notation entries are
possible:

Y=Y or EK=Y*F BUTNOT Y,=I(})) asitis composition.

* Remember when performing the division of functions, that zero
denominators
cause problems and will affect the look of the graph

* Remember that vou can find the Y-subscsripted variables under the VARS
key: arrow right to Y-VARS, and choose 1. Function.

Example:

Given:
fixi=2x+4 Flotl Flotz Floks
si0-5x- N

a) graph: (f+2)00); (F-g)Cx) (Fg)l); (F/2)x) :ﬁgmjﬁ

b) find: 1 e= s
F+2)5) (f-2)2); (f2)O), qrg)[gj EgY1Ye

Solution:

1. Enter f(x) into ¥; and g(x) into ¥5.

2. Enter the expression for the operation you will be examining into 73
(or into successive locations).

3. Turn off the first two entries, as well as any other entries that you do not want
graphed.

4. Set an appropriate viewing window for the graph.

5. Graph. (this will be the answer to part a)

6. While on the graphing screen, hit TRACE. Simply enter the number you wish to find
(1f that number is within the viewing window.) Hit ENTER for the answer.
(this will be the answer to part b)

OR

From the home screen, enter ¥3( 5 ), assuming your functions are entered in ¥ and
¥, with the operation expression in ¥3. Hit ENTER.
(this will be the answer to part b)
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(f*+2)x) and (f+2)5)

LECE B

n=k Y=z

(f—2)x) and (f - 2)(-2)

Yu=Y1-¥e

(f+2)(x) and (f-2)(0)

YE=V1kYE |

n=n Y=-2y

(fig)t0) and <ffg>[15]

YE="1/YE
S

n=.t ¥=-14zB8571

Dot Mode was used here to

avoid seeing the connected "heart beat”
where the denominator equaled zero.

Complex Numbers

The graphing calculator can be a very useful tool for checking your work with complex numbers.

Keep in mind, when working with a graphing
calculator, that there may be more than one way to arrive at an answers

You get an error message when you try to enter the
square root of a negative number when in Real

Mode.

You need to be in a + bi mode to evaluate the
square root of a negative number.
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Now, let's look at the arithmetic of complex numbers:

Add:
@2 + 4i) + (3 - 2i)

C24Hd 00320
. o+

i

Subtract:
(6 -3i)-(4+5i)

Multiply:
(3 + 2i) (4 - 2i)

CE—3L p—0q+00

=1t
|

CIH20 a4 -20 0
. 16+2i

Divide : (2+3l)f (4—3i) (answer appears in a + bi form) WOW!!

For TI-83+ and for TI-84+ with OS
prior to OS 2.53MP.
2+ 204 =1F4 2
- Bd+, T
Ans*Firac
-1-25+18-2514

In this display, § 1s NOT 1n the
denominator! The calculator 1s
simply listing order of operations.

The calcolator did the conjugate work for you.

TI-84+ with OS 2.53MP

(2431, 0 7C4=-31)
- B4+, 724
-. B4
-. a4
ArsrFrac :
ZSE
2
T2
AnskFrac
18
ZE;
]

Be careful to write your final answer
correctly.
Note the location of the 7 in the final

afnswer:
1 1%
+

—t

I

NOTE: On OS2.53MP, if the
decimals you are trying to "grab” to
convert to fractions are really long,

use
MATH - CPX - real( and imag( to
"grab" the full decimal value for
converting "a" and "b" to fractions.

Using the calculator to investigate powers of i:

Investigate the powers
of 7.

You can look at many powers at once
by using a hst

, i
12
) -1
173 .
. =i
i"4

1

... use right arrow to seroll to the right
to see all of the answers

These values will appear when
you are in either Real Mode or in
a + bi mode.
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L6567 L5667 | |
G071 - o] RSSen13- 1-2e hat Hind opmamber s

This number is really just - L
- 3E- 13 15 50 small, it 15 considered

to be zero.
(E-13 iz Scientific Notation meaning 10 raized
to =13 power)

There are also special functions on the graphing calculator to deal with complex numbers (but
you probably won't need a calculator for many of these functions):

MATH |":||_||"1 Mz FEE 1. conj( returns the complex conjugate of a complex number.

. F—__gg{ E conj(2+5i) gives 2-5i
35 imagl
d:graler 2. real( retl.nns.the "a" value 1n an a+bi complex number.
El -ElEE- i ¢ real(2+51) gives 2
: kB
F:+Polat 3. imag( returns the "b" value in an a+hi complex number.

imag(2+5i) gives 5

5. abs( returns the absolute value of the complex number.
abs(5+12i) gives 13

(Note: The absolute value of a complex number may also be called its magnitude. It you plot a complex
number as a single point, the absolute value represents the distance from the origin to that point. If you
plot a complex number as a vector, the absolute value represents the length of the vector.)

Composition of Functions

The graphing calculator can be used to investigate the composition of functions (composite
functions).

Working with composite functions:

(Jegdy= fgkn

=7 00
B,=g00
¥, = F,(F) represents (f g)(x)

* Remember that you can find the Y-subscsripted variables under the
VARS key: arrow right to Y-VARS, and choose 1. Function.
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Example:
Given: Flotl Flotz Flobs
R =R EEEn+]
FJl)y=x"+2x+1 =T E
g(x)=3x+3 x$3E¥1i¥z}
“My=
a.) graph (f o g)(x) wMe=
b)) find (f e 2)(3) “Ne=
W=
Solution:
1. Enter f(x) into ¥; and g(x) into ¥5.
2. Enter the expression for composition into ¥s.
Y =1)
3. Turn off the first two entries so that their graphs
do not appear when the composition is graphed.
4. Set an appropriate viewing window for the graph.
FE=0YeED

5. Graph. (this will be the answer to part a)

6. While on the graphing screen, hit TRACE. Simply
enter the number you wish to find (if that number
18 within the viewing window.) Hit ENTER for the
answer. (this will be the answer to part b)

OR

From the home screen, enter ¥( 3 ), assuming
your functions are entered in ¥7 and ¥; with the
composition expression in i,

Hit ENTER. (this will be the answer to part b)

Y=k

n=z

Yz i3
225
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Solving Exponential Equations

While exponential equations can be solved on the graphing calculator, you will, in
most cases, have to adjust your window to see the graphs.

1
- y=232 i e :
_ _ _ AnstFrac
Enter the right hand side of the equation on the home 1-°5
screen to perform the calculation. Notice the use of n
parentheses.
Answer: v=.2 or /5
2. 3 = 1
27
Enter the left side into Y1 and the right side into Y2.
Keep in mind that 1/27 15 a very small value. Adjust
yvour window accordingly. If necesszary, start with the . WIHooW
. - - P AmEH=S
standard 10 = 10 window and adjust until you see the . — e | b
raph clearly. Then use your intersect option. Intersection | ynax=.3
grap 3 J P H= -3 v=.ozzozron || dele

2nd CALC (above TRACE), #5 intersect

Answer: x =-3

Proceed as in #2. A standard 10 x 10 window was 5

used here.

Answer: x=3.32192581 Inkersec
w=z:z19:z81 I¥=10
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4, 2
x4 =27 f e
Proceed as in #2. Be sure to adjust the window to
allow for a v-value of 27. Also notice the need to WINDOH
- . - rMin= -2
move to the right to find the intersection. Increase the Kraxs 0
- Ymin=-2
XMax value. Inkerseckion & iHaxs
- - =cl=1
n=A1 = nres=1

Answer: x=2581

5. Solve this system:

-1
y=2"
; 1 \Ix+3
y=|7
L2 )

Proceed as in #2. Use the intersect option. A standard

Inkerseckion
n=-i

10 x 10 window was used here. y=.zh
Answer: x=-1, y=10.25
0. Solve for x, to the nearest thousandth: | i
150e"% = 340

Proceed as in #2. Adjust the window as to see the WEHEOLER

. . . . Amax=20
point of intersection of the two functions. geel=l

Interseckion M=k

:&.ﬂs‘ve[': xr= 16.366 H—iE.EEEE':'E .llll—3l'||:| I Hres=1

102

Solving Exponential Expressions
(In and e)

\\e are they
hiding the e, . . -
Start by finding the keys you will be using:

e (to the first power) can be found above the division key.

TH04 Phus Stver Lkt

In has its own key on the left side of the keypad.

€* is found above the In key.
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Remember: e is an irrational number, approximately

2.71828183. named after the 18th century Swiss mathematician,
Leonhard Euler.

f(\) = @, is called the natural exponential function.

f(x) = In x. is called the natural logarithmic function.
These two functions are inverses of one another.

When composed, these two functions return the starting value,
thus creating the identity function, y = x.

L e

Notice how the calculator automatically forces the use

of the parentheses. (et in the habit of closing the Inted

parentheses. Ingei13)
The first entry uses the e value above the division key.

The second entry uses the ¥ above the In key. Notice L
how this second entry illustrates the composition of

the two inverse functions In and &%, returning the

starting value of 1.
Answer: 1

5 ot eClnidal

Simply enter the expression on the home screen.
Again_ notice the composition of functions at work on
the two inverse functions.

Answer: 4

3. 821n3

)
Again_ simply enter the expression on the home e (2lnt3a
screen. Did you notice that this 1s NOT a composition [ ]
of the two inverse functions? The "2" is in the way.

Of course, the problem could be rewritten using
properties of logs to utilize the composition of the

2
- Ins
mverses: &

Answer: 9
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4 Ine”

Why 817 What 15 happening here? Since the
calculator does not know the numerical value for x, it
1s using the last value stored in 1ts memory for x. This
calculator’s last stored value for x was 81. Your
calculator most likely shows a different value. The
thing to notice 1s that it returns what ever value
represents x, thus telling us that Ine’ = 1. which we
can verify from the composition of these inverse
functions.

Answer: x

Inte™iRaa

.'=-=:
21

Inverse Functions

The graphing calculator can be used in several ways to check your work

when you are dealing with inverse functions.

1.|Use the calculator to quickly determine if the inverse of your graph is a function.

Graph the original function and observe the results of the horizontal line test.

Example: Is the inverse of y = x* -4 a function?
Since this parabola does not pass the horizontal line test | the \'L f

inverze will not be a function.

VL

Lt
L

The red lines will not appear on
the calculator.
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2. |Use the calculator to determine if your algebraic inverse answer is correct.

Method 1:

A quick way to determine if your algebraic inverse

answer 1s correct is to:

a.) enter your starting function in Y1.

b.) enter your algebraic inverse answer in Y2.
¢.) enter Y1(Y2) in Y3. (composition of functions)
d.) GRAPH

e.) if Y3 produces the graph of the identity
function, y = x, your algebraic inverse answer 1s
correct.

Y3 produced
the identity

graph, y=x

Flotkl Flokz Flobs
“Wi=E+3
“Wr=E—-3
=AY 0Nz
~y=

~Ne=

~NE=

W=

Method 2:

Use the calculator to determine if your algebraic inverse answer is correct.

The graphing calculator has a Drawlnv command
that will DRAW a function's inverse. To use this
feature, place the original starting function into

Y1. Press 224 PRGM (DRAW) #8 Drawlnv. The
command will appear on the home screen waiting
for a parameter. Enter the location of the function
to be investigated, Y1. The graph of the inverse
will appear.

Orawlne Y10
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If you wish to use this feature to check an algebraic answer,
a. Enter the original function into Y1.

b. Drawlnv Y1 (must be done before entering vour algebraic answer)

¢. Solve for the inverse algebraically on a piece of paper.

d. Enter your algebraic answer for the

inverse into Y2 with the bubble animation

(in front of Y2), and hit GRAPH.

e. If your algebraic answer is correct, the Flotl FPlotz Flot:
bubble animation will follow the inverse :‘33 ;E%ﬁiig
graph drawn by the calculator. *-.3 =1
T Y= .
Bubhle running wWe= T“'“aﬂ?n:';tﬂm:_‘f“hle
along inverse i "-3 = .
WMNe=

3.|Use the calculator to investigate the relationship between the x and y values of
functions and inverses.

Use the table feature of the calculator to verify the "swapping” of x and y values
between functions and their inverses.

Flatl Flotz Flotz o P
Iy N G| 1
-ﬂﬁszHE+E o £ Table set.
::'Lr' fl NEEEET E i Del;tattatz:-le
- 5 0 2.

“Ne= E_ |:|2 E E
'-.$E= T 3 10 7
S y —

0 g =l

B B

7 10

Aa=1



Family
Typewriter
106


107

Working with Logarithms

A logarithm 1is an exponent.

dNSWCT

log,8=3

As this example shows, 3 1s the exponent to which
the base 2 must be raised to create the answer of 8,

or23=8 m general terms:

~
f exponent v=Ilog, x ifand onlyif x=1»5"
base {(where x = 0 and b 1s a positive constant not equal to 1)
BASE 10: lo3c188
Logarithms with base 10 are called common logarithms. |Ip™¢ 2>
When the base is not indicated, base 10 1s implied. g 168
The log key on the graphing calculator will calculate the
common (or base 10) logarithm.
2nd log will calculate the antilogarithm or 10¥
OTHER BASES:
To enter a logarithm with a different base on the graphing l 64
calculator, use the Change of Base Formula: 08,
log x lodigd 10902
log, x=—
logb
BASE e:
Logarithms with base e are called natural logarithms.
Natural logarithms are denoted by In. 1Rc2a
On the graphing calculator, the base e logarithm is the In key. 11y 6331471586
5
Incel
" 1
Inxy=log, v |[e~ 2.71828183

When working with logarithms on your graphing calculator,
you must remember the "Change of Base Formula™:

log, x

logh Inb

lo gx In x Remember, the notation:
= = log x 1s with respect to base 10
In x 15 with respect to base ¢
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Examples:
1. Evaluate: logz 64 logtiedr logeds
] _ ) i lnc2a
2. Evaluate: In2; In1; Ine _E931471206
lhila
5}
lntel
1
[ |
]  Inl2 Clhd122 2.4
3. Evwaluate: % Z Y R o e e |

4. Sketch the graph of f{x)= 10g2 x

Flakl Flokz Flokz
“Y1Elo9 1ol

T

T

7

5. Use a graph to support the conclusion that
the inverse of f(x) =2" s .f(x) = lﬂgz X,

A function composed with its inverse creates the
identity line y =x. Showing that the
composition of these two functions 1s the
identity line shows that these functions are
mnverses of one another. Note the bubble
animation set for Y4 to show that the linear lines

in Y3 and Y4 are equivalent.

Flotl Flatz Flotz
;V1EID9ﬂH3f1D9ﬂE

M2
pacd = P A

2% y B
~Ne=
“NE=

)
]
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6. Solve graphically: 10g4 x=12.5 Method 1:

The window must be adjusted to show a
sufficient amount of the x-axis to locate the
intersection point (2nd CALC, #5). The

Method 2: This problem can also be solved by ;
answer 18 x = 32.

setting the equation equal to 0 and finding the

x-intercepts, or zeros (2nd CALC, #2), of the 'xr.}:tﬂi 1 EI;':EH?;? o
function. b
log,vx—2.5=0 ~MeB2.3
=4 “rs
~Ny=
x$5=
MTE= it
Int Li
Fats v=0 BEiE o NS

7. Using your graphing calculator, determine  |[Solution for part a: (TRUE)

which of the following statements are true. Place the left side of the equation in Y and
a.)log(3x) = log(3) + log(x) the right side in Y. Turn on the "bubble
b)) ]gg(} +x)= lgg(}) + ]gg(x) animation" to the left of the Y. This will
_ 3 allow you to see the bubble floating over the
c.) lﬂg(xz} = (log(x)) graph when the equation is true. Partsb-f
d) log(xz) =3 log(x) are solved in a similar manner.
3% log(3) Flotl Fletz Flots
e-)lﬂg[—]=l “H 1090 3K
x,  log(x) D-:?HJEEIDQ':EHL:-Q':H
3 M=
S)log (—] = log(3) - log(x) why=
x wMe=
R

|a)Tb)Fc)Fd)Te)F ) T |
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Solving Quadratic Equations

Find the solutions (roots) of a quadratic equation using the graphing calculator.

Consider the following examples:

1. |Using the ZERO Command
Standard 10 x 10 window
Solve: 42 _5y_14=0
Since this equation is set equal to zero, the roots will be the locations
where the graph crosses the x-axis (if the roots are real numbers).
(Remember that the x-axis is really just y =10
1. Set ¥ =x"-5x-14
2. Use the ZERO command to find the roots -- 2nd TRACE
(CALC), #2 zero 1=HE-EH-14
3. Left bound? Move the spider as close to the root (where the
graph crosses the x-axis) as possible. Hit the left arrow to move
to the "left" of the root. Hit ENTER. A "marker" P will be set
to the left of the root. Left Bound®
4. Right bound? Move the spider as close to the root (where the n="1.944834 I¥=-.PEB7L4Y
graph crosses the x-axis) as Possible. Hit the right arrow to move| pe—mTn
to the "right" of the root. Hit ENTER. A "marker" < will be set
to the right of the root.
5. Guess? Just hit ENTER.
6. Repeat the entire process to find the second root (which in
. H =
this case happens to be x = 7). E':”"-“;_EE'.HEEg w=3.170710%
Answer: one of the roots is x = -2 '|'1=H1-5H-1:| /
Qusssy \ .
Zera n=-1.7021zB IY=-g.FBzic>
n=-z V=0
2. |Using the INTERSECT Command

Solve: 2x* +2x=Tx-2

Since this equation is NOT set equal to zero, the ZERO
command cannot be used to look for roots(unless you re-write the
equation so that it IS set equal to zero).

Window [-3.3] x [-5.15]
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If you do not want to re-write the equation, solve using the
intersect command to find the points where the two expressions intersect
(if the roots are real numbers):

1. Set ¥ =2x*+2x, ¥, =7Tx-2

2. Use the intersect command to find the roots, 2nd TRACE
(CALC), #5 intersect.

3. First Curve? Move the spider close the point of intersection
that you want to find. Hit ENTER.

4. Second Curve? Just hit ENTER.

5. Guess? Just hit ENTER.

6. Repeat the entire process to find the second root (which in this
case happens to be x = 2).

Answer: one of the roots 1s x = 0.5

==
B

Inkerseckion
H=.k

1=z Hx+En

Firsk Curwe?
hER i i

™~

¥=1.F4z7 70k

YE=ri-2

ﬁtc-:-nd CUFYST

iv=1.5744581

YZzrH-2 /
QUgss? |-"
#=.E106383 £ v=1.574u601

Only One Root?

Solve: y* _4x+4=0

When graphed, this equation only intersects the x-axis in one
location. This tells you that this root repeats itself.

4

If a reading appears such as 1.9999991,
the actual answer is most likely the
number 2. Check your assumption that the
answer is 2 by substituting 2 into the
original equation to see if it satisfies the
equation.

2k
w=1.980888]1

Standard 10 x 10 window

i

xt—dx+4=0
(x-2)(x-2)=0
x=2;, x=2

What if the graph does not intersect the x-axis???

(or intersect option shows no intersections)

Solve: x' —3x+9=0

When graphed, this equation does NOT intersect the x-axis. This
tells you that the roots of this equation are complex (imaginary)
values. Dig out the quadratic formula to find the roots.

Window [-53,5] x [-5.15]

.
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2 -3x+9=0

e —h+~Jb° —dac
2a
L3 Y37 - 49
2(1)
_3+.9-36
-
3+ .27
x=
2
3133 3+3:J§
2 2

X

X

[ 3]

Solving Quadratic Inequalities

Working with quadratic inequalities in one variable is similar to working with linear
inequalities in one variable. (See Linear Inequalities)

Consider the following examples:

1. [Solve: x2 _7x4+10<0
1. Enter the left side of the inequality into Y7. Flatl FlokZ Flobz
2 Enter the richt side of the i litv into Y S ERE-TR+ELE
2. Enter the right side of the inequality into Y?. M -BA
3. Enter the inequality into Y3 using the inequality "__:$ ﬁ E;" e
symbols found under 2nd MATH (TEST). Me=
Femember the Y and Y7 are found under Vars “Me=
—Y-VARS. #1Function. YR
4. Hit GRAPH. = e e
Just as we saw in Linear Inequalities, a small bar 15 E IEi;._
appears representing the graph of the value 1, %_1 g E
showing where the inequality is true. In this case, %% g 1
the inequality 1s true for 2 <x < 5. To determine e 0 1
the "exact" values for the endpoints, use the Wx=H
INTERSECT option (2nd TRACE (CALC) £5
intersect) with Y and Y>.



Family
Typewriter
112

http://mathbits.com/MathBits/TISection/Algebra1/linearinequ.htm

113

Looking at the table shows that the Y3 values

alternate between being a 0 (false) and a 1 (true). N
(Arrow to the right to "see" the column for Y5.
Remember that < will not "include” the endpoints.
2./Solve: 34 110x>8
1. Enter the left side of the inequality into Y. Flotl Flokz Flok:
. : . . =B3RS +H18E

2. Enter the right side of the inequality into Y. W= B5
3. Enter the inequality into Y3 using the inequality :$ '-3| E"l"1 =hz
symbols found under 2nd MATH (TEST). Remember| [+ }'e=
the ¥ and Y, are found under Vars —Y-VARS, “NE=
#lFunction. =
4. Hit GRAPH. I .l
The small bars appear representing the graph of the e
value 1, showing where the inequality 1s true.

I 1l
Use the INTERSECT option (2nd TRACE (CALC) i\
#5 intersect) with Y1 and Y7 to determine the exact =
values of the endpoints of the bars. J|I

Interseckion |
n=.BbbbbEBG: 1Y=H

This inequality is true for
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x<—-4 or x=—

V]

114

§

Intgrseckion |
="l =8

Solving Radical Equations

As you know, radical equations involving square roots are typically solved by isolating a radical
and squaring both sides of the resulting equation. This process of squaring may lead to an
answer that is actually NOT one of the roots of the original equation. This "extra™ answer is
called an extraneous root. The graphing calculator is a wonderful back-up checking tool to
determine if a root is extraneous. Note the example below:

Example: Solve the following
equation algebraically and check.

x=3 =v‘§D-2x

Algebraic Solution:
(-3) =(30-2x)
' -6x+9=30-2x
x?-4x-21=0
(x-7)Wx+3)=0
x=Tx=-3

Graphical check:
Enter the left side of the equation into Y1.
Enter the night side of the equation into Y.
Use the INTERSECT option
{2nd Trace #3).

Flotl Flokz Flob=
“WiEE-3
wNeRIC3R-2K
M=
“hy=
wMWe=
“NE=
i
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Check: Checlk: The calculator clearly shows that there is only
" m _lfan 114 3-3=_R0-(-6) °ne solution (x = 7), thus showing that x =-3 15

7-3=+30-14 3-3=430-(0) an extraneous root.

4 =4/16 -6 = 36

4=4 extraneous root

Inkersection
w=r s Y=Yy

Hint: When working with radical equations, it may be difficult to "see" the
intersection point if the viewing window is a small representation of the graph. You
may want to enlarge the viewing window by adjusting the WINDOW settings or by

using ZOOM (#2 Zoom In). Remember, when using Zoom In, hitting ENTER the
first time only registers the function. You must hit ENTER a second time to activate
the Zoom In option. You can quickly return to the 10 x 10 viewing window by
pressing ZOOM (#6 ZStandard).

Remember: In the example above, you can see that there is only one answer to the
equation since there is only one point of intersection. Should there be NO points of
intersection, the answer will be the empty set.
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Working with Sequences

In Seq MODE:

(in both Seq and Func Modes)

To work with sequences in the Seq mode:

e Press MODE key

e Choose Seq in the fourth line

e Hit ENTER to highlight Seq

o Leave other settings as default (on the left side)

Press Y= and notice the difference in this screen.

To define a sequence, you must specify:

e nMin - where you will start counting the numbers
in the sequence (most likely this value 1s 1)

e u(n) - the pattern for the sequence
(use 3T, &, # key to enter the pattern)
e u(nMin) - the first number in the sequence

(When you enter the first number in your sequence, notice the list braces
that appear  These braces will allow for the entry of more than one term

if needed.)

Example 1:

Sc1 Eng
B123456739
O=gres
unc Par Pol EEE
Dot

=: oReCT.E
Senjentla

Horiz G-T

Flokl Flokz  Flok:
»Min=1

L RES |
eaMina=

L R=

wiakina=

LD

wiaMina=

Consider the sequence defined as ¢, =21 -1.

List the first 6 terms of the sequence and find the 105%™ term.

Enter the information in Y=: Set the table (TBLSET): Look at the table (TABLE):
P1r?1t; FITI:E Flots T?EIIELSEILII; " FLrD)
nMin= art= PR | i

SR B2n—-1 albl=1 Z 3
uCnMind Bl Indrnt.: : 3

SR = Derend: £ ]
winMinay= & 11

SILENE | i 13
winMinay= n=1
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The first 6 terms are easily visible in the table.

To find the 105t term, reset the TblStart to a value near (or at) the desired term.
Read the answer from the table.

THELE SETUF " iR
ThlStart=104 1000 189
albl=1 10l | 204

I%lr'u:ll=~r'|’rai Aut.c EEE e |ang
erend: s A 207

106 | 211
n=183

If yvou GRAPH vhenin sequence mode, even if your calculator is set in connected mode, you

will only see plots of points. Remember that a sequence 1s a listing of numbers without other values
in between. Notice, in the center calculator screen below, how the sequence mode table shows
answers only for # values of 1 or larger. Femember that the domain of a sequence is the set of
natural numbers

{1.2.3. .}
Flotl Flokz Flotbs " PR
nMin=1 -z ERF:

S BZe-1 1 EFiF:
uirMinaBI1s s ERE
winmina=

'._wﬂn}? h ?
wemMina= n=d

If vou express this sequence as a function and return to function mode, vou will see a connected
graph (a line in this case), rather than the plotted points.

Example 2: (Recursive sequence) List the first 7 terms of the sequence:

4 =3
2a -1
L 1
@, = —
H
Enter the recursive formula information. View the terms of the sequence
Enter the u by using the alpha letter u in the table.
(2nd 7). Note the starting value of 3. o LS
Flatl Flokz Flobz FE_ % c
aMin=1 :
LB 2Uln-10-1 ; Sites
aom £ QUEEE
unMind B3 B e
= — -
VinMina= n=1
S =
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Example 3: Generate the Fibonacci Sequence (where each term, after the first two
terms, 1s determined by adding the two previous terms).

Enter the pattern for the sequence. Go to the table to view the
Notice how the u(nMin) displays Fibonacci sequence.
the first two terms using the (LR
list braces.
Filokl Flakz Flakz
nMin=1
Hugn}Euin—1}+uin

i::

Lt == R LEXY W U1 o ]

imMinaBLl. 13
A=
wiaklini=
~wina=0

" ¥l -y Ly W LY

]

In Func MODE:

Certain sequences can be examined in Fune mode.
Consider the following examples:

Sc1 Eng
Iy HlZ23456759

= edreg
Example 4: Arithmetic and geometric sequences | Supime= P F'Bé _LSE":‘
can be quickly generated in Func mode if the common Simul

: : : .
difference or common ratio, respectively, are known, el atbl retgi
: : M8 Horiz 5-T
along with the starting value.

List the first five terms of an arithmetic sequence whose first term is 1 and whose common
difference is 4.

A "quick - see it on the screen” method: 1 {
+ Enter the first term on the home screen. Ans+4 5
® Press ENTER to register the first term. =
® Press + 4 (the expression Ans+4 will appear). %%
e Press ENTER. N

¢ Continuing to press ENTER will generate
successive terms in this sequence.

Unfortunately, finding specific terms with this method, such as the 100%, will require that you press ENTER and count
very carefully - not always an easy process.



Family
Typewriter
118


119

Example 5: If an expression/formula is known for the generation of a sequence, the

terms can be listed in Func mode using the seq( function.

List the first 6 terms of the sequence defined by: , _ 1_
¥

2?’1
in — sing seql. type the tormula. varnable, starting value for n, last
2nd STAT (LIST) — OPS Using seq(, type the formul 1abl ing value f |
Choose #5 seq( value of n needed, increment. (For ease, X may be used as the variable -- or
MHAMES MATH type N using the alpha key) Arrow to the right to see more of the terms
1:5ort of the sequence.
% E E?EE’D f If vou need fractional answers, utilize the MATH - #1 ™ Frac
4:Fillc 5??E152“H:H=1=1@
sed 2
alls
EIKE 14 18 1-..

This method of listing terms of a sequence will be limited to 999 terms of the sequence at any
one time.

Example 6: If an expression/formula is known for the generation of a sequence, the
sum of a specific number of terms can be found in Func mode.

Find the sum of the first 10 terms of the sequence defined by: 45 —4p+ 7
¥

2nd STAT (LIST) — MATH  Notice that sum is followed by the entry of the sequence as shown
Choose #5 sum( in Example 5.

HAMES OFS [EEHE sumt Csey{dx+7 . ©,
1iming 118,122
2imaxc 291
Jimeant
dimediant
SuMC
s Frod
r4stdlew]
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Find the sum of the second through fifth terms of the sequence: 5 — 44+ 7
el

sumC sy dx+7 . X,
sSs:122
=1

Example 7: Sequences represented by a recursive formula can be generated in Func

mode.

List the first 4 terms of the sequence defined by: @ =3
a., =2a -1
e Type the starting value and press ENTER.

e Use the ANS function to create the formula used to generate the
sequence. Type 2¥ANS-5 and press ENTER.

o Now, simply press ENTER to create successive terms of the sequence.

k!

2*¥An=-1

Lo b=t
CA=lv0Cn
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Evaluating Summation Notation

(Function Mode)

General summations:

A shorthand notation is used to represent sums with more than a few terms. This shorthand
notation uses the Greek letter sigma (which denotes sum). If we have a rule such as f(n) which
assigns the value f(n) to each integer n in the set of integers {j, j+1.j+2, ... k}, we can represent
the sum as:

k
D= F)+ D+ FG D+ fE)

On the graphing calculator:

We will be using the sum feature and the seq feature to work with a general summation.
On the calculator, we will interpret a summation as follows:

&
N 1(n) = sum(seq(F(n).n1.k.1)

n=j

and §TAT (LIST) — MATH #5 sum 2nd STAT (LIST) — OPS Choose #5 seq(
HAMES OFS [GERNS HAMES MATH
liming 1:5Sort
28 maxy 28 5ort00
Simeany Sidim
4:mediang 4:Fillc
S S
i guls L4 E LIS
FletdDeus Flalistc

The format for seq: expression, variable,

The format for sum is sumf( list
(list) starting value, ending value, increment.

where list will be the terms of the rule
JUDLJG 0, F 0+ 2,01

While sequences have a domain of natural numbers, {1, 2, 3, 4, ...}, in Func mode,
the sequence command will accept integer domain values less than one. (In Seq
mode, however, the sequence command will accept only integer domain values of 1
or greater.)
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) 5
Example 1: Evaluate: 2( 2k + 2) Example 2: Evaluate: Z__f*l

=2 I
sunseg(2+2.5.271) e
SUMCSedC 28+ M. 2 MLyl g H+] 0
aralad E %

o B15 s

- 5461

notice that this sum starts with k=2

{For ease of entry, X was used as the variable in both examples above.
If you wish to use the designated variable, type it into the calculator using the alpha key.)

Another approach to Example 1.

Type the number of terms needed into L1.

Type the rule into L.2.

Add the answers manually on the HOME screen.

Lz =2L1+2 LzilI=5

Or, have the calculator do the adding. If you do not want to add manually on the home
screen, you can use the cumulative summation feature (cumSum) to add L2.
Remember that Example 1 starts with k = 2.

HAMES MATH Li Lz Lz z L1 Lz L 3
2T5ort z B o] z & M
Sidime % B % B 14
4:Fill¢ Y in Y in Y
u L iz E iz b
wHE=T=L 18 B iy B 1y £
CLMSLIA Y ? ig 7 16 BE
A e G (AR gy B iieied] Bododoned i
gdSelect Lxir=cumSumclz 2l L:AI=5
To find cumSum( . go to LIST Enter cumSum(L2) as the The entry in column L3
(2nd STAT), arrow to OPS pattern to determine L3. corresponding to the value 7

heading, and choose #6 cumSum(. in L1 will be the sum.
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Summations and Sequences:

"
Sums, such as E d,, where j = 1, may represent the summation of a sequence, called a series.
7=l

Remember, sequences have a domain of natural numbers, {1, 2, 3, 4, ...}.
In the sequence related problems below, the starting value in the summation
will be greater than or equal to 1.

Again, we will be using the sum and seq features of the calculator to find the summations. The
summation 1s interpreted as:

n

>'a, = sum(zeq(a;, j.1.12.1))

=
and STAT (LIST) — MATH #5 sum 2nd STAT (LIST) — OPS Choose #5 seq(

HAMES OFS |GENNS HAMES MATH
liming 1:5ort
Z2imaxy 28 Sort0d
Zimeant E:E;Tit
dimediant iF1

SLMY SEH L

o g=l= L P CLMSLM
Tlatdleur Vlalist o

Example 3: SUMEEEqiEHE,H,i,

’ a1z

8
Evaluate: S 377

F=

This example uses x as the variable,
instead of using ;. The x 1s simply
easier to enter into the calculator.

] sumCsest C2H+1 2,
Example 4: MaSs12,13

12
Evaluate: E (21 +1)°
n=54

This example uses » as the vanable --
obtained by engaging the alpha key.
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Example 5:
Find 120

r_1(3-2f)

Press MATH and choose 0! summation );( and hit ENTER.

As you will finish to type the sequence, press ENTER. The answer
6138  will be at the left side at the middle of the screen.

Polynomials Division
Downloadable software
This program designed for the real numbers only in the quotient and the divisor is greater than
dividend.

Press PRGM and choice 2: POLYD.
Press ENTER twice.

EOIT MEW
:L1ME
POLYD

sGLUAD
4: TRIGHELF
2:WECADD

You can choice between 1: SYNTHEIC [FramFOLYD W
division and 2: LONG division. As you fLOMG

will decide, hit ENTER.
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Remember! For the synthetic division your dividend must be in the form (x — a) only.

After pressing ENTER, you will see FramPOLYD FramPOLYD
the synthetic division screen. Press one SYHTHETIC DOIWVISI SYHTHETIC DIWVISI
more time and show the highest degree OH EEEEEES
of the dividend, type it and press ENTER. COEFFIANTS
Then type all coefficients near dividends =7in
variables by the order from the leading I
coefficient to the constant and hit ENTER =71 .
after each of them. =7-4 x
=7A
4
=721
s oa vorr divi iohli H HUMBER:Z
Choice your dividend form. Highlight W HEER
1: 1 NO. and press ENTER. Type the 1 HO.

. . . DIVIDEHD=
coefficient in the divider and press - él -4 @ 23
ENTER. You can see all dividend and T -
divisor coefficients, mean the dividend 1s
x% — 4x? + 2 and the divisor is x — 2|
When you press ENTER and continue . é 1 -4 8 2%
to press this key until the end of the £ -7
process, you can see all other parameters QUDIEHTE o4y
of the divisions: quotient is x* — 2x — 4 REMANDER= -
and remainder 1s —6. The final answer

. 3—qx?+2 —6
looks like: === "2 — x2 _ 2x — 4 + —

Long Division
The procedure is similar to the rational functions division by synthetic method.
.o 5x3-12x2413
Examp|82 Divide 2=,
; EDIT HEW -3 UL YL ! Fr-3mPOLYD
qFOL YD E;LEIHE LOHG DIVISION
EUAD OEGREE
4: TRIGHELF OIVIDEHDN
S:VECROD
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LOM5 DIIVISTON 1 =71% =7 = !
DEGREE =73 DIVISOR DIWVIDEMD=
OIWVIDEMDZE 2 1 Lo -12 8 132
DIMISORZ =?-12 =71 DIVISOR=
COEFFIEMTS 3 2 {1 8 -7 08 o
DIVIDEMD =7H =7H RUOIENT=
1 4 3 4o -122
=7l =713 =77
o -12 8 13M
DIVISOR=
{1 8 -7 08 o
RUOIENT=
2 -12%
FEMAMDER=
L35 71k

Zeros of the Functions

The graphing calculator is very helpful when determining the zeros of functions (the locations
were the graph crosses the x-axis --- the roots).

Using the ZERO command:

2 : .
SOIVE‘: ¥ —8y—14=0 Standard 10 x 10 window

Since this equation 1s set equal to zero, the zeros (roots)
will be the locations where the graph crosses the x-axis
(if the roots are real numbers).

1. Set ¥, =x" -5x-14

2. Use the ZERO command to find the zeros (roots) --
2nd TRACE (CALC), #2 zero

3. Left bound? Move the spider as close to the zero
(root --- where the graph crosses the x-axis) as possible.
Hit the left arrow to move to the "left" of the zero (root).
Hit ENTER. A "marker" P will be set to the left of the

zero (root). LeFt Eound®
=-1.91489Y I¥=-.FEE71Y4Y

Yi=hz-Ex-1Y4
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4. Right bound? Move the spider as close to the zero
(root --- where the graph crosses the x-axis) as possible.
Hit the right arrow to move to the "right" of the zero
(root). Hit ENTER. A "marker" < will be set to the
right of the zero (root).

5. Guess? Just hit ENTER.

6. Repeat the entire process to find other zeros (roots --- Ridht Bound?

which in this case the second root happens to be x = 7). AZTEIAINCE e ATAAARE

Yi=Hz=Ex-1Y4

'|'1=H1-5H-1:

Answer: one of the zeros (roots) is x = -2

OQUgssT
n=-l.o02iel 1YY= BBl

Using APPLICALIONS Tools

Find real zeros for the polynomial function x3—6x2+11x—6=0

Press APPS key and highlight the line 9 PlySmIt2, then press

HLor ENTER.

a
tConics
:Ct1gH=1F
EEasuData

PluSmlt

METIE:%&EEHTS When you will receive this picture, press any key, as written at the
IMNEGUALITY screen.
GEAFHING
v 1.0
FRESS ANY KEV
' 2001 TERAS INSTRUMERTS

F8 FOLY EOOT FINDER
s an SOLYER Choose 1: POLY ROOT FINDER and press ENTER.
4: FOLY HELF

E: ZIMULT HELF
G: QUIT FOLYEHLT
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FOLY ROOT FINDEFR WODE
ORBEE 1 zE4567 B9 10
HA]8]  a+bi  Fe*0AD
DEC FRAC]

I ENG
@NIN vi::MEEFED

ERDIAN [IETIA
[MALN HELFENEXT]

Ez 2+, a1 x+anp=H
a3z=1

Jz="E

a1 =11

a1="-6

[N THINOCFICL FY DADIS0L UE]

=z w3+ +ai1x+an=H
=1 B3
wr =
w3 =1

IHAZCVHOCENCOEFY 270 WF 4k

128

Because the highest power at the given equation is 3, mean, the
equation has 3 roots, highlight the number 3 at the line ORDER and

press ENTER.

Press GRAPH key. Type all given coefficients near the variable.
Press ENTER.

Press GRAPH again. Waiting a small period of the time until you will
receive the answer.

Remember: Your zeros of the function are possible to be the complex numbers. In this case,
do not forget about the conjugate number. If one of the roots will be in the complex form of a +
bi, you will have another conjugate root a — bi also.

DRDER 1 zE4567 B840
REAL  EEDH  retidid

pEC [T

ELEM =CI ENG

ENTH #1:ZM4EEFES
L EGFEE]

HATII (HEL FIMEXTI

Attention: In case of possibility of the complex numbers in the
answer, your polynomial root finders mode should looks a little
different. Other procedure is the same as at the previous example.
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Evaluating Functions

Functions can be evaluated on the graphing calculator by
the use of functional notation or by graphing.

Evaluating functions using functional notation.

If f(x) = 3x> + 2x - 5, find £(23.6). Round to 3 decimal places, if needed.

Flotl Flokz Flots W1C23.60 Yy C2E. 6D
M ESRTA+H2R-D 39474, 953
“he=
nha=
::3"3 Go to the home screen. Using a Hit ENTER.
n E — functional notation format. enter
wWhda = Y1(23.6). [To get Y1, zo to VARS, Answer: 39,474.968
E : — arrow right to Y-VARS, #1Function,
Enter the function in Y= #1Y1)
Examples:
S i . Answer
e LT (round to 3 decimal places if needed)
Floti Flotz Flek:
a 4 I‘N"n"iE'::"‘:E—ﬂ'l}.-"'{:x:—E-:'
_4 - 42 V-4, 20
1. Fix)= " f(-4.1) —1.33?2549@2‘
Answer: -1.337
Set MODE to Radian.
) Floti Flotz Flek:
( - 36 [ T inEE-:.-:-S.{SH}
= 5co8- — wWAo=
2. Jlx)=35cc I S | V1 (e ‘
WS 1.913417162
Answer: 1.913
Floti Flotz Flek:
SWiBHE+IE=-5
2 = VAT SR
3. F(x)=x*+3x-5 N3 L 195152423‘
Answer: 3.196
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2.

Evaluating functions by graphing.

Iff(x)= 3% + 2x - 5, find f(23.6). Round to 3 decimal places, if needed.

Step 1: Step 2: Step 3:
Floti Flotz Floks I T HOOL
R = S gt AMLA= "2
we= ARMaxK=20
“ha= mecl=1
wNy= Ymin=-1@
wHe= Ymax=11
= Yo l=1
= Ares=1
Enter the function in Y= Adjust the WINDOW so that Graph
the point 23.6 will be shown on
the x-axis.
Step 4: Step 5: Step 6:

Y=~ zezi-k

iy

L Eict et g 1

n=Li.b ¥=z8474.060

Hit TRACE. Type 23.6 nght
on the screen. It will
automatically appear at the
bottom of the graph.

Hit ENTER.
The answer (the y-value) will
appear.

Answer: 39,474.068

Graphing Piecewise-Defined Functions

Piecewise-defined, or split definition, functions can be graphed on the graphlng calculator.

You will need to utilize the relational operators —
found under the TEST menu (2nd MATH).
The format for entering these function can be either
(expression)/(condition) or (expression)*(condition)
where parentheses are essential in both situations
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Let's examine the differences between the two methods,
see how to enter compound inequalities (2 < x < 6),
and discover why these methods work.

Method 1: (expression)/(condition)

When using this method, enter each SECTION of the function into a separate Y= area.

Flakl Floks Flok=
;¥1EI:HE—5:-£':H£-1 \ ,//

Graph: £(x) (¥'—5 x=-1 WEBCHFA A 10
api: X)=+
Lx+¢k x>-1 tﬁﬁ: H
wMe=

Parentheses needed!

If you use the TI-84+C, you can use the "fraction template" for the "pretty print" display.
Parentheses are not needed with the template. The fraction template iz under ALPHA -F1.

NORHMAL FLOAT AUTO REAL RADIAN HF I NORMAL FLOAT AUTO REAL RADIAN HF I

Plotl Plotz Plot3
2
Xe-5
R+l

ENY 3=

ENY 4=

ENYs5=

\NY 6=
ENY 7=

NOTE: Neither method will draw the "open" or "closed" circles at the endpoints of sections of the graph.
You will have to draw the appropriate circles when copying the graph.
"open circle" for < or >
"closed circle" for < or =

Advantages of this method: Disadvantages:
1. This method of entering the function is 1. When using TRACE, you will need to use
helpful when trying to find any mistakes as your up arrow to move between sections of the
each section can be altered independently. graph.

2. The graph, while still in CONNECTED
MODE, will not "connect" the separate
sections together. The graph will be a more
realistic representation of the graph.
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Method 2: (expression)*(condition)

When using this method, enter each SECTION of the function into a separate Y= area
OR enter the ENTIRE function as one statement using + sign to separate the sections.

Flakl Flokz Flokz Flokl Flokz FlokZz
S B HE-S kS -] S ECHE=S (e -1
. 2 PR B E S
Graph: £(x) (¥-5 x<-1 B CHFE RO -1 - S
apn: X)) =+ =
|x+4 x>-1 NV s
o= “ME=

Entered separately.

Entered as one statement

The graphs from either of these entries
will produce a connected graph.

\ -

Unfortunately, DOT MODE is needed
with this method to see the actual
piccewise functional shape.

i "

Connected MODE

DOT MODE

Advantages of this method:

Disadvantages:

1. This method allows for the function to be
entered as one statement. When using
TRACE, there will be no need to arrow up and
down between sections of the graph.

1. The graph, while still in CONNECTED
MODE, will "connect" the separate sections
together. This can lead to confusion about the
actual graph.

2. This method requires a change to DOT
MODE to get a realistic graph.

3. Entering the function as one statement can
be difficult to debug if an error occurs.

Compound inequality: -1 <x <2
‘f'xz +L  x=-1
Sy =qx+4 -l=x=<2
‘ 5, x=2

Computers and calculators do not interpret expressions such as -1 <

x < 2 as we do in mathematics. Both computers and calculators see

this expression as ONLY -1 < x (and they ignore the second part of
the condition). To force them to see the second condition, it it

necessary to write the expression:
(1<x<2)
as
((-1 =x) and (x < 2))

(Find and from the catalog or under TEST (2nd MATH) arrow

right to LOGIC).
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Flotl Flatz Flot:
;¥1EﬂH3+1}EiH£'1 H%i;

i = L o D ik B
doand CECZ2a0
wWrESAUEER D
e |

wHe=

In Connected MODE

If you use the TI-84+C, you can use the "fraction template" for the "pretty print" display.

Parentheses are not needed with the template. The fraction template 15 under ALPHA - F1.
MORHMAL FLOAT AUTOD REAL RADIAMN HP n
Plotli Plotz Plot3

2+
ONA-E =
¥+y

ENY 2B xondn<z
NH -
ENYa=
ENYs5=

\Ye=
E\Y?=

So, what is really going on here???

How is this process working?

The calculator is doing a Boolean check on these conditions. Remember, Boolean equates a true
condition to be a 1 and a false condition to be a 0.

Flotl Flotz Flat:
;¥1EiH3—5}ftH{1}

-1 L _ We=
Consider: f(x)=+'-5 x<1 ¥

~Ny=
wHe=
“ME=
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When dealing with the division method, if a number is NOT in the interval, x < 1, the condition is
assigned a value of 0, and the problem becomes division by zero. Since this is not possible, an

error is produced at those values and "nothing" is graphed in that area. Since there is NO graph at
these locations, there is also NO graphical connection being made, even though the calculator is in

Connected MODE.

= bl
a7 -4.0EQ
og 4.0k
g 4aE
i
10

Graph with axes turned off.

. : E . . Flatl Flokz Flatz
When dealing with the multiplication method, if a W EEHE S k(L1

number is NOT in the interval, x < 1, the condition is

assigned a value of 0, and the problem becomes :3 gz
multiplication by zero. Of course the "graphing" of this 0 “My=
value coincides with the x-axis and is not seen when the :‘ﬁ g:
axes are visible. Because this 0 value IS graphed, the

Connected MODE kicks in, and the sections of the

graph are connected together.

LA \ l
87 -4.0E8
BB -4l
g -4z
i
\[J
A=1.83

.
=
[

oo

Polar Coordinates

(xy) > (r,#) OR (r,#)~> (xy)

Let's start by examining the commands
used to convert between rectangular and

1

b
polar coordinates: % EEEE-:
Cur primary menu of commands is listed under ANGLE. = ; FrPa
Press 2nd APPS (ANGLE) to open thiz menu. TLPEREL
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Change
Rectangular to
Polar:

Change Polar
to
Rectangular:

Examples:

136

3 FHGLE

4 k0OMS d: k0SS
ErPEL ai kP
sErFPEY ErPEC

[k ald et FrRE=(

Option #5: R®P r( is the

rectangular to polar conversion

that returns only the r value.
Format: RPPr(x¥)

e
R
4= +0M
2 RErF
=

]
F
RFEFC
:ErPEE A
REIF R E

|

B
Option #6: EP 3 ( 1s the
rectangular to polar
CONVersion
that returns only the & value.
Format: RP3 (X,¥)

Option #7: P®Rx ( is the

polar to rectangular conversion

that returns the x value.
Format: PWRx (x,¥)

1. Convert |—\-'§*1| to polar form.

*

utly
33 rDMS
StRMPEC
EiRMPEL
TiERRE A
2HF Rl 1

Option #8: PP Ry ( 1s the
polar to rectangular
conversion that returns the v
value.

Format: PPRy (X,y)

We need to find the corresponding (r,#) values for the given (x,») values.

Options #5: R-P r ( and
#6: R-P g ( give:

ﬁ.

ErPro-ICEa 10

FrFR - TCZa,12
2. 61733875

In RADIAN modelll

FrPro-TC3ha 10 5
FrPEC =T33 10
158

|
In DEGREE modelll

g

NOTE: = = 2617993878

6

o

Answer: (2,2.618) or [2,?]

Answer: (2, 150%)
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To graph an equation in polar form, set [[EEIW *cI Ene
ARG DEGREE

the calculator MODE to polar (POL) — R R cen

If you want to see your TRACE ' I:. ] :n::n. | DEIHUL
- 3 d+bi  FeTRL
in terms of r and &, change Fi HOETZ BT
FORMAT (2nd ZOOM) to =ET cLOCH I

PolarGC.
Examples:

1. Graph r =06:n(26)

Enter the equation into Y=:

137

Polar Graphing

Choose ZOOM #6 ZStandard

Choosing #6 ZStandard will

set the window as follows:
Fmin =0

fnax =27

Bstep =

Flokl Flotz Flokz WTHOO
~F1EEs 1R ZE ) Brmin=a
-~z =1 BMax=6. 285318353
RS Aster=. 1 B899,
Y= amin=-18
R E= amax=14
~FE= mscl=1
JYmin=014
Graph Graph

(using the ZOOM #6 ZStandard)

(using the ZOOM #5 ZS5quare)

with the x and y values in the

normal -10 to10 configuration

Choosing #5 ZSquare will also
set the window as follows:
fmin =0

fmax=2r
6':.»1&1) = H

=

but with the x and y values in

Because the Standard viewing
window has a 3 to 2 aspect ratio
(it 15 not evenly divided on both
axes)., the graphs may appear
slightly distorted.

Trace

F1=A5iniZAl

FBzz8 IY=Z> EzELiin:

To prevent distortion,
choose ZOOM #5 ZSquare.

Notice that x and y are
displaved. The calculator
FORMAT 1s set to the default

value of ReetGC.

the -15.16129 to 15.16129

configuration.

Trace

Fi1=RsinzZAl

L

Notice that » and & are
displayed. The calculator

GIE:‘:I FORMAT is set to PolarGC.

F=E.FOLECE

= BEYY9EYS
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2. Graph r=4-4:mné

Enter the equation into Y=: Choose ZOOM #5 ZSquare Trace

Flokl Flatz FlotZ F1=4=YE5ini@)
~1Bd—-d=sincan
e E =
e Es
ey =
~E=
RS

Fi=h u=z B6e5191Y

3. Find r from the graph screen of ¥ =4 — 4gin & when =7, 8

You can find the value of a function from the graph screen in two ways:

Method 1: -- by using the VALUE function If the FORMAT (2Znd ZOOM) 15 set to
in the CALC (2nd TRACE) menu: RECTGC vou will see the x and v
= coordinates. ..
3 lue Fi=4-Y5incal
= SPga b

S drsdd

This screen will appear._..

If the FORMAT is set to POLARGC
you will see the » and theta coordinates. ..
F1=4=-YsiniA)

B=mr- 3

k=¢.4e89z8R> |8=.z9z50908

Method 2: -- simply hit TRACE and enter the theta If the FORMAT 1s set to POLARGC,
value right on the graphing screen. you will see the » value answser.
Fi=Y=-Y5inal F1=Y-Ys5inal

B=n-Sl F=z.469z66% le=.z0z50908
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Complex Numbers
In Polar and Rectangular Forms

Rectangular Display Mode
Rectangular mode means you want answers in a + bi form, whether you use polar or
rectangular form when entering your expressions.

Once only, you need to tell the [moDE] [ 6 times] [»] [ENTIER] selects a+bi mode.
TI-83/84 that you want results in Remember to press [ENTER].

rectangular mode.

Sci Eng
123456789

[2na wore makes QUIT] returns to home screen.

For complex numbers in rectangular form, the other mode settings don’t much matter.

Polar Display Mode

“Polar form” means that the complex number is expressed as an absolute value or modulus r and
an angle or argument 0. There are four common ways to write polar form: r£, re”®, r cis 0, and
r(cos 6 + i sin 0).

Polar mode on your calculator means that you want answers in a polar form, even if you enter
expressions in rectangular form. Here’s how to set polar mode for display.

Since polar mode involves an angle, [4opE]] [¥] [¥]. Then cursor to Radian or Degree and pres:
select degree or radian mode. [ENTER].
Tell the calculator that you want [* 4 times] [»] [»] [ENTER]

results in polar mode. Sc1 Eng
%’la 123456789

Caution: Degree mode is shown E@

here by way of example. Make sure Oot.

you select Radian mode if that's

what you want.

Then [2nd uone makes QUIT] to return to the home screen.
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Your calculator will display polar format differently, depending on whether you selected degree
mode or radian mode:

Polar Display in Degrees Polar Display in Radians
re~(8i) with B in degrees. Example: 3—4i re~ (81} with 8 in radians. Example: 3—4i
displays as 5e~(-53.130102351). displays as 5e~(-.5272952181).

Entering Numbers

You can enter numbers in rectangular form or polar form, regardless of how you have set the
display mode. You can even mix the two forms in one expression.

Rectangular Form for Input

Enter numbers just as you see them. Find i in yellow above the decimal point. Enter 8 [-] 3
For example, here's 8-3i. [2na . makes i].

Engineers, use i instead of .

Remember to distinguish between the negative-number key [(-)] and the subtract key [—]. Use
the subtract key for numbers with interior minus like 7—3i and 2i—11; use the negative-number
key for numbers with leading minus like —2i and —7+31.

Entering Expressions

Even though a complex number is a single number, it is written [{ B+4+d44, —¢7F=31. 2

as an addition or subtraction and therefore you need to put S+,

parentheses around it for practically any operation. The C1B+3, k(P —3i 32 .

illustration shows correct methods for subtraction, C1E+44 0 EF=34 0 e

multiplication, division, and squaring. 1+,
ClE+dh a2

Try these operations without parentheses and you'll see that 0 S4+201.

yOou get Wrong answers.

Polar Form for Input

Here’s how to enter the number 42120° or 4e'2%"1 in your calculator. Note that 120° = 2xt/3
radians.

Overview: r e~ [B7) with angle in radians even if the calculator is
in degree mode; the i is required.
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Details:

Enter the absolute value or 4
modulus, r.

Enter the separators betweenrand  Press [zna iw makes *]. The display shows 4e- (.

8.

Enter the angle or argument, 8. Since 120° = 2n/3 radians, you must enter 2mi/3. (Not
21m/3i: remember the order of operations.)

Press 2 [2na ~ makes 1] [2na . makes 1] [<] 3.

Caution: The angle must be in radians, even if the
calculator is in degree mode, and the imaginary symbol
iis required.

Enter the closing parenthesis. [1] [EvTER]

de™ Il <30 . Here's what you get if you enter the same number when the
-2+ 3,464 1816150, | TI-83/84 is set for rectangular (a+bi) display.

Converting to Polar or Rectangular Form

Your TI1-83/84 will automatically convert all answers to polar or rectangular form, depending on
how you set the display format. But you can convert a particular answer without changing the
mode. The conversion command (to Rect or to Polar) comes at the end of the command line,
never in the middle.

To convert an answer to rectangular form:

Enter the number or expression, [vzTH] [»] [»] [&] P UL SR St

then Rect. LIl G2 rRect ]
1.

To convert an answer to polar form:
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Enter the number or expression, [MaTH] [w] [»] [7]
then wPolar.

The calculator will Cl@A+d =0 5=24, kP

displav the anel ol ar
isplay the angle (part 1301 . 1 7EEAS2A

of the exponent on &) in FTB+4 Yo E—g T rE

radians or degrees als

K
according to how you 13e™ 06y .. 38301354,
set the mode. Be careful
to interpret the answer

in the correct measure! This example shows the same
calculation in radian mode and then in degree mode.

Finding the Angle

You can find just the angle (or argument) for a complex number. The angle will be in radians or
degrees, according to the calculator mode.

Example:

What’s the angle for the complex number —16+47i? To begin with, since the number is in
quadrant 2 (negative real part, positive imaginary part), the angle must be between 90° and 180°
or between about 1.7 and 3.1 radians.

Select the angle function. [vmTaE] [w] [»] [4]

Enter the number. [(-1] 16 [+] 47 [2na . makes i]

Enter the closing parenthesis and [1] [EvTER] ardled ~16+471 0
find the answer, about 108.8° or 163, 7993352

1.8989 radians depending on your
calculator mode.

Finding the Absolute Value r
Let’s find r, the absolute value or modulus, of the number —16+47i

Let's find 1, the absolute value or modulus, of the number —-16+47i.

Select the abs function. [MzTE] [»] [1]
Enter the number. [(-1] 16 [+] 47 [20a . makes i]
Enter the closing parenthesis and [1] [EnTER] b= -16+474

find the answer, about 49.649, 49, 542375535
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De Moivre’s Theorem

Letz=r(cos@+isin®) and let n be a positive integer. Then

' =[r(cose+isin0)]" =r"(cosnd +isinng).
Example:

. 3 . .
Find (1 + \/§i) using De Moivre’s Theorem

Because we have the complex number, change the MODE to a + bi form. Then press 2ND
and QUIT. Type all given data correctly and press ENTER.

(I+iv (3))3

Horiz G-T

Binomial Theorem

. - Most of the syntax used in this theorem should look
Binomial Theorem

| ! ||
(or Binomial Expansion Theorem) familiar. The [k] notation is just another way of
¥ \ L . L . "
H ~ writing a combination such as , C ¢ (read "n choose
{f'r'+hl'” —_ '\_‘ |H‘H ki}ﬁ k')
f . ’
kAT n pl
= :-:C.t I e—
K (n=K)Kk

The Binomial Theorem can also be written in its expanded form as:

PP ! " i "

((I +4'_E:')n = (IDLE:'H

A A

n - N PN -
"B+ ‘ " A +‘ a’ b +‘ 2" p +...+‘ ‘alb”‘l +‘
\.1. '\.2. ‘k.‘;. '\'H_]_ ‘k.ﬂ.

e / /

TR a0

. .
Remember that [}J = and that ‘ =1 and ‘ =1

I
=
(=K
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Leta =x, b =2, n = 5 and substitute.

. 7Y
Example 1: Expand (-x + ‘"} : (Do not substitute a value for &)

& \

f }|’ Y

o]

(a+b)y* =" " D"
reAL S
5 e
(x+1}5=“_~?| 3 F:sz
F 5 y -'.5 % - |'.:; ) - I.-' & - I.-' a0 ~ lr. &N -
B B X B B e B

Now, grab your graphing calculator to find those combination values.

Method 1: Use the graphing calculator to evaluate the combinations on the home screen.

Remember: Enter the top value of the combination FIRST. Then hit MATH key, arrow right (or
left) to PRB heading, and choose #3 nCr. Now, enter the bottom value of the combination.

MATH HUM CPs |SE= 1 16
1:rand 2 ntr 1 a3 ncr 3

2inPr 3 18
_TCP a3 nor 2 - 3 ncr 4 .

SirandIntc 3 ncr 3 3 nCr 5

&1 randborm 18 1

FirandBinc [ |

(x4+2F =3 + 535 2410x7 2% +10x%2° + 5x04 27 4+ 2°

=" +10x° + 402" + 8037 +80x + 32

Method 2: Use the graphing calculator to evaluate the combinations under the lists.

L1 Lz e z L1 Lz Lz z L1 Lz E z
0 I __ Bhldad Faaddcs) EERIbAE ! 1 | ——
1 1 1 E
z z z 10
% 3 3 10
iy i i E
L E E 1

Lzifr= Lz =5 nCr L1 Lzitr=1

In L1. enter the values 0 through
the power to which the binomial
15 raised, in this case 5.

In L2, enter the combination
formula, using the power of the
binomial as the starting value,
and the entries from L1 as the
ending values.

The coefficients from the
combinations will appear
mL2
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(v +2) =2+ 55524 10x702° 41057027 + 541027 4 2

=3 +10x* + 405 + 8057 +80x + 32

Finding a Particular Term in a Binomial Expansion

The r ™ term of the expansion of (e +&)" is:

r ™,

no e _
‘(4’” (¥ lji):‘ 1

=1

%, A

Letr=5a=03x) b=(4).,n=12

. 0 th LY
Example 2: Find the 5 termof (3x—4)". [ "/ .

"" n o -y Grab your calculator.
el 2
e 1,-' Be sure to include those parentheses!
120 (unless vou do the subtraction manually)
= 12-(5-0) ¢ _ gy3-1 12 nCr ¢S-12
5 1...‘(3” (-4) . e
(12 g 4
= (3x)(-4)
Y, 4 A
=495-6561x" - 256

Be sure to raise each entire parentheses to the
indicated powers!

4954500 -4
231483920

=831409920x°

Working with Matrices

Matrices are rectangular arrays of elements.
The dimension of a matrix is the number of rows by
the number of columns.
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Inputting/Editing Matrices:

Before we can work with matrices, we must first input them into the

calculator. To enter the Matrix Editor, press — [MATRX] (above the
key). The TI-83/84 calculators contain predefined matrix variables labeled [A]
through [J].

The “NAMES” column in the Matrix Editor is where we will choose a matrix
after it has been created. The “EDIT” column looks just like the “NAMES”
column, except this is where we input or edit a matrix. The “MATH"” column

contains special commands that only work with matrices, some of which we
will discuss later.

Inputting matrices into the TI-83/84 is easy. Press the right arrow key twice
over to the “EDIT” column. Use the [4] and [+] arrow keys to select a matrix
name. Let’s use [A] since it is already selected, so press [ENTER].

Since we are creating a new matrix, the calculator displays a default 1x1
matrix. Let’s say we want a 3x2 matrix instead. Type: — [ENTER| — [2] —
ENTER].

You should now have this screen. As you can see, we have a 3x2 matrix filled

with zeros. To input your own matrix, type in each element of the matrix row-
4 2

by-row. That s, to enter the matrix [1 3], type [4] — [ENTER] — [2] — [ENTER
8 7

— [1] — [ENTER] — (3] — [ENTER] — [8] — [ENTER] — [7] — [ENTER].

And this is what you should have. Before we can use this matrix, we need to
first exit the Matrix Editor. To do this, do not press [CLEAR]|! Pressing [CLEAR

will remove the selected number. Instead, press — [auIT] (above [VMODE]) to
return to the Home screen.

Return to the Matrix Editor ([2nd] — [MATRX]). Notice that [A] now has the
dimension of our matrix beside it. This is how we know that a matrix has
already been entered into the calculator. To edit this matrix, right-arrow-key
over to “EDIT”, select the matrix name ([A] in this case) and press [ENTER). The
stored matrix will be displayed for editing. Remember to always press —
[QuiT] to exit the Editor!

?I{Iﬁ MATH EDIT

TN
G TMoom

4—us un um un

img
1110
dentitac
andmM
Uament.

=JO LA
{_Il [T T llrl\:'E
T -G

=

AMES MATH 24

U"-I'_H-IE-HNE
CMMmMOaomI

M
[
[
[
[
[
[
[

—

TRIXIAI 1 1

~ =

MATEI=[A]

[ (.
[ 0
Lo 0

3 2

[T

1:1=8

MATEIXIA] 3 =2
2 1

Fa— ]

[Y
[1i
[e

*a2=7

MATH EDIT

=Jin e
4—uE ms =n mn wn
mmmoaam
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Addll’lg Matrices - matrices must be of the same dimension to be added.
1 2 3 2 2 4
Add: +
|:—1 5 6:| {% 3 2:|

First Enter the Matrices (one at a time):

Step 1: Go to Matrix Step 2: Armrow to the nghtto  Step 3: Type in the dimensions
{above the x° EDIT to allow for (size) of your matrix and enter
w MATH EOIT entering the matrix. the elements {(press ENTER).
oy
2 1ET HFII'EIE? MATH (SNl |["11FITHI:='=.'E[FI] 2 K3 :
=8 [C] 5“ [E] [y 3 F— 1
4: [O] I [C]
a1 [E] d4: [[O]
i [F] 5t [E]
key) L4 1G] &1 [F]
If dimensions appear next to the names of ) [15] za 3=6

the matrices, such as 3x3, a matrix iz
already stored in the calculator. You may
save it by moving to a new name, or
overwrite it.

Step 4: Repeat this process for Step 3: Arrow to the night to Step 6: Type in the dimensions

the second matrix EDIT and choose a (size) of your matrix and enter
w MATH EOIT new name. the elements (press ENTER).
2¥5 HAMES MATH |SaEl MATRIXIB] 2 =3
= [E] 1: [A] 2=3
Tt [C] [E] & ; Fa— 1
4: [0O] ?[c]
S [E] 4: [D]
Ei [F] S5: [E]
k5G] &: [F1
' T4 [G] Zaz=2

Now, add:

Step 7: Return to the home
screen. Go to Matrix
to get the names of the

The answer to the addition, as
seen on the calculator screen,
is=

matrices for adding.. 3 -
AT+IET { 4 }
[7 2 2]] 788
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Multiplying Matrices - for multiplication to occur, the dimensions of the
matrices must be related in the following manner: m xn times n x r yields mx r

1 2
Multiply: |3 4 F T -}
ultiply: |3 4 || _
5 6 7 8 8

First Enter the Matrices (one at a time) as shown above:
Step 1: Once the matrices are Step 2: Return to the home

entered, vou should see their screen. Go to Matrix ™ The product, as seen on the
dimensions in residence when you to get the names of the calculator screen,
go to Matrix (above the x key) matrices for is=
MATH EDIT multiplying. 17 20 23
: SHZ [A1#[E]
P[B] 2X3 [[17 28 23] 37 44 53
8 [C] [Z7 44 53]
4: [O] [27 &8 2311 57 68 83
o [E] |
&2 [F]
v [5]
Determinant of the Matrix
4 2 1
Find the determinant of the matrix [A] = |5 7 2]
1 -3 5
4 2 1 HMAMES [EENME EDIT
Enter this matrix as matrix [A] in the calculator: |5 7 2] E?Et{
1 -3 5 Sidimg
To calculate the determinant of [A], enter the Matrix menu and [»] arrow key % Eéérlﬂliituli

over to “MATH”. Select the first command, “det(“, and press [ENTER] to paste it %igagggrgtﬁ

to the Home screen. Select matrix [A] from “NAMES”, press [ENTER| to paste it

to the screen, and [ENTER] again to run the command. That’s it! The det.c [A] aE,
determinant of this matrix is 96. |

Inverse of the Matrix

2 3 —4
Find the inverse of the matrix [A] = |1 -2 0 ]
3 0 1



Family
Typewriter
148


149

Step 1. Open the MATRIX menu by
press 2ND and X! keys.
Use the arrow key to highlight
EDIT and then 1:[A]. Press
ENTER.

Step 2. Indicate the size of the matrix.
Enter the number of rows and
columns, and press ENTER.

Step 4. Enter [A]™! on the calculator.
Find [A] by going to the
MATRIX menu (as Step 1)
and pressing ENTER with
NAMES and A highlighted.
Now hit X! key and again

Step 3. Add elements of the matrix
followed by pressing ENTER
after each element. When you
will finish, press ENTER also.

press ENTER.

Step 5. Success but with a problem. e Step 6. Fix the answer. Press MATH key :—.i"'-”“'.
This example has the hard ?3%4%%9 = and highlight 1::=Frac and press Ry
reading answer. = =i &1 ENTER.

Step 7. Receive the final answer. Press
ENTER. You can transform your
matrix by the following way
2 3 8
31 31 31 2 3
1 14 4 _lll 14 (6731 -9/31
31 31 31| 31 =
_5 _2 7 -6 -9
31 31 31
Transpose Matrix
MAMES |iEMs EDIT
1:det(
4 2 1 ; ;i e
Let’s calculate the transpose of [5 7  2|. Ifitis not there already, input 4 F%Tl(
1 -3 5 a9t identitac

this matrix as [A] in the calculator. After pasting [A] to the Home screen from %if‘agdﬁ':t{
the “NAMES” column, go back to the “MATH” column in the Matrix menu and au=nen

select the second command. Press [ENTER] to paste the command to the [RIT
screen, and then [ENTER] again to run the command.

MRS

Fa=Jin

oo
|
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Solving System of Equations

by Different Matrix Methods

1. Using Inverse of a Matrix

For the operation by this method use the formula: X = A™1- B
x—y+ z=3

Solve the system of equations { 2x+y—3z=5
4x+y—z=11

1 -1 1 3
Letthe matrix [A] =2 1 —3|andthematrix [B] =| 5 ]
4 1 -1 11

Step 1. Enter all equations.

MATEIXI[A]I 3 x3 MATELALAH]D 5 X3
[1 -1 1 [1 -1 1

i 1 ol ce

2.3="1] zazx="1

MATH EOIT
S
a1

Step 2. Use the formula.

Choose the matrix [A] and find it inverse [4]~1. Then provide the multiplication of two matrices

[A]™" - [B].
[A] *#*[E]

2.  Row Reduction Echelon Form
2x+3y—4z=4
Solve the system of equations { x—2y+3=0
3x 4+ z=6
Rewrite given equation and create the matrix
2x+3y—4z=4 2 3 -4 4

{ x— 2y =—3=>[1 -2 0 —3].
3x + z=6 3 0 1 6
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Step 1. Open the MATRIX menu by

Step 2. Indicate the size of the matrix.
press 2ND and X" keys. Enter the number of rows and
Use the arrow key to highlight columns, and press ENTER.
EDIT and then 1:[A]. Press
ENTER.

Step 3. Add elements of the matrix WATRIR T Step 4. Reduce the row at the entered
followed by pressing ENTER E:z 13 3_! matrix. Exit all menus by pressing
after each element. When you 2ND and QUIT. Press 2ND and
will finish, press ENTER also. _—— X1, go to the MATH menu and

move cursor to B rref( . Press
ENTER.

Step 5. Finish to enter rref ([4]) on the calculator. T
Find [A] by going to the MATRIX menu W —
(as step 1) and highlight NAMES and A.
Close the parentheses and press ENTER.

Step 6. Success, but with a problem.
This example is hard to read.

Step 7. Fix your answer. Going
to the MATH menu
and highlight 1:=Frac
and hit ENTER.

Step 8. Receive the final answer.
Press ENTER|

Partial Fractions Decomposition

The factory-equipped calculator T1-84 do not have the special menu for the partial
fractions operation. Moreover, decomposition of the partial fraction is possible by
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the transformation of the partial fraction equations to the matrix and additional
solution as the matrix.

Remember: The answer of the given problem will be at the matrix form also. Really, it will be
numerators of your partial fractions and all denominators you should receive by the manual
calculation.

1.  Solution through the matrix methods

Example:

Write the partial fraction decomposition: 92D

The beginning of the procedure is the same as during the manual calculation of the partial

fraction decomposition.

1 A B Cc

152D xi5 T Gersz T ooa

1=A(x+5)(x—-1)+B(x—1)+C(x +5)?
1=Ax?>+5Ax — Ax —5A+ Bx — B + Cx? + 10Cx + 25C
1=x?(A+C)+x(4A+ B +10C) + (—54 — B + 250)

4A+1B+10C =0

{1A+OB+1C=O
—5A—-1B+25C=1

Transform this system of equation to the matrix

1 0 1 0
4 1 10 O]
-5 -1 25 1

Solve this matrix by using the graphing calculator by inverse the matrix or row reducing
echelon form methods (in the book use the row reduced echelon method).

HAMES MATH [Sali) MATETETAT I =4 MATH EDIT HAMES " EOIT
e S T N AL

: -1 : tMatrrlis

3t [C] -1 el (2200 SiLiztematr

4: [0] 4: [0] B cumSume

5: [E] 5: [E] A ref

&1 [F] &t [F] Frefl

4 [5] zay=1 Fl[G] oW SLaE ¢
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rref il rret'c [H] 20 af O [A] 2 rFrac
-1
188 -5
B1e -i
Be 1l =
A=——
36
The variables Bz—%
C==—

36
The partial fraction looks like:

1 1 1
1 _"3,_ "6 _ _36
(x+5)32%(x—-1) x+5 (x+5? x-1

2. Solution through the downloadable software

Attention: Do not try to download any software from the internet to the calculator by yourself!
You can destroy your calculator.

Example:

Write the partial fraction decomposition: 92D

This procedure is very logical, quick and simple. After the downloading required software as you
pressing APPS key, you receiving additional row: 9: PartFrac. Choice it and hit ENTER. The
calculator will ask you a lot of question about the given fraction. After the answer for each
question, hit ENTER.

Humerat.or Consts 2
ON1lcs : . :Ho actore
:CL1aHe 1F (edres: ol "1 BF 2o tored
tEasgbata
tInesualz
:LearnChk
FartFrac
FlaSmlt?
Denominator: Cinear Lerm Linear Lerm Dencominator:
# of uni=ue 1 2 # of uni«ue
Linear terms: Caxthi™c Caxthi™c HByadratic terms:
B | a=1 a=1 =] |
b=5 b=-1
=21 c=1
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1426 -FB 126
+ —
+E (H#E)Z -1

ZoTvind For variables.

Because this program is not the factory-created, this is the order of the error codes happened
through the possible mistakes during the partial fraction decomposition:

Error codes:

The size of the program is already pretty big, thus I spared the strings required to describe the
errors and gave every error a code. Here are the meanings:

Code 1: The numerator is zero. The numerator of the fraction cannot be zero, because the
whole fraction would be zero.

Code 2: You did not define enough factors. It is required to have at least 1 repeated or two
unrepeated factors.

Code 3: The last factor is neither linear nor quadratic. All factors must be linear or quadratic.
Review the section on repeated factors.

Code 4. "Bad Factors". This happens if the program could not solve the system of equations. A
factors was most probably entered more than once. Review repeated factors.

Code 5: The last factor is a constant. A factor cannot be a constant. Multiply one of the other
factors with this constant and enter it as one factor.

Code 6: You tried to repeat a factor more than three times. The program does not support such
factors.

Limitations of the program:

The problems are:

o Improper fraction will be evaluated incorrectly. An answer is shown, but it is most
probably incorrect. Thus make sure that the order of "X" is higher in the enumerator.

o If afactor is repeated the calculations will say: "BAD FACTORS... ERROR! CODE: 4"
this means, that the program could not split the fraction. Check, whether you factored all
quadratic polynomials.

« Long calculation times. The times range from 10 seconds for two linear factors to
minutes for many factors. Normal text-book fractions should however be solved fairly
quickly (faster than doing all the calculations by hand).

e The precision with many factors is not perfect. Again text-book problems should be OK.
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Working with Sequences

In Seq MODE:

To work with sequences in the Seq mode:

» Press MODE key

» Choose Seq in the fourth line

» Hit ENTER to highlight Seq

» Leave other settings as default (on the left side)

Press Y= and notice the difference in this screen.

To define a sequence, you must specify:

» nMin - where you will start counting the numbers
in the sequence (most likely this value 1s 1)

« u(n) - the pattern for the sequence
(use X,T,#,n key to enter the pattern)

» u(nMin) - the first number in the sequence
(When you enter the first number in vour sequence, notice the list

braces that appear. These braces will allow for the entry of more than

one term if needed.)

Example 1:

(in both Seq and Func Modes)

-1 Eng
H1Z23456729
DEEF?E
ar Pol 5B
Dot

UcC.

Horiz G-T

Flakl Flotz Flak:
nMin=1
REFLERES |
UinMini=
AR a=
winklini=
=

winMini=

Consider the sequence defined as a, =251 -1,

List the first 6 terms of the sequence and find the 105™ term.

Enter the information in Y=:

Set the table (TBLSET):

Look at the table (TABLE):

Flaki Flotz Flokz

P TEEET | ot
wMin= art= 3 ___F
UG B2n=1 aThl=1 £ E
utaMinIBL1s Indrnt.: i 3
lma= Derend: £ g
winfina= B i1
i =R z 13
winMind= =1

The first 6 terms are easily visible in the table.
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To find the 105® term, reset the ThlStart to a value near (or at) the desired term.
Bead the answer from the table,

TRAELE SETUF a2 |utn)
ThblStart=168 100 | 199
aTbl=1 104 20

Lndent.: A=k s | 2o
EeFends =

frrmm| 205
i0g 11
n=105

If you GRAPH when in sequence mode, even if your calculator is set in connected mode, you will

only see plots of points. Remember that a sequence is a listing of numbers without other values in
between. Notice, in the center calculator screen below, how the sequence mode table shows answers only
for n values of 1 or larger. Remember that the domain of a sequence is the set of natural numbers
{1,2,3, ..}

Flakl Flotz Flob: o LA
nMin=1 -2 ERE:
BRI ] = | -1 ERF:
uinMina Bl s il
Hugnﬁ? . z E;
winMina= =
wiaMini= n=d

If vou express this sequence as a function and return to function mode, vou will see a connected
graph (a line in this case), rather than the plotted points.

EXEIIIIP]E 2: (Recursive sequence) List the first 7 terms of the sequence:

4 =3
2a_. -1
':In — 1
I
Enter the recursive formula information. View the terms of the sequence
Enter the u by using the alpha letter u in the table.
(2nd 7). Note the starting value of 3. o L
Flakl Plake Flakz E_ % e
wMin=1 -
R dBI2uln-11-1 : Sices
N FaminBes ;| cif
LLai1n -
T i 1837
winMind= =1
L=
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Example 3: Generate the Fibonacci Sequence (where each term, after the first
two terms, is determined by adding the two previous terms).
Enter the pattern for the sequence. Notice how Go to the table to view the Fibonacci

the u(nMin) displays the first two terms using sequence
the list braces.

Flotl Flotz Flotz
nMin=1
g naBudn—1 24U

-
imMinaBLl. 1%
LR l=
wiaMina=

it n =l

“
o
=
e

ia

== L P e

|| | ™AL T,

—

]

In Func MODE:

Certain sequences can be examined in Fune mode.
Consider the following examples:

Example 4: Arithmetic and geometric sequences
can be quickly generated in Func mode if the common
difference or common ratio, respectively, are known,
along with the starting value.

List the first five terms of an arithmetic sequence whose first term is 1 and whose
common difference is 4.

A "quick - see it on the screen” method: i )
« Enter the first term on the home screen. An=+4
+ Press ENTER to register the first term. g
» Press + 4 (the expression Ans+4 will appear). 13
« Press ENTER. 17
« Continuing to press ENTER will generate i

successive terms in this sequence.

Unfortunately, finding specific terms with this method, such as the 100%, will require that vou press ENTEER. and count
very carefully - not always an easy process.
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Example 5: If an expression/formula is known for the generation of a sequence, the
terms can be listed in Func mode using the seq( function.

List the first 6 terms of the sequence defined by: a, = L

M

2nd STAT (LIST) — OPS Using seq(, tvpe the formula, variable, starting value for n, last

Choose #5 seq( value of n needed, increment. (For ease, X may be used as the variable
HAMES MATH or type N using the alpha kev.) Arrow to the right to see more of the
1:5ort terms of the sequence.

2 E SIZII"“'LD L If you need fractional answers, utilize the MATH - 21 Frac
iaime sea {1/ TH, 7 1, 16
SEN y
:E-LFINSL-".'"': él SFIFES ] 125 IE---
Flaliste HEorhan
EIFE 1.4 1.8 1-.

This method of listing terms of a sequence will be limited to 999 terms of the sequence at
any one time.

Example 6: If an expression/formula is known for the generation of a sequence, the
sum of a specific number of terms can be found in Fune mode.

Find the sum of the first 10 terms of the sequence defined by: a = An+7

2nd STAT (LIST) — MATH Notice that sum 1s followed by the entry of the sequence as shown
Choose #5 sum( i Example 3.

HAMES 0OPS [HEHs sum CsesldE+ 7 M,
limine 118,122
2imaxy 296
Simeant
d4imediant
SLIM
: Frodt
Tlatdlew

Find the sum of the second through fifth terms of the sequence: a, = dn+7

F|

sumCseydE+ 7
2252122

=g
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Example 7: Sequences represented by a recursive formula can be generated in Func
mode.

=3
List the first 4 terms of the sequence defined by: “
a.,=2a -1
» Type the starting value and press ENTER.

» Use the ANS function to create the formula used to generate the
sequence. Type 2¥ANS-5 and press ENTER.

» Now, simply press ENTER to create successive terms of the sequence.

5
3
2#An=s-1
9
3
17
53
[ |

Evaluating Summation Notation

(Function Mode)

General summations:

A shorthand notation 1s used to represent sums with more than a few terms. This shorthand
notation uses the Greek letter sigma (which denotes sum). If we have a rule such as f(n) which
assigns the value f(n) to each integer n 1n the set of integers {j, j+1.7+2. ... k}, we can represent
the sum as:

Z F0) = F()+ D)+ G+t f(F)

On the graphing calculator:

We will be using the sum feature and the seq feature to work with a general summation.
On the calculator, we will interpret 2 summation as follows:

13
T1fm) = sum(seg(f(n).n1.k.1))
o]

n=j
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2"d STAT (LIST) — MATH #5 sum 2nd STAT (LIST) — OPS Choose #5 seq(
HAMES OFS (WaEis HAMES MATH
1:mint iSort
21 maxe 23 Sorthe
Jimeant Sidimt
41 mediand 4:Fillc
?sunlﬁ ?semﬁ
:Prodd s cumSUn ¢
7lstdDewd ‘daliste

The format for seq: expression, variable,

The format for sum is sum( list ) starting value, ending value, increment.

where list will be the terms of the rule

JODFG DG+ DT

While sequences have a domain of natural numbers, {1, 2, 3, 4, ...}, in Funec mode, the sequence
command will accept integer domain values less than one. (In Seq mode, however, the
sequence command will accept only integer domain values of 1 or greater.)

el 5
Example 1: Evaluate: 2%+2 Example 2: Evaluate: e
sum(seq(2x+2,%,2,7.1) sum(seq(4™,x,-1,5,1))
SUMLSes 2Rt E KL 2 sumilsedid™CE+]1 0,
:?:1:‘:‘ H¥a-125.122
x G5 5451

notice that this sum starts with k=2

(For ease of entry, X was used as the variable in both examples above.
If you wish to use the designated variable, type it into the calculator using the alpha key.)

| Another approach to Example 1:

Type the number of terms needed into L1.

Type the rule into L2.

Add the answers manually on the HOME screen.

Or, have the calculator do the adding. If you do not want to add manually on the home
screen, you can use the cumulative summation feature (cumSum) to add L2.
Remember that Example 1 starts with k = 2.
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HAMES MATH L1 Lz Lz 3 L1 Lz Lz E;
2T5ar z i ] z i FE
Sidime z B z ] 14
J:Fillc Y in Y ia e |
. E 1z E 1z zh
aEseyL B 1y & iy £
CIAMSLM ¢ ? 16 7 i6 BE
mabd s o | |esessslammemnl l i) | | lazzese=lannnes]ioosees
2lSelectc Lrt=cumSumilz 2l LI=E
To find comSum( . go to LIST Enter cumSum(L2) as the The entry in column L3
(2nd STAT), arrow to OPS pattern to determine L3, corresponding to the value 7
heading, and choose #6 cumSumi. in L1 will be the sum.

Summations and Sequences:

"

Sums, such as Eﬁ ;. where j = 1, may represent the summation of a sequence, called a series.
=1

Remember, sequences have a domain of natural numbers, {1, 2, 3. 4, ...}.
In the sequence related problems below, the starting value in the summation will be
greater than or equal to 1.

Again, we will be using the sum and seq features of the calculator to find the summations. The
summation is interpreted as:

H

>'a, = sum(seq(a,. j.1.n.1))

i

=1
2"d STAT (LIST) — MATH #5 sum 2nd STAT (LIST) — OPS Choose #5 seq(
HAMES OFS |EERis HAMES MATH
limine 1:Sort
2imaxy 22 5ort0d
Zimeant Sidimg
4imediant diFille
SLM el
gl I P oumSum
TdstdDewr rlalistc
Example 3: sum%aeq(3H2=H,1=
g i 6l2
Evaluate: > 3 i
7=l

Thizs example uses x as the variable,
mstead of using ;. The x 15 sumply
easier o enter into the calculator.
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A sumiseyq((ZH+102,
Example 4: H:S»12,13
. 27eA
Evaluate: SH”"'U:
n=3

This example uses » as the variable -
obtamned by engaging the alpha kev.

Example 5:

Find the sum of geometric sequence

10
D327
x=1

S5t
& fMing
T fMaxd
. Sinberiud
Stepl. Working in MATH menu. Choose Qifnint(
0)summation Y, ) and hit ENTER. Asurmation ZC
Step 2. Type all parameters of the 10 "
summation by the calculator and press ,El (3%2%)
ENTER. &138

Infinite Series

An infinite series is an expression such as: 1+ 1— + l+ 1—+ ... where the dots imply that an

Z 4 8
infinite number of terms will be added.
Partial Sums: To find the sum of an infinite series, we exam the partial sums.
oy =1 The sum of the series will be the limit of the partial sums (that 15, the
1 3 number that the partial sums are approaching, if, in fact, they do
S =1+—-= 5 approach a number).
1 1 T - - v L - '
Sy=1+ = —_l = ] If the limit exists, the series is said to converge.
[y If the limit does not exist the series 1s said to diverge.
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The sum of an infinite series is the limit of the partial sums.

3 N

E .=l 5 = lhim E a
= B ] i ]

n=l n=1

On the graphing calculator:

Method 1:

An infinite series can be examined as you would examine a finite series. Utilize the sum featur
and the seq features. This time, however, we will "choose" an ending value for the summation.
We are looking for an idea of where the sum 1s heading. Let's examine our first series:

1+ 1—+ l+ 1—+ ... where the pattern is
2

2 4 3 2"
» Enter the series as we did finite sumised( 17027 (H-] [sum{sea (1l (2~ (H-
series. 1:':'::“‘::1:5:%:‘93?5 1:':'::“::-1:-5:%:‘93F5
» Examine 5 partial sums. = i
« Recall the entry and examine 50 ?g?fﬁ?i‘féaf%j 5
partial sums.
* The limit approaches 2. L

Choose whichever numbers you wizh.

Method 2:

An infinite series can also be examined using lists. Let's examine our first series again:

1+ 1_+ l+ 1_+ ... where the pattern is Ll
y 2

- -

Enter the number of terms you wish to examine in L1, Enter the formula into L2. Enter the
cumulative sum into L3. cumSum is found 2nd LIST - OPS - #6 cumSum

L1 w L: z| [ud Lz =] x| (L Lz Lz 3
et Rt e i B SEt prba i i P
: : E : £ 1t
3 z e 3 i i7c
q iy Azc q 1z 187t
E E MBZE E n6zE | 1.837E
& & NTLZE & \x1ze | 1,088
7 7 W0iEEE 7 (iEE= | 1.8A4Y

Lz =1-~2{L1-12 Lx =cumSumilz 2l Lxi=1

Now, examine what is happening to the partial sums in L3,
Increase the number of entries if needed for further examination.
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Example: 1
P Evaluate: Z —
= 10
ETmEaeTg 118", M L1 Lz L z Examining the partial sums
2lz 1t 1 A F. shows that the limit is
-HLILAL1LL ; :g%_:l. 111 approaching .1111111111
E 1E -E Hﬂi which 1s 1/9,
A 1E-A Adi1dd1
7 iE-7? Adi1di1
Leiii=,1
Method 1: Using sum and seq  Method 2: Using the list with
with 10 partial sums. 10 partial sums
Conics

Any equations of conics

Start with the general quadratic equation:

ax’ +bxy+cy' +de+ev+ f=0

Regroup on the y values:

ey’ +{bx+e)y+(ax’ +de+ £)=0
Solve for y in terms of x using the quadratic formula:

—(bx+ )t J(bx+ ) — 4% (ax’ + di+ f)
y =
2c

Enter this equation into Y1.
Go to the Home Screen and store numbers into A, B. C.D. E, and F.

This equation will allow you to graph any conic in any position.
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Circle
A, center at the origin: B. center at (h, k):
4y =5 (x—hY+(y—kY =#

Example A: Graph: x° + y* =64

Solution:
Flotl Flake Flatz
, -
¢  Enter the equation into Y= by solving for v. hﬁlE{l&I?q‘ nEd
_ .z M=
P =E464d—x W=
= Enter the positive square root into Y1 “We=
= Enter the negative square root into Y2, or enter the negation L f
of Y1. nY?

s If vou choose ZOOM =6 (the standard window), the graph
will appear to be an ellipse rather than a circle due to the 3/2
aspect ratio of the viewing screen (the standard viewing screen

* (Choose ZOOM=5 ZSquare to create a viewing window
where the units on both axes are the same length.

is not a square)). (SRR A

NOTE:

* You may notice that the "vertical” edges of the graph may not appear in the viewing window. The
viewing screen cannot graph points that fall between pixels.

* You may notice that the TRACE function will not move automatically between the two sections of the
graph because the positive and negative square roots were graphed as two separate equations. The up

arrow can be used to move between the two sections of the graph.  Also, the cursor will disappear if it is
moved bevond the domain for which x is defined.
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Example B: Graph: (x— 2V + (y—1)* =1

Solution:

s Enter the equation into Y= by solving for v.

(-0 =1-(x-2)
y—IZi\fm
y = iﬁl'i—(x—i)z +1

* Enter the equation with the positive square root into Y 1.

¢ Enter the equation with the negative square rootinto Y2. You
cannot simply negate Y1 to obtain Y2 in this problem.

* (Choose ZOOM=5 ZSquare to create a viewing window where
the units on both axes are the same length.

Solution Using DRAW:

(please follow steps in order)

¢ Press ZOOM=4 (ZDecimal) to go to a graphing screen.

* To graph the circle, press 2nd PEGM (DEAW) 29 Circle.

* MNove the cursor to the "1 value of +2 by using the arrows.

¢ Move the cursor to the "&" value of +1 by using the arrows.

* Press ENTER to set the point for the center of the circle.

* Move the cursor the length of the radius (1) away from the
center. Keep track of the values at the bottom of the window.

* When vou hit ENTER, the circle will be automatically dravwn.

* Youmay need a larger window if vour radius is large. (Zoom

Out)

Flatl Flokz Flokz

I¥1EIi1—iH—E}3}+
MBIl ol-cx-22E0
+1

~Nz=1
~hy=
“Me=

»

¥

=1

n=z

¥

=0

Tidbit:
You can use a "list" approach to deal with the plus and
minus square roots:

Graph: x4 y2 =4 which becomes y= 4 - ¥’

Enter: Y1= {1,—1}*\,'4 —x

Tracing still requires arrowing up and down between entries.

N

N
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Another way for graphing the cirle

Select APP by pressing the APPS key and
choice 4:Conics. If APP does not behave this
script, press MODE and ensure the window
setting is AUTO. Then press 2ND and QUIT.

At the main menu select the 1:CIRCLE. Then
press ENTER.

Celect the type of the equation of the circle.
Choice 1 and hit ENTER.

Changeto H = 0. K = 0 and
R = 5. Press ENTER. Press GRAPH.

Changeto H =2, K = 2 and

R = 5. Press ENTER. Press GRAPH.
The new circle with the center at (2, 2)
1s displayed.

Circle i polar form. Change the
MODE to the polar form POL
and press ENTER. Continue all
previous procedure. The conic
settings screen became to change.
Choice 3 and press ENTER.

Choice constants as A = 2, B = 3 and

C = % and press ENTER. After that the
constant C changes to

C =1.5707963267949 which i1s the
value of the E Press GRAPH.

tFinance..
tALGIFET1
:CabriJr
E‘HCDHIEE
iCt1lgHelF
tEasglata
LInesualz

TEACH T

r CLASEIC
Une#d

ANZHER=: GITEN] DEC_ FRAC
GOTOFORMAT GRAFH: YE:

ETATDIAGNOZTICE: ]
ETATHIZARDE: )] OFF
SET CLOCK IRl d=rd 'k i §: Bed)

[TaoIT

CIECLE
W (i-Hizeiv-Biz=Rz G
I RRT+AYZ+ER+CY+0=0 ..$..

E=C

LIRLLE
Ch=Hiz+(¥-K)z=Fz

m==
10
nom

1N
N

C

|

CONIC SETTINGE

TYFE: FUNC FAFR
HINDOHZETTINGE: HAN

E=C

CIRCLE
1t k= 2Rcosia)
& K= EASinN 4
B AT =B + KT - ZERCos-b)

E=C

CIRCLE
A2 =2+ K2 - 2ERCosia-b)

orom X
muonn

K
4
m'eE
E=C

(I
v
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Parabola
A. Center at origin: B. Center at (h, k):
x* = 4py (x —h)*> =4p(y — k)
y* = 4px (y —k)? =4p(x—h) ‘ 7

Example: Graph the equation of a parabola

4x? — 24x — 40y — 4 =0

Solution:
4x% —24x = 40y + 4 \Move the constant and unpaired linear term to the right
4(x* —6x) =40y + 4 |Complete the squard

4(x* —2-3x+9) =4-9+40y + 4 |4dd the square to the both sides|

4(x — 3)2 = 40y + 40

4(x —3)* 40y +40 Divide both sides by the coef ficient
40 N 40 of the unpaired linear variable
1

E(x—3)2=y+1

10(y + 1) = (x — 3)?
Another method for graphing a parabola

Rectangular coordinates.

Choice the rectangular mode FUNC and follow all procedure by the similar way as the previous
example.

?DHI%?EELE CORIC SETTINGE FARAEBOLA PARAEOLA
: TYFE: FAF FOL -

2t ELLIPSE HInDDETInES: WAl 0 C¥-KIz=HPOH-H) + OV -KIz=UPCH-H

o HEFPEREOLA i [H-H)Z=HF¥-K) —“fl 1

=H FPARABOLA :

mxEx
miunn

i

InFO| | @uIT E5C E=C E=C
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Similarly, when you start to work in polar coordinate POL mode.

Solution:

* Solve the equation for v.
(y+3)° A (x-2)°

9 4
Ay +3Y +9(x-2) =36
4y +3Y =36-9(c- 2)

1

Flokl Flotz Plok:
SNMiBCL. 13 TC3E
= H=202 0,203
~Nz=N
“Mr=
“Hy=
“Me=
“Me=

?DHE?E CLE CORIC SETTINGE PARABOLA PARAEOLA
: TYFE: FUNC FAF *
% EblﬁéEEELH HINDOM SETTINGS: HAN mn:% ¢ . “H-::ﬁ &
sH PARABOLA . T __ e
i R T e A+ BRI +
hFo | [T EiC EiC or | B¢
FARABOLA ™.
_ IR
k= 1-gcosial
«=1
F=-1
EiC el
Ellipse
A. center at the origin: B. center at (h, k):
2 2 2 2
x oy (x—h) (y—k)y
=1 -+ —=1
a b a b
2 2 2 2
v G-k | b
T tE = 7 T :
a b a b
(y+3° (x-2)
Example: Graph: + =1
9 4
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36-9(x-2)°

14 f36—9(x— 2)*
f B 4

_ £4{36-9(x-2)’

: 2

-3

170

Another method for graphing an ellipse:
Rectangular coordinates FUNC mode

i =E 1ance...

&iEasqalata
el Inesualz

CONIC SETTINGE

TYFE: JUMA FAR FOL
E HINDOHSETTINGS: HAN

| QUIT EZC

ELLIPSE

L Y ol R
Pt T T

H-Hiz [¥-Rix _
= 5z * ks

EZC

4
-

ELLIFZE
e P LR
Ex Az

xxrmI
-t

Lo rn

m
L
[m}

Polar coordinates POL mode

E

LGIPRTL :
a ;

[T

:CabriJr
onics
t.19He1lF
aszd0ata
nedualz

“H

+

=Moo D

=]

CONIC SETTINGE

TYFE: FUNC FAF
HINDOHSETTINGS: HAN

| QUIT E=C

L ELLIFSE

-
T 1-gsinta)

-
[ R Tosinte

E=C

..$,.

ELLIFPSE

#*
»Ek=
=7
p=-E

T
Bk 3

or| et E5C

ELLIPSE

2EF

ZRF =
T Y] "$" R Tresintar

Hyperbola

A. center at the origin:
2 2

X ¥
Z !

B. center at (h, k):
(x—hy -k
a - b’ =1
G-k G

a b
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2 2
Example: Graph: (X;I) _(y;Z) —1

Solution:

* Solve the equation for v.
b -2t
2 2
-1 -(¢-2) =9
-1 -9=( -2
tfx-DP-0=p-2
+ - -9+2=y

* Enter the equation with the positive square root into ¥ 1.

+ Enter the equation with the negative square root into Y2.
You cannot simply negate Y1 to obtain Y2 1n this
problem.

+ OR enter using the {list} approach as shown at the right.

+ Ifyou choose ZOOM £6 (the standard window),
remember that the viewing window has a 3/2 aspect ratio
(the standard viewing screen is not a square).

* Choose ZOOM=5 Z5quare to create a viewing window
where the units on both axes are the same length.

* To see more of the graph, choose ZOOM #3 (Zoom QOut).

Flotl Flakz Flob:

WMABTL s Tl OO
=1xe=90+2

~Nz=N
wWr=
wWy=
wMe=
“MWE=

",

L : n

NOTE:

The viewing screen cannot graph points that fall between pixels.

* You may notice that the "vertical” edges of the graph may not appear in the viewing window.

* You may notice that the TRACE function will not move automatically between the two sections
of the graph because the positive and negative square roots were graphed as two separate
equations. The arrow keys can be used to move between the two sections of the graph. Also, the
cursor will disappear if it 1s moved beyond the domain for which x 1s defined.

Another method for graphing a hyperbola:
Rectangular coordinates FUNC mode

i]jl_ﬂ_![g}]._[!lig ?nn é ?EELE CONIC SETTINGS HYFERECOLA
tFinance.. : TYFE: T Fak FOL _ -
R T I L
E‘HCDHIEE : PRAEARBOLA 5, LI-HIT _ R-HIE
EE EtIQHE%F‘ T E=
?lxﬁii"mgﬁ INFD| [ oIt E3C E3C
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HYFEREBOLA
CH-HIT _ ¥-HE _

S B ! Rl

Polar coordinates POL mode

xxrmI
Inmnn
o=

m

L

[m}
rrrrrrrer]

ilﬂE.!lE]l.[!]iE ?DHI%E:EELE CONIC SETTINGS HYFEREOLA
PClnance.. TYFE: FUNC FAR s
%E!;Erafﬁll gﬂ EblﬁéEEELH HINDOHSETTINGS: T HAR 1:p= 2 e
SHConics : PARABOLA FR= —LtF
EEEHQEE’},P * " Tezcosian ;JE
?lxﬁii"mgli INFO| [ auIT E5C ESC
HYFEEEULA HYFEREOLA
* __z
EH R=1_-::ﬁ % R-m
&=
- i
BRI * ReTE /
or| E:c E5C

Vectors

TI-84 calculator can do operations on lists of numbers. Though it doesn’t know about
vectors as such, you can consider a list of two or three numbers to be the components of
a vector in the plane or in space.

Addition of two vectors (downloadable software)

If two vectors are issued from the same initial point, which is the origin point (0, 0) and we
have the destination point coordinates of the each vector, we can operate with this

software.

Press PRGM and choice 5S:VECADD.
Press ENTER twice.

FramVECADOD
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Type coordinates of the destination
points for each vector. Let for the first
vector (xq,y;) X1: 5 and Y1:-3; for the
second vector (x,,y,) X2: -4 and Y2:6.
After typing the each value, hit ENTER.

When we press ENTER again, we
receive coordinates of the destination
point for the resulted vector, the length
of the resulted vector and the angle 6
between two given vectors.

When we press ENTER as prescribed at
the previous screen, we can see the graph
of the given two vectors and the resulted
vector.

Multiplication by a scalar

Use curly braces { } around the list of components. To get a left or right curly brace, press

FramYECADD

wlis

Yi: -3

men —d

yvz: el
R
-4 62

LAl

the 2ND key and then the left or right parenthesis.

Example:

Suppose vector a is [2,-3] and you want to display the vector -7a.

Enter the scalar. Press (-) and 7. Type
the multiplication sign X. Enter the
vector’s value {2, —3}. Press ENTER.

Dot product

The dot product of two vectors u and v is formed by multiplying their components and adding. In

v, T332

TrELLs Tad
L-14 213

the plane, u - v = u v, + u,v,; in 3D coordinates it’s u; v, + u,v, + usvs.

If you tell the T1-84 to multiply two lists, it multiplies the elements of the two lists to make a
third list. The sum of the elements of that third list is the dot product of the vectors.
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Example:
Ifu=1[2,3,1]andv=[4,-3, 2], findu - v.

Step 1. Invoke the summation function.
Press 2ND and LIST. Highlight
MATH and 5:sum( . Hit ENTER.

1z
e
K
EH

PFrodi
rlstdlews

Step 2. Press ENTER. Type all problem’s
data and requirement.

SUMC T2 3 134l

132 12k ~3, 200

Step 3. Press ENTER.

umi{2=3=1}*{4=f

The length of a vector

You know that the length or magnitude of vector v is found by

vl = /vf +v;

You know also that the dot product of a vector with itself is
V-V =00 + 0,0, = v+ 03

which is the square of the length of v. Therefore

vl =vv-v

With the TI-84, there’s no need to enter the vector twice to find its length. Instead, just
square the list of components — the calculator interprets this as squaring every
component. Then take the square root of the sum.

Example:
Find the length of vector a = [2,-5,-3].

Step 1. Set up the square root by press 2ZND i

and v . Involve the summation
function by the same way, as at the
previous example.

SUmMY
=PFD?ﬂ
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Step 2. Type the function’s value and
requirement, and hit ENTER.

175

el 2, -5, 3¢

el 02, -5, 33%)
6. 164414667
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Working with Trigonometric Ratios

When first learning about the Trigonometric Ratios, you will be working in Degree mode.
The calculator will default to Radian mode, so start by setting mode to Degree.

R 0 NA " 1 DO NEGER . l

CLASSIC
LN SCI ENG
789

TRIC POLAR SEQ

-1 Eng our THICK THIN DOT-THIN
MG SIMUL

o -

HORIZONTAL GRAPH-TABLE

T |- A FRACTION TYPE [¥Z] Uned
_-_-ruru:--_ L Dot ANSHERS: [} DEC FRAC-APPROX
Simul GOTO 2ND romm GRAPH: EEI] YES
: + A STATDIAGNOSTICS: OFF
"'ﬂ ﬁ 1“ PE_?’ STATWIZARDS: (] OFF
L1 oriz SETCLOCK [

Note: If the calculator is set in Radian mode and you wish to find an angle in Degrees, you can insert a
degree symbol after the number of degrees in the angle. The degree symbol is found under 2nd APPS
(Angle) #1 ©. Only that one entry will be calculated in Degrees -- all others will remain in Radian mode.

Find sin 35°

Type entry on the Home Screen. | You may be asked to round this answer to

Set Hit ENTER. a specified value.
Sint352
MODE L STISTEAEE = If not asked to round, state the full screen
¢ L value as the answer.
0
D egree. = If further calculations are needed, keep this

full screen value and continue working.

Find 2A to the nearest degree, given cos A = 3/5

To find the number of degrees in the angle, you will need to use the calculator's inverse
trigonometric functions. You will find these inverse functions (sin™', cos™, and tan™) "above" the
keys for sin, cos, and tan
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Find 2 A to the nearest degree, given cos A = 3/5

To find the number of degrees in the angle, you will need to use the calculator's inverse
trigonometric functions. You will find these inverse functions (sin™', cos™, and tan™’) "above" the
keys for sin, cos, and tan.

On the Home Screen,
hit 2nd cos to get the cos™.

Set Type 3/5. Hit ENTER.
cos 1350
MODE o3. 13818235
to
Deoree = Rounding answer to the nearest degree
g ) gives 537,

Trigonometry Formulas for the Area of Triangle
and the Area of Parallelogram

The formula for the area of a triangle
1
A =—bh
is 2
where b stands for the base and h stands for the
altitude (height) drawn to that base. C

{lettering the diagram is of no importance to the formula)

By using trigonometry in the right triangle (on the left side of the diagram), we find:

. h
sinc = —
b
Multiplying by b, gives /1 = bsin C'.

Substituting this new value of / into the area C
formula gives the trig area of triangle formula:

o SAS Formula for the area of a triangle
A =—ab=ainC where the pattern is to use "two sides and
& 7 the =sine of the included angle”.

-
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The diagonal of a parallelogram divides the parallelogram into two congruent triangles.
Consequently, the area of a parallelogram can be thought of as doubling the area of one of
the triangles formed by a diagonal. This gives the trig area formula for a parallelogram:

A =absnC

=

Example 1

Given the triangle at the right, find its area, to
the nearest hundredth.

A.& = lﬁ'g} Sill CT 87° 32
2 21 5
]' 3 "y

A =—*21+*32+*51mB7"

A =3355395237 =335.54 squnits

Be careful!!! When using your graphing calculator, be sure that you are in DEGREE
Mode, or that you are using the degree symbol if in EADIAN Mode.
TLEM sCI  ENG D2 1HIZ2ESINCET D
1f; R e B i
EFADIAN [TE13A9 9
. Mod L e, SaD. DA902EY
- INNECTE Dot
egree vode: e ENTIAL S TIR
3 d+bi.  Fe™HL
FU HORIZ 0G-T
. . [TITEM scI EnG D21 HE2HsinCETR
Radian Mode: G’ 3% :ycsra0 i
F] IGI] DEGREE
B [ FAR POL SEQ R 333033932
31 1DMS INNECTEDREUY)
HA8 EQUENTIAL sy, [1[8
FLF R 3 a+bi.  FeAL
Find degree symbol under FU HORIZ G-T
ANGLE (2nd APPS)

Example 2
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Given the parallelogram at the right, find
its area to the nearest hundredth.

Again!!! Be sure that you are in 6
DEGEEE Mode, or that vou are using the
degree symbol if in EADIAN Mode. 120°,

If this problem had asked for an EXACT
answer, do not use your calculator, as the 4 =absinC
calculator rounds the value for sin 120°. Tt =

will be necessary to use the 30°- 60°- 90° ;~1E =6°+8+=ml120°
e e e dret T T | 4. =41.56921938 = 4157 squnits
Bz ing ]l 28° 0

A =68 \/_% = 24+/3 squnits 41.56921938

4T3
Check to see that the exact g 41.56921338

answer yields the calculator
decimal answer.

Another method for finding parameters of the triangles
(downloadable software)

Attention! This program proposed the operation in degree mode only!

Press PRGM and chqice 4:TRIGME. . HED TT HED]
Press ENTER three times. 2+ BOLY0
SRuAn
EHTEIGHE
VECADOD
FramTRIGHER
TRIGONOHETFY FROGRAN
vin
E': ROHITEADIA
COFYRIGHTCC) 2011
You will receive the warning message :Ueg-kad Con.
2iFormulas
“Angles MUST be in degrees”. Press  [2* %E i gr@.g?g lue
ENTER. EEE:{i
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Choice the one of the proposed W E?gég g
combinations of sides and angles. Let =+ EEE Ahale?45
choice 1:ASA, mean angle — side — 42 SAS

5:SoA
angle and press ENTER. When you CENRITER
will finish to put all given values,
press ENTER.

ill recei AnIle=gs
Ygu .wﬂl receive (;hﬁ? ;neasu:‘ieshof the Ei 3'9: %. 23 g %Egg?g %
- ide=9,

mlssmg.angle and sides, an the area =lde=d. Sbedrzlay
of the given triangle.

All other proposed combinations of the sides and angles of the triangle works by the similar
method.

Degrees, Radians,
and Trigonometry Angle Entries

Remember: The calculator defaults to Radian measure.

Working with Degrees:

There are two ways to engage "Degrees" when working with the
calculator:

1. Setthe MODE to Degree and all further calculations will be in degrees.
2. If in Radian MODE, use the Degree Symbol (2nd APPS (Angle) and select #1 °).
The degree status will be applied to that one calculation only. All other calculations
will return to radian mode.
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Converting Degrees to Radians:

Find the radian measure of an angle whose measure i1s 500°.

Method 1: (in Radian or Degree mode)
Mode set to Radian

Convert by multiplying by . . 1SR Pl RTE B
180 2. F2eed 626
2EE?
Method 2: (in Radian mode) . B F2EE4E2E5
With the mode set to Radian, type 500°.
Notice the degree symbol.

Hit Enter.

NOTE: If in Degree mode, you can force an answer to radians by using
2nd APPS(Angle) #3 1.

In Degree mode, but ......
sin(z) sin(z")
gives the answer 0.0548036651 gives the correct answer of 0.
(WRONG!!!)

Converting Radians to Degrees:

. . AT
Find the degree measure of an angle whose measure 1s ——.

2

Method 1: (in Radian or Degree mode)
Comvert by multiolvine b 180

onvert by multiplymg by T ' Mode set to Degree

CAmA20R0 188 )

Method 2: (in Degree mode) - 27d
In Degree mode, the r symbol can be used to (320 ras
convert radians to degrees. The r is found ]
20d APPS(Angle) #3 .

With the mode set to Degree, type
QBz/2)
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Converting Degrees to Radians:

Find the radian measure of an angle whose measure 1s 500°.

Method 1: (in Radian or Degree mode)

Convert by multiplying by . :
180

Mode set to Radian

Method 2: (in Radian mode)

Notice the degree symbol.
Hit Enter.

With the mode set to Radian, type 500°.

SR g =T

3. 7 2eede2E
2B8a°

2. 7 2eedE2E

NOTE: If in Degree mode, you can force an answer to radians by using
20d APPS(Angle) #3 1.

In Degree mode,

sin{r)
gives the answer 0.0548036651
(WRONG!!!)

sin(z’ )

gives the correct answer of 0.

Converting Radians to Degrees:

: . 3x
Find the degree measure of an angle whose measure 1s ~—.

With the mode set to Degree, type
Gz /2y

2

Method 1: (in Radian or Degree mode)
Comvert by multinlvine b 180

onvert by multiplymg by T ' Mode set to Degree

CAMS2 2180

Method 2: (in Degree mode) - 27e
In Degree mode, the r symbol can be used to L2 276
convert radians to degrees. The r is found ]
2nd APPS(Angle) #3 1.
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Convert 57° 45' 17" to decimal degrees:

In either Radian or Degree Mode: Type 57° 45' 17" and hit Enter.

° 1s under Angle (above APPS) #1
' is under Angle (above APPS) #2
" use ALPHA (green) key with the quote symbol above the + sign.

Convert 57° 45' 17" to radians:

With the mode set to Radian: Type 57°45' 17" ° and hit Enter.
** Note the use of the additional degree symbol at the end. Without it, conversion would

be to decimal degrees, even though the mode is set to radians.

Convert 48.555° to degrees, minutes, seconds:

Type 48.555 »DMS Answer: 487 33' 18"
The »DMS is #4 on the Angle menu (224 APPS). This function works even if Mode is

set to Radian.

Convert 48.555° to degrees, minutes, seconds:

Type 48.555 »DMS Answer: 487 33' 18"
The »DMS is #4 on the Angle menu (22¢ APPS). This function works even if Mode is

set to Radian.

Given cos A =.0258. Find <A expressed in degree, minutes,

seconds.

With the mode set to Degree: Type cos 1(.0258). Hit Enter.
Engage P DMS  Answer: 88°31'17.777"

(Be careful here to be in the correct mode!!)

Find sin 57° 45' 17'":

Enter sin(S 7° 45" 17" O). This problem is clearly dealing with degrees. The entry

shown here works even if MODE is set to Radian. Answer: 8457717984
If MODE is set to Degree, the degree symbol at the end is not needed.
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Find cos(-250° 21'):

Enter cos (-ZSUD 21" D) when in Radian mode. Answer: -.3362735421
If MODE is set to Degree, the degree symbol at the end is not needed.

Find sec(25° 40"):

There is no key for secant. But, since secx =

.enter: 1/cos(25° 40" °) when in
CO8X

Radian mode. If MODE is set to Degree, the degree symbol at the end is not needed.
Answer: 1.109472591

£y

Find cos

Enter dir ectly: cos { Tm/9 ) when in Radian mode. Answer: -.7660444431

If in Degree mode, enter COS( (—' ! C))r )

(Sx)

Find csc

There is no key for cosecant. But, since ¢scy =

= _.enter: 1/sin(57/9 ) whenin
s x ’ )
Radian mode. Answer: 1.015426612

In Degree mode, enter 1/sin((57/9) ).

Another method of the degree — radian conversion
(downloadable software)

Press PRGM and choice 4: TRIGME.
Press ENTER three times.

#ﬂ EOIT HEW
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Choice 1:Deg-Rad Conv. and click
ENTER. For the degree-radian
conversion select 1:Deg-Rad and
press ENTER.

Let we need to convert to radians 75°
angle. Type 75 at the next screen and
hit ENTER.

For the radian-degree conversion select
2: Rad-Deg and press ENTER. Let we

5 .
need to convert P radians to degree.

Type 5/6 and hit ENTER.

186

Fr-amTRIGMER

TEIGONOHETERY FEOGRAN
vl

EY:ROHITEADIA

COFYRIGHTOC) 2011

Jilgick Solwe
4iTriangle
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Graphing Basic Trigonometric Functions

This page concentrates on graphing in Radian mode.

Graph y = sin(x)

Enter the function. Set the MODE to Radian. Choose ZOOM #7 ZTrig
Flotl Flakz Flak: T CI ENG MEMORY
H$1EEiﬁ'::“::' il ﬂﬂniEEHEEEEE?HB 2:2 o3 i
wle= 1H R T L W
wia= - AL i Zoom_ Out.
-"'\-I'I'I"I= :'|:|‘.||. $IH“L 4:2DEE-1|"'I-E].
wMe= :!i a+bL  FetBL o 2Seuare
~MWE= @MY HORIZ  G-T &i 2Standard
wWMa= ZET CLOCK [T TR BZTrig

Choosing ZOOM #7 ZTrig will set the x interval from 27 < x < 2.
set the y interval from -4 <y <4, and set the increment at %

Depending upon your desired graph, you may wish to further adjust these values under

WINDOW.

T

NOTE': 1fyou do a ZOOM #7 ZTrig while in DEGREE mode, the x interval will be set
from -352.5° to 352.5°, with the y interval from -4 to 4, and the increment set at 90°.

Graph y = tan(x)

Enter the function. Set the MODE to Radian. Choose ZOOM #7 ZTrig
Flokl Flotz Floks T sCI  EnG MEMORY
x$1a+ian-::x::- i DUDIEEHEEEEEF‘HEI 2:E o .
M= LH sL00m LR
= i e FL AR 35 Zoom Out.
iy = LANET  SIHUL 4: Z0ecimal
~Me= T a+bi  FeBi o8 25euyare
~NWE= @AY HORIZ  G-T &: 2Standard
~Ne= Ml-Trig
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18

This is a sinusoidal equation of the form y = Asin(B(x - C)) + D, where A is the amplitude, B is
the frequency, C is the horizontal shift and D is the vertical shift. The period of this graph wall

be :'/B

When graphing such equations, it may be necessary to adjust the window to "see" the graph. If
ZOOM #7 Trig is used with this graph, the screen will appear empty. The vertical shift tells
you that the graph has been "raised" by 12 units. Adjust the yMax and yMin accordingly. The
yMin has been set to 0 for this example to establish a reference point when viewing the graph.

Graph y =2sin(3(x-2)) +12

Enter the function. Set the MODE to Radian.  Adjust the ZOOM #7 ZTrig
Flakl Flake Flakz [T sCI ENG W T MO
B2 1Rt 30E—200 )y "1&z4te7B3 amin=-"6. 1532285..
+12 fll DEGREE Kmay=6. 1522856
iz =N U FAE FOL Wecl=1.5r@r 965
i = EQUERTIAL IS LT Wrmin=H
“My= 3 J+bi.  Fe™HL Ymax=15
“Me= FU HORIZ G-T Y=cl=1
M= FET CLOCH T TR Hpras=1

Graph

Adjust the WINDOW further for additional examinations of the graph.
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Asymptotes - Am | Really Seeing Them?

When graphing various trigonometric functions on the TI-84+, it may appear that
asymptotes are also being graphed. Are these really asymptotes?
(ANSWER: No. They are not asymptotes.)

Let's examine some trigonometric graphs in Radian MODE:

Graph y = tan(x)

Enter the function.

Choose ZOOM #7 ZTriio

Flokl Plokz Plokz
~Ni1Btandx
“Vz=N

Y=

wNy=

“HNe=

“NME=

“Me=

Set the MODE to Radian.

o Sci Eng
N ] 23456789

: & [edrees

ar Fol Sex

MEMORY
o

coom In
Zoom Out.
clecimal
SSHuare
Standard
ZTrig

EU‘-I'_H-&-HM

Choose ZOOM #7 ZTrig

I I HOO

Ymin= -4
Ymax=d4
Yz l=1
Jares=]

Amin= -6, 122285
AMax=6. 1922836,
Aecl=1.37A73e3..

)
(]

Graph y = csc(x)

This same problem occurs
with the graph of
¥y = csc(x)
in Radian MODE.

Enter the function.

Graph using ZOOM #7 ZTrig

Flotl Flokz Floks
~V1BlAsincRD
“We=
MW=
wMy=
wNe=
“NE=
“We=

Y

Al

If | use DEGREE MODE, I don't see these "supposed” asymptotes also.
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Let's examine these same two

tunctions in DEGREE Mode.
y = tan (x)
y =csc (x)

Still in connected mode.

y = tan(x)

190

Set the mode to Degree Window in ZOOM #7 ZTrig
Sci Eng WIKOOL
H1:23d455739 ﬁmiﬂ=£%3255
adi1 an IEW Mmax= .
- Far Fol Ses nec1=28
Dot Ymin=-4
Simul “Ymax=d4
a+b1. reTEl Ve l=1
M Horiz G-T ares=1

J )
[N ]

So, why am | not seeing "heartbeat™ lines in Degree mode?

Notice -- there are NO
"supposed”" asymptotes, or
"heartbeat" lines. in these

graphs.

The answer can be found by examining the windows created by ZTrig.

RADIAN - ZTrig

DEGREE - ZTrig

W I HOO

amin=E6. 152285..
Amaxsh. 1522856,
wecl=1.37AvIe3..
Ymin=-4

Ymax=d4

Y=o l=1

“res=]1

W T HOO
amin=-352.5
AMAX=IT2 .0
AEc =28
Ymin=-4
Ymax=d4
Y=o l=1
mres=0

Note: The Degree Mode
uses 90 as the Xscl.
The Radian Mode does not

truly use 7 as Xsel. It
)

=

expresses this value as an
approximate decimal.

The Radian Mode window does not truly use % as Xscl.
It expresses this value as an approximate decimal.

In Radian mode, the calculator is never graphing the undefined points on the graphs. The
decimal approximations for these locations are slightly "off" -- meaning that the graph is not
undefined at these "close" approximations and consequently points are plotted. When a point is
plotted, the connected mode engages and connects adjacent points.

| The Degree Mode window uses 90° as the Xscl. |

In Degree mode, the calculator attempts to graph the actual undefined points. Such an attempt
produces an "error” and nothing is plotted for those x-values. Consequently, a break in the graph
appears (a non-plotting), preventing the connected mode from connecting adjacent points,
which prevents the creation of the "heartbeat" line.
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Graphing Sinusoidal Functions

Graph y=2sin(3(x - 2)) + 12

This is a sinusoidal equation of the form y = Asin(B(x - C)) + D, where A is the amplitude, B is
the frequency, C is the horizontal shift and D is the vertical shift. The period of this graph will

2
be ==,
B

When graphing such equations, it may be necessary to adjust the window to "see" the graph. If
ZOOM #7 Trig is used with this graph, the screen will appear empty. The vertical shift tells you
that the graph has been "raised"” by 12 units. Adjust the yMax and yMin accordingly. The yMin
has been set to 0 for this example to establish a reference point when viewing the graph.

Enter the function. Set the MODE to Radian. Adjust the ZOOM #7 ZTrig
Flotl Flotz Flaots T CI  ENG WITHOOL
NMIBZ2sinC3cK=200 oy 01zx4E6E7HT wmin=-6. 152285..
+12 "*ﬂpﬁg“ﬁgf i whax=6. 1522856...
~Mz=l e o7 Aacl=1.57AF7IEI...
wh = FQUERTIAL IS Ymin=g

“My= 3 J+bi.  Fe™HL Ymax=15

wWe= FU HORIZ 1G-T Y= l=1

~MWE= ares=1

Graph

Adjust the WINDOW further for additional examinations of the graph.

Inverse Trigonometric Functions

Inverse trigonometric functions are also referred to as arcfunctions. The notation may be:
sin 1 (0.5) or arcsin(0.5)
where each is interpreted as "the angle whose sine is 0.5".


Family
Typewriter
191


192

Find sin"1(0.5) in degrees

Set the MODE to Degree.

Type on the Home Screen

-1 Eng
H123456739

=8 N g L

36

The angle whose sine 1s 0.5 15 30°. But it could also be 150°, 390°, 510°, ..
If the problem was stated as Arcsin(0.3), where the A was capitalized,
it would have been asking for the function Arcsin 1n the interval [-90°, 90°]
instead of the multi-valued relation arcsin.
When the notation is sin"1(0.5). vou will need to read the context of the problem.

Find sec’1(3/2) in degrees

Be careful when working with the inverses of the reciprocal trig functions. Their
computations may not be what you expect them to be. Observe:

Arc notation

Exponent notation

1

1
Secx = = arcsecx = arccos (—)
COS X X
1 _ 1
CSCX = —— = arcsinx = arcsin|—
Sin x X

Be careful with cotangent inverse!
If we try to use this same technique with cotangent
inverse, stating

1 1
cotx = —— = arccotx = arctan (—)
tan x x

We get a formula that does not yield all possible
results. For example, unlike the inverses of secant and
cosecant, cotangent inverse deals with angles whose
cotangent may be zero. It is preferable to state a more
universal formula that works in all cases, such as :

1
sec”lx =cos™?! (—)
X

Another complete formula for cotangent

inverse can be:

1
tan~! (—) ,
x

_ 1
cot™lx = tan‘l(;)+n, x<0

x>0

)

NIE

O R use the previous formula
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s
2

arccotx = — — arctan x

cot7lx ==—tan~

X

SOLUTION: Find sec?(3/2) in degrees.

Set the MODE to Degree.

Type on the Home Screen

Sci Eng
H1Z23456789

EEEEE?ESEq

Fl

cos 102-30
. 48, 1295851

Graph the inverse trigonometric functions

The graphing calculator is programmed to graph arcsin (x), arccos (x) and arctan (x) as functions
(thus the domains are limited to ensure that the graphs pass the vertical line test for functions).

Flotl Flotz Flokz
“iBsin1CHD
=M=

wMWa=

Wy=

wNe=

“ME=

wNe=

Flatl Flatz Flot:
~Bcos-10E
W=

M=

wy=

wHe=

~ME=

W=

fx)=sin(x)
f(x) = arcsin(x)

Domain: [-1,1]
S| EE
Range: [ = 2]

f()=cos(x)
f(x) = arccos(x)

Domain: [-1,1]
Range: [0,)’.?]
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Flatl Flokz Flots
=Y Btan s
-Nz=1

M=

=Ny=

=Ne=

“ME=

=Ne=

S () =tan"l(x)
f(x) = arctan(x)

Domain: [,

Flatl Flokz Flak:
=MiBsint1c 1 ¥
=hr=
wMz=
=N y=
wHe=
wNYE=
=Nr=

fR)=escl(x)
f(x) = arcese(x)

Domain: (-0, -1].J[1,)

T T
Range: |- = — =0
[ 221,

Flatl Flokz Flats
=M1 Bcos- 1015
=Hz=N
“Wz=
=Hy=
=Ne=
=NE=
=Nr=

f@)=secl(x)
f(x) = arcsec(x)

Domain: (-co, -1]./[1,)
Range: [0,x], ;E
[0.2],y %2

Flotl Flotz Flots
~MiBns2—-tan 10E
~Nz=
~Nz=
=Ny=
~Ne=
~NE=
M=

) =cot1(x)
[f(x) = arccot(x)

Domain: |-, @)
Range: [O,ﬂ')
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Composition

with Inverse Trigonometric Functions

The graphs of the compositions of a trigonometric function with its inverse can
yield some interesting results. It is understood that a function and its inverse, when
composed, return the original starting value -- they UNDO one another. So, why
does this "appear" to NOT be true when working with trigonometric functions on

the graphing calculator?

Let's do some investigating:

M scI  ENG

)] 0i1zz4cE7AN

N DEGREE

FAR FOL SEQ
onnECTE D T
EQUERTIAL RN
=!i a+bi.  retBi

FU HORIZ G-T

ZET cLOCH TR

The calculator is set to Radian
mode.

sintsin1C.532

sindsin (1,500

ERR:DOMAIN
Byt
: Goto

The composition of a value within the
limited domain of the sine inverse
function, [-1,1], returns the starting
value, just as expected. If we,
however, choose a value outside the
domain of the sine inverse function,
an error message is returned.

Floti Flotz Flots
SWiBsintsin 1R )

The graph of the composition returns the
identity line, v = x, for the domain of the
sine inverse function from -1 to 1. Cur
expected result of returning the starting
value holds true as long as we remain
within the domain of the sine inverse
function.

Conclusion 1: The calculator is seeing "sine inverse" to be ONLY the principal sine inverse
function, and as such limits its domain to [-1,1]. All other domain values are seen as producing
an error. Consequently, sin(sin~*(x)), which starts with sin"(x), is limited to accepting only
values within the domain of the "function” sin"}(x), which is [-1,1]. We see only these x-values
being plotted which creates only a "segment" of the expected identity line y = x.
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Let's REVERSE the order of the composition and see what happens:

[T =5CI ENG
1f; nlzx4yEar7HE8
§illl DEGREE

FAk FOL =EQ
ECTE ooT

QUERTI ALY (1IN
d+bi  FeTEL
HORIZ G-T
SETCLOCKDES T T ) Hed

= e
=

i lisinc. S22 -
siplisintl. S5y
: :

sinlsintma )

sin W sinC2m-322

The calculator is set to Radian
mode.

1.847137551
25
2. 894395182

Mo error message this time, but the
“starting value” is not always being
returned.

The sin(x) function is now the starting
function in the composition. It has a
domain of all Real values and always
returns a result between -1 and 1
inclusive, which happens to be within
the domain of the sine inverse function.
The sine inverse function will always
return a value, but that value will be

Gl T
thin it fl-—=.=—|
wi |n|srangen[ g 2]

i

Flokl Flatz Flots
iBsinlCsintaa

Why are we seeing so much more?
Since sin(x) is producing values in the
range [-1,1]. the sine inverse of these

values can always yield a result and we
see points plotted across the entire

graph.

But this is not the expected v = x
graph. The range of sine inverse is

A .
[—53] and it returns values only

within this range.

Conclusion 2: When the "starting” function in the composition is sine (sin~* sin(x))), all
numerical evaluations of the composition are possible, but the results will be restricted to the

range of the inverse function.

When sin(x) produces positive values, the inverse function maps those values to (0, 21] in the
first quadrant (or on the y-axis). When sin(x) produces negative values, the inverse function

maps those values to [—g ) O) in the fourth quadrant (or on the y-axis)

When sin(x) = 0, sin}(x) = 0.

Consequently, the graph takes on the appearance of straight
line segments alternating between positive and negative

slopes, due to the restricted range of sine inverse to [— g E]

ik

L
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Unit Circle Investigation

Listed below are two investigations that will allow you to investigate the workings of the unit
circle and the relationship between the unit circle and the trigonometric graphs.

Animated display of the relationship between the unit circle and the
creation of the trigonometric curves

¢ Set the MODE to Radian, Parametric
(Par), and Simultaneous (Simul).

e Set the WINDOW to:

Tmin =10 Hir=cost)  Vir=siniT)
Tmax =2x ra
o
Tstep=0.1 7
Xmin = —2 il e
Xmax =74 Her=T| NZr=siniT)
1= £
Asel== A
. T=14
Ymin=-3.1 H=1i.1. Y= B91Z07 36
Use the up and down arrows to
Ymax =3.1 move between the unit circle and

Ysacl=1 the trig curve.
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» Enter the equations: * Press GRAPH. The Unit Circle and
;{11‘" =cosT the Trigonometric graph will be
: drawn simultaneously. Trace between
IT T sint the unit circle and the trig curve to see
X, =T the relationships between the graphs.
Y, =sinT

» A further exploration can be demonstrated by changing I>7=cos T and again

tracing between the graphs.

Investigate the Unit Circle more closely:

e Set the IMDD]E.'. to Degree, Parametric Tl EE%BE‘
(Par):.Sequentlal and clear the -
equations. ;

Simul
¢ Set the WINDOW to:

Tmin =0
Tmax = 360
Tstep=10
Xmin = —3 Rir=costT)  Pir=sincTy
Xmax =3 ol e
Xscl=0.5 St
Y1imin = -2 Rt ¥=0
Ymax =2
Yscl=0.5
Note: The Tstep controls the increment
of angle rotation.

fons: Flotl Flotz Flets

» Enter the equations: R E-:.-E-5(Tg
X . =cosT VirBsin(T2

1T xﬁa-r =

. ir=

Y, =sinT 4TS
AT =
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¢ Press TRACE and arrow to the right. Hir=costTy  fr=sindT)
The spider will work its way around the deh\‘t
unit circle examining the angles as it

progresses. ]"‘\-\__/j

H==-E ¥=.HeE0ZEY

Working
with Reciprocal Trigonometry Functions

There are no specific keys or menu items on the graphing calculator for the secant, cosecant and
cotangent functions. Consequently, you will have to use your knowledge of these functions
when working with them on the graphing calculator.

1 1 1 CcoS X
CSCX = — secx = cotx = or cotx =—
sinx cos x tan x sin x

Find the numerical value of sec 58° 25'

1

First, ber that: sec58°25' = ———
1IIst, remembper a SsecC cos 58025,

With the calculator set to Degree mode, enter the expression. Remember that the symbols for
degrees and minutes are found under 2nd APPS (ANGLE).

l<cos(25°22"
1.9893351161
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Graph sec(x)
Enter the function. Set the MODE to Radian. Choose ZOOM #7 ZTrig
Flokl Flakz Flokz BTRuEM Sci Endg MEMORY
1Bl cosORd NV ] 25450678 ol =uk
~Ne= ==y [edres 2i200m In
wha= Al Har Fol Sesy St Zoom Ot
~hy= Coniec e cigulag: 4:Z0ecimal
~He= SEEINETRREN Simul A (Nl
= e s ] IEE T L B 25t andard
~Ne= Il Horiz G-T Ml-Trig

Solving Trigonometric Equations

Remember: The calculator defaults to Radian measure.

T it Find all values of x for which

COSx = % on the interval 0 < x < 2.

Since this problem states the interval in terms of radians, the answer will also need to be
expressed in radians.

Let's look at two possible solution methods. The first method will work ONLY with
Radians. The second method will work with Degrees and then convert back to Radians for the
final answer. Pick the method with which you feel most comfortable.
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Method Using Only Radian:

You are going to graph each side of the equation and look for all of the points of intersection

within the given interval.

Set Y1 = left side of equation.

Start by hitting ZOOM #7 ZTrig.
Adjust WINDOW for Xmin = 0

Set the MODE to Radian Set Y2 = nght side of equation. and Xmax = 27
Sci Endg Flotl Flokz Flot: [
5623456?89 HE1ETD§ﬂH? .
ediras Y &
- ar Pol Sea| [=Nz= — . i
ConireC e cgulal why= —
SCEINETAREN Simul wHe=
at+bl reel whE=
Horiz G-T W=
To express this answer in terms of 77,
go to Home Screen and hit x ENTER. Now, find the
Use the INTERSECT option. Divide by ;v . Convert to fraction. second point of
'nd TRACE (CALC) #5 intersect MATH #1 »Frac. ENTER. intersection!
i Answer:
. 1.847137251 lﬁ o F
NS~ 1 T BN
e —— 3333333333 3 3
e An=*Frac
[ 1.3
Inkgrseckion L
n=l.0471878 Y=k
To express this answer in terms of 1.
Use the INTEESECT option  go to Home Screen and hit x ENTEE.
again. Divide by . Convert to fraction.
2nd TRACE (CALC) #5 intersect MATH #1 »Frac. ENTER.
i Answer:
q me 230987700 5}?I m15ﬁ
=T 7 Ta
e —— 1. 6EEEEEEET| 3 3
. st
Inkerseckian .
n=5.c3E087E Y=E&

Method Using Degree and Converting Back to
Radian:
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Again, you are going to graph each side of the equation and look for all of the points of
intersection within the given interval. For this method, you must be aware that the interval in
degrees is 0 < x < 360.

Start by hitting ZOOM £7 ZTrig.
Set Y1 = left side of equation. Adjust WINDOW for Xmin=10

Set the MODE to Degree Set Y2 = night side of equation. and Xmax = 360
Sc1 Eng Flotl Flokz Flobs
H1l253456789 x$1ETD§iH}
72 -
ol Sesl |=Yi= — ——
Dot Wy = e
Simul whe=
atb. reTEl “WE=
Horiz G-T S
To convert to radians (1n terms of 7 ),
go to Home Screen and hit /180 Now, find the
Use the INTERSECT option. ENTER. Convert to fraction. second pomt of
2nd TRACE (CALC) #5 mtersect MATH #1 W Frac. ENTER. intersection!
[ =TT Answer:
i A F.3333333333 zor
nsrFrac a "
— = 1.3 3 3
'\-\.\_\_\_\_\_'_'_'_'_,.H'

Inkerseckion
n=hl Y=E

To convert to radians (in terms of 77 ),

Use the INTERSECT option go to Home Screen and hat x /180

again. ENTEE. Convert to fraction.
2nd TRACE (CALC) #5 mtersect MATH #1 »Frac. ENTER.
i o120 Answer:
q F1 - BEELEEGEET 5;: or 5
RS kFFrac a Ta
e e———" R 1
"-.\_\_\_\_\_'_'_'_'_,.-"
Intersection
== =
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Verifying Trigonometric Identities

If you need to determine if an equation is a trigonometric identity, you can use your graphing
calculator. A "formal proof" of a trigonometric identity is done algebraically. The graphing
calculator, however, can be used to "check" your work.

Determine if cos?

x=1-sin

2

x 1s a trig identity:

Enter the left side in Y1.
Enter the right side in Y2.

Set the bubble animation for the

second graph.

If the bubble runs over the same

graph as the first plotting, the

Choose ZOOM #7 ZTRig equation 1s a trig identity.
Flotl Flatz Flokz '
Y1ECCosCKaae : .:.EEMDHLIJ [
EQEEEI—':EIH':H:':'E 2:7oom IR
=N ZiZoom Out. R e e Ko W sl W
wy= d4: 70ecimal
~Me= o 2SHuare
B 62 25Standard
~ = @-Trig
2nd GRAPH (TABLE)

The TABLE can also be used to check to see if the results are
the same from both graphs. Arrow up and down to see if the
values listed under columns Y1 and Y2 remain the same.
Adjust your table through 2nd WINDOW (TBLSET) to see
more varied values.

Y1 Yz
A4A:E | .A4BZE

meaminr
e

Fies
om
-
.
n

i
om
-
.
n

>
]

1

2 2

Answer: Yes, cos“x=1-sin“x is a trig identity.

Trigonometry Formulas

(downloadable software)

By using this software, you can operate by these formulas during the Mathematics Tests and
Exams. Now you do not need to memorize it but you must know HOW and WHERE use these
formulas.

This software starts by pressing to PRGM key and continue by operating with the ENTER key
all time you need to change the screen picture.
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Fram TR I GHREN

TRIGONOMETRY FROGRAN
wi.n

EY:ROHITERDIA

COFYRIGHTCC =0d]

E:Eeg—!ag Conw.

Formulas
Euick Soluwe
d:Triandle

CinLEICsciRi=]
SRl CiRI=]
Eanielcakini=]1
CoSLRIEanial=sina)
CinLEICab(BI=Casia)
CinlBIZ+CosRlzs]
FanLRIZ+]SogciRlz

costA-E)=costAICcosiE)

_ +SINCAISINEE)

SintA+E)=sin(A)Cos0ED

_ +CosLAISINLE

SintA-E)=sintA)Co50ED
~CostAISinLED
kancAI+kance

TCostRAI+LTsinlAl

i Exit CokiBz+lzonciniz EancA+EI=; "
oSt R+EISCOsCAICostE] 1=tantAltantEd
SninCRISInEED

_bancAI-taniED B 2 pppSRiBIeL, INCRIZCosiBN0-R)
HAnCA=EIS, Ak an B+ et iser oS{AI=Z5in(A00-4)
CoSLZRISCOsLANE-SinlE1E B A= casia) AREEISCOb(TNe -Gl

=FcosiRIz-1 snnizil-ﬂ'liz 1 SCLei=seciI0o-a)
. i, | [
FintzAI=E N e lel PRI T el it -81= "5in0a)
banizei= . — _nintel _i-cosial 5L HI=Cos0a0

1-tanial ank ~A1= “kapiad

okl m8i= "okl

Sl mEI=Egcin)

(et N el f
cscial=1/sinla)
Seclai=] Casial
Cokiai=1 tanial
EanCEI=sinay A Cosiad
CoklRI=Cos Rl intal
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7. Statistics and Probabilities
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Basic Commands

Consider the data set: {15, 22, 32, 31, 52, 41, 11}

Entering Data:
Data 1s stored in Lists on the calculator. Locate and press the L1 Lz L= 1
STAT button on the calculator. Choose EDIT. The calculator ]
will display the first three of six lists (columns) for entering data.
Simply type your data and press ENTER. Use your arrow keys to
move between lists.

L=

Data can also be entered from the home screen using set notation --

{15, 22, 32, 31, 52, 41, 11} — L1 (where — is the STO key)

Data can be entered in a second list based upon the information in a previous list. In the example below, we
will double all of our data values in I.1 and store them in L2. If you arrow up ONTO L2, you can enter a
formula for generating 1.2. The formula will appear at the bottom of the screen. Press ENTER and the
new list is created.

L1 L& L= c L1 H L= c L1 Lz L= c
ic | (SRR e ddad] it ic =0 |
L s L 4y
L e L B4
=1 1 =1 B
£z e £z 104
4i 41 4i Bz
i1 i1 i1 o

Leiti= Lz =2+l 4 Lzix=3H

Clearing Data:

To clear all data from a list: Press STAT. From the EDIT ‘15 L_z _____ L_3 _____ 1
menu, move the cursor up ONTO the name of the list (L1). Press %%
CLEAR. Move the cursor down. NOTE: The list entries will il
not disappear until the cursor is moved down. (Aveid pressing H
DEL as it will delete the entire column. If this happens, you can 1 =15, 27, 37,31

reinstate the column by pressing STAT #5 SetUpEditor.)

You may also clear a list by choosing option #4 under the EDIT menu, ClrList. ClrList will appear on
the home screen waiting for you to enter which list to clear. Enter the name of a list by pressing the 2nd
button and the yellow L1 (above the 1).

To clear an individual entry: Select the value and press DEL.

Sorting Data: (helpful when finding the mode) | CALC TESTS
Locate and press the STAT button. Choose option #2, SortA(. 0 SI:II‘]:“%ﬁ':

Specify the list you wish to sort by pressing the 2nd button and the SortDd

vellow L1 list name. Press ENTER and the list will be put in %: Eé{hé%h itor
ascending order (lowest to highest). SortD) will put the list in

descending order.
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One Variable Statistical Calculations:

Press the STAT button. Choose CALC at the top. Select 1-Var
Stats. Notice that you are now on the home screen. Specify the
list you wish to use by choosing the 2nd button and the list name:

1-Yar Stats Ly

Press ENTER and view the calculations. Use the down arrow to
view all of the information.

= mean
ZX = the sum of the data

> X *= the sum of the squares of the data

S¢= the sample standard deviation

o= the population standard deviation

1= the sample size (¥ of pieces of data)

min ¥ = the smallest data entry
4= data at the first quartile
med= data at the median (second quartile)

{1 = data at the third quartile

EOIT
1-Yar
2-Var Stats

TESTS
tat=

;EuadHeg
iCubickeg
JEartFEega

Bz=41
maxE=52

Mean, Mode, Median

Given the data set:{13, 3, 10, 9, 7, 10, 12, 8,6, 3,9, 6, 11,5, 9, 13,8, 7, 7}.

Find the mean, median and mode.

Enter the data into a list.
(See Basic Commands for entering data.)

.
—
=t
—
L=
—

LS

=

[ gl —4

L

bl ] R LT - [T Y

=1£13:3:18.,9.,7..
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Find the Mean and Median:

Method 1: (fast and easy)
Press 2nd MODE (QUIT) to return to the home screen.

Press 2nd STAT (LIST). Arrow to the right to MATH.

Choose option #3: mean( if you want the mean.
Choose option #4: median( if you want the median.

Your choice will appear on the home screen waiting for you to tell
it which list to use.

Remember the List names appear on the face of the calculator
above the number keys 1-6.

Find the Mean and Median:

Method 2: (a it more sophisticated)
Press STAT. Arrow to the right to CALC. Now choose option
#1: 1-Var Stats.

When 1-Var Stats appears on the home screen, tell the calculator
the name of the list you are using (such as: 1-Var Stats L.1)
Press ENTER.

Arrow up and down the screen to see the statistical information
about the data.

Find the Mode: (While there is no specific calculator

function to find the mode, the calculator is helpful in ordering the
data so that you can find the mode easily.)

Sort the data into ascending or descending order to help find the

mode.

STAT, #2 SortA(, and specify L1, or the list you are using.

Look at the list (STAT, #1 EDIT).
Examine the data to see which value(s) appear(s) most often.

The mode for this data set is 7 and 9. Each of these values appears
3 times in the data set.

HAMES OFS (RN
limineg
2imaxe
Meam |
imediant
SEzume
B Frod
FlatdDewr

mearnitlLy 2
2. 218526316

1-Yar Stats
& =8, 210526316

Zx=136

mean ) Fui=14365

%EEH_EHLE TESTS
tEdit.

SortH ¢ Qr

: Su:-r*tD'iQ\
4:ClrList
S:SetUrEdL t.or

SortACLy 2
Oone

Lz L=

inn:ln:l-u-u'u -

Litizy =9

Also see the example on finding mean, median and mode with grouped data.
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Histograms

Given the data set: {13, 3, 10, 9, 7, 10, 12, 8,6, 3,9, 6, 11, 5,9, 10 13, 8, 7, 7}.
Create a histogram representing this data.

1. CLEAR out the graphs under y = (or turn them off).

2. Enter the data into the calculator lists. Choose STAT, #1 EDIT

and type in entries. (See Basic Commands for entering data.)

3. To plot a histogram:

Press 2nd STATPLOT and choose #1 PLOT 1. You should ﬁﬂnﬂﬁﬁ Flat2 o’
see the screen at the right. Be sure the plot is ON, the gEel e L=
histogram icon is highlighted, and that the list you will be using wlist ?{1 st
1s indicated next to List. Freq: 1 means that each piece of Frex:i
data will be counted one time.

4. Controlling the graphical display of a histogram: FiiLd

To see the histogram, press ZOOM and #9 ZoomStat.

(ZoomStat automatically sets the window to an appropriate size )

to view all of the data.) Press the TRACE key to see on-screen |—“—

data about the histogram. The spider will jump from bar to bar

showing the range of values contained within each bar and the min=% ez

number of entries from the list (n) that fall within that range.

» Under your WINDOW button, the Xscl value controls the width of each bar beginning with
Xmin. Choosing ZoomStat will automatically adjust Xmin, Xmax, Ymin, Ymazx, and Xscl.
(If you wish to see EACH piece of data as a separate interval, set the Xscl to 1.)
» Integer values for Xscl will be the easiest to read.
If you wish to adjust your own viewing window, remember that (Xmax-Xmin)/Xsel must be less than
or equal to 47 for the histogram to be seen in the viewing window.
A value that occurs on the edge of a bar is counted in the bar to the right.

Frequency Tables

From a Frequency Table:

X|ol| 1|23 |4 |5 |6 | 7| 8| 9|10
f|l 3| 4| 7|4 |10]09

LFY)
B

prepare a histogram representing this data.
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L1 H Lz Z
0 CE [
1. Enter the data values in L1. Enter their frequencies in L2, being % ;
careful that each data value and its frequency are entered on the same EI ;0
horizontal line. (See Basic Commands for entering data.) E g
Lz =L3d.7V-d4: 18, ..

2. Activate the histogram. Press 2nd STATPLOT and choose Tokz  Flobx
#1 PLOT 1. You will see the screen at the right. Be sure the plot is L L= |_|f
ON., the histogram icon is highlighted, and that the list you will be using is Hhe HIH |
indicated next to Xlist. When using a Frequency Table set Freq: L2 so IE

that the number of times the data values appear will be determined by the k\
numbers appearing in L2. i

n E
o
=

T
T L
i -
Ln
LL N
[ ==
E—-

Fil:L1is.LZ
3. To see the histogram, press ZOOM and #9 ZoomStat. Press the

TRACE key to see on-screen data about the histogram. The screen to the

right shows the histogram developed directly from the ZoomStat choice
of increments. Not s0 nice increments!

Min=i
max<1l.4z8571Y n=7

Fil:Lis.LZ
4. Adjusting the Xscl value to 1 (under WINDOW), gives a better
representation of the data in this example. Much nicer increments!
rin=i
Pl n=z

Cumulative Frequency Histogram

From a Frequency Table:

(=]
[=)

-
=]
D
—
=

X 0 1 2 3 : ]
f 3 4 7 4 10 9 7 3 6 2 4

prepare a cumulative frequency histogram representing this data.

1. Enter the data values in L1. Enter their frequencies in L2, being careful that each data value and its
frequency are entered on the same horizontal line. (See Basic Commands for entering data.)

2. Have the calculator prepare a cumulative sum of the values in L2 and place the answers in L3. Move
your cursor to L3 and arrow up onto L3. Now, go to LIST (2nd STAT), arrow to the right to OPS and
choose #6 cumSum(. Indicate that L2 is the list that will create the cumulative sum. Press ENTER.
The cumulative sum now appears in L3,
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HAMES [al? MATH L1 Lz L2 | | Lz Lz 3
1:5ort i R 0 3 =
25 SortDf 1 4 1 g 7
Tidime g : Z i 1
i e .
SIS B 7 B 7 by
alistc Lz =cumSurmiLz 2l L3ih=3
Li L H K
Hint: If you enter cumSum(L3) in quotes, the sum will automatically ! e
update wherever L changes. e 3
Y in
L g
The quotes are found by pressing ALPHA and then the + key. & 7
L ="cumSumclz 2"l

3. Activate the histogram. Press 2nd STATPLOT and choose

#1 PLOT 1. You will see the screen at the right. Be sure the plot is
ON, the histogram icon is highlighted, and that the list you will be using
is indicated next to Xlist. When preparing a Cumulative Frequency
Histogram set Freq: L3 so that the cumulative sum values for the data
values will be determined by the numbers from L.3.

4. To see the histogram, press ZOOM and #9 ZoomStat. Press the
TRACE key to see on-screen data about the histogram.

i IR [
Alistily
(L H Iﬂ
Fi:LisLZ
min=0n
maxsl n==

Mean, Mode, Median with Grouped Data

Find the mean, median and mode for this grouped data of test scores.

Scores | Frequency
65 2

70 3

75 2

80 5

85 8

7

5

3

90
95
100

This problem could be solved by entering ALL 35 scores into one
list, with the score 65 appearing twice, 70 appearing 3 times, and
so on. But if we deal with the data as we deal with a frequency
histogram, we can accomplish our task more quickly.
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Enter the scores into L.; and the

frequencies into L.
(See Basic Commands for entering data.)

Find the Mean and Median:

Method 1: (fast and easy)
Press 2nd MODE (QUIT) to return to the home screen.

Press 2nd STAT (LIST). Arrow to the right to MATH.

Choose option #3: mean( if you want the mean.
Choose option #4: median( if you want the median.

Your choice will appear on the home screen waiting for
you to tell it which list to use. This time we will tell the
calculator the list containing the scores AND the list
containing the frequencies. Notice the comma separating
the lists.

Remember the List names appear on the face of the
calculator above the number keys 1-6.

Find the Mean and Median:

Method 2: {a bit more sophisticated)
Press STAT. Arrow to the right to CALC. Now choose
option #1: 1-Var Stats.

When 1-Var Stats appears on the home screen, tell the
calculator the name of the list containing the scores AND
the name of the list containing the frequency

(such as: 1-Var Stats L1, L.2)

Press ENTER.

Arrow up and down the screen to see the statistical
information about the data.

Find the Mode: The mode can be quickly determined by examining the chart to see which

score occurred most often. No calculator work needed.

The mode 1s 85.

Lz Lz

lw.ﬂ'un:ll.nru

HAMES OFS [EERNE
liming
2Eimany,
Mean L
imediand
S suUmy
B Frod
FlstdDew

meanitLi.Lz2
mediantlia.Lz?
[ |

1-Yar~ Stats Li.L
zl

1ougr eats

}:::

T )
frzitrnns
Simo. E25134721
Femh. ABEET G0

ki

9
1

Bi—yar Stats
Th=33
Mmins=63
L4 =20
Med=2
(l==98 MEDIAN
Maxs=
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Mean Absolute Deviation

The Mean Absolute Deviation (MAD) of a set of data
is the average distance between each data value and the mean

The steps to find the MAD include:
1. find the mean (average)

2. find the difference between each data value and the mean

3. take the absolute value of each difference
4. find the mean (average) of these differences

While we could work through each of these steps on the calculator's home screen, let's, instead,
try to utilize the calculator's features to minimize our work. We will look at two different

approaches to find the population MAD.

Population MAD = lz %, — X|

o=

Data Set: {92, 83, 88, 94, 91, 85, 89, 90}.
Find the Mean Absolute Deviation.

Method 1: {doing aone step at a time with the lists = easy)
Enter the data:
Step 1: Enter the data into a list (1)

(See Basic Commands for entering data.)
L1 Lz Lz 1

Lithh =92

Calculate the differences:

Step 2: Tell L2 to calculate the values from L1 minus the
mean of L1.

Arrow up onto L2.

Enter L1 - mean(L1) (you can find "mean" in the Catalog)
[mean( is also found in 2nd LIST, MATH, #3 mean( ]
Hit ENTER.

Notice that if you add the sum of the positive differences and the
negative differences, you will get zero.

L1 L3 Ly Ls

92 - 2 (S [ ——
83 -]

88 -1

9y g

91 2

85 4

89 [}

90 1

Lz=L1-mean(lL1)
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Take the absolute value of the differences:

Step 3:

Arrow up onto L3.

Enter abs(L1) (vou can find "abs" in the Catalog)
Hit ENTER.

{This step could have been combined with Step 2.)

Find the mean (average) of the absolute values:
Step 3:

Go to the HOME screen. (2nd QUIT)
Enter mean(L3).

Hit ENTER.

This value is the Mean Absolute Deviation (MAD).

1

Li Lz Ly Ls 3
92 3 I [
832 6 6
88 1 1
9y 5 5
91 2 2
85 [l Y
89 0 [
9% 1 1
Le=ILz21
MORMAL FLOAT AUTO REAL RADIAN HP n
mean(Lz)

2.792

Since the MAD is small, it implies that the mean of 89 is indicative of the other values within the

data set.

Method 2: (doing most work in one statement - harder to
remember the locations of the functions)

Enter the data:

Step 1: Enter the data into a list (1)

(See Basic Commands for entering data.)

Have the calculator compute the mean and the count of
entries.

Step 2: Hit STAT — CALC

Choose #1 1-Var Stats

On the home screen: #1 1-Var Stats L1

Hit ENTER.

The calculator now has stored the value for the mean, ¥,
and it has the count of the number of entries in the list, n.

Compute the answer using one formula entry:
Step 3:

* Go to the HOME screen.

¢ left parenthesis

* 2nd LIST — MATH #5 sum(

» from Catalog, abs(

NORHMAL FLOAT AUTO REAL RADIAN HF

0

Lz L3 Ly Ls i

92 | cmm-—— mmmmme | m—————] ———

L11={92,83,88,94,91.85,89.,90

HORMAL FLOAT AUTO REAL RADIAN MF n

1-Var Stats
x=89

Ix=712

Ix2=63460

Sx=3.625307869

ox=3.,391164992

n=8

minxX=83
+Q1=86.5
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NORMAL FLOAT AUTO REAL RADIAN MP
NAMES OPS [EERIE
1imin(
2imax(
3:mean(

* Enter L1 (2nd and the key for "1") 4:median(

* Subtraction symbol 5““";(

Ll L :Pro

. VARS, #35 Statistics, #2 ¥ 7: =t dDev(

» Division symbol 8:variance(

* VARS, #5 Statistics, #1 n

Hit ENTER. 2nd LIST — MATH #5 sum(
NORHAL FLOAT AUTO REAL RADIAM MP n
k41 = EQ TEST PTS sum{IL1—%1)n
Lin L e 2,73,
2
3:5x%x
; gx The formula on an older
&: Sy version of the TI-84 .
7:ioY |sum(abs(L1uE) >-fr'||
S:minX
dmaxX
VARS, #5 Statistics, #2 ¥ Hit ENTER

NOTE: When adding the entries in a list, be sure to use the sum( function which appears under

LIST - MATH. Do not use the sigma notation Y. from ALPHA-WINDOW, as it does not
understand how to access numbers from a list.

Box and Whisker Plots

Given the data set:{85, 100, 97, 84, 73, 89, 73, 65, 50, 83, 79, 92, 78, 10}.
Create a box and whisker plot to represent this data.

1. CLEAR outthe graphs under v = (or turn them off).

=] I_| | |—1
2 . Enter the data into the calculator lists.

Choose STAT, #1 EDIT and tvpe in entries.
(See Basic Commands for entering data.)
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3. Two icons for Box-and-Whisker Plots:

Choose the second icom for beginning level work.

Press 2nd STATPLOT and choose #1 PLOT 1. You should see
the screen at the right. Be sure the plot 15 ON, the second
box-and-whisker icon 1s highlighted, and that the list yvou will be
using is indicated next to Xlist. Freq: 1 means that each

piece of data will be counted one time.

What about that other icon?

The first box-and-whisker icon is the modified box plot dealing with
outliers. This modified version will not plot points that are 1. 3*IQR.
beyond the quartiles. These points, called outliers, are plotted as
individual points beyond the whisker in an attempt to give a more
accurate picture of the dispersion of the data. Notice the two plots
displayed at the top of this page representing the same set of data.
NOTE: IQR. stands for the Interquartile Range whach 1s Q3 — Q1.

4. Seeing the graph:
To see the box-and-whisker plot, press ZOOM and
#9 ZoomStat. Press the TRACE key to see on-screen data
about the box-and-whisker plot. The whiskers extend from the
minimum data point in the set to the first quartile, and from the
third quartile to the maximum point. The box itself 1s defined
by Q1. the median and Q3. The spider will jump from the
minimum value to Q1 to median, to Q3 and to the maximum
value.

5. Placement of the graph:

Flakz Flotz
,EUF f
upel k- =t dn

L T sl
wlistil
[Fre«:l :

Used in more advanced
statistics.

|
\

1:L1 m

Hed=A1

The calculator ignores y-values when plotting box and whiskers. You can plotup to 3
box-and-whisker plots on one screen display. The first will be at the top of the screen,

the second in the middle and the third at the bottom.

Five Numbers Summary

The "five numbers summary", or five statistical summaries", consists of
(1) the minimum, (2) the maximum, (3) the median, (4) the first quartile

and (5) the third quartile.

Find the "five numbers summary" for the data set:
{85, 100, 97, 84, 73, 89, 73, 65, 50, 83, 79, 92, 78, 10}.
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Method 1. A box and whisker plot will clearly show a five

number summary. See box-and-whiskers for information on

creating these graphs.

Pressing the TRACE key will display the values. The whiskers
extend from the minimum data point in the set to

the first quartile, and from the third quartile to the maximum point.

j’nu E':I

Hed=B1

The box itself 1s defined

by Q1, the median and Q3. The spider will jump from the minimum value to Q1, to median,

to Q3 and to the maximum value.

Method 2. A complete five number summary is displayed on the lower portion of
the 1-Var Stats screen.

L1 Lz Lz

1

LAC4ED

EOIT

1-Yar Stats
2=-Var Stats
Med-Med
Linkegsax+ha
Luadkeg
CubicReg
JRyartReg

&
|
=
=Y
r

TESTS

1-Yar Stat=s L1

Enter the data in a list.

Sx=22. 9BE16555
Tx=22. 86712169
+n=14

1- Uar Stats

maxH 184

Go to STAT - CALC and
choose 1-Var Stats

Hit ENTER.

On the HOME screen, when
1-Var Stats appears, type the
list containing the data.

When the 1-Var Stats information appears, notice that there is an
arrow pointing downward at the bottom of the screen. Arrow

down.

The five number summary is the listed as the last 5 items on this

sScreen.

Additional Tidbits of Information

- Tt Ll L L
Naming a List: | WL mT
You may create vour own names for lists. i H
Highlight 1. Choose INS (2nd DEL). Enter the | & £
name up to 3 letters. Press ENTER. L1 will not H“={ ------
be lost, a new list will be created. To transfer the Hame=DAvS

data from L1 to the new list, highlight DAYS_ enter

L1. press ENTER.

oavs=L10

pavsi =21

To delete this new list — highlight DAYS and press DEL. This will remove the column listing but
not the list from memory. To delete the list from memory, choose 2nd MEM, #2 Mem Mgmt/Del,
#4 List, arrow down to DAYS, and press DEL.
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If 1.1 - 1.6 disappear from your listings: @Hiﬁ"': TESTS
If any of your lists, L1 through L6, should disappear from vour columns, 3%3&35
choose STAT, #5 SetUpEditor. This will restore all lists L1 through Lé. gEéEh;EEI fairs

It will not remove data in residence. 5 |

To Automatically Fill a List:

{(when the entries are the result of the evaluation of an expression)

Highlight I.1. Choose LIST (2nd STAT) Choose OPS from the top.
Choose #5 seql . Tvpe (x, x, 0, 10, 1) to automatically generate numbers
from 0 to 10. The parameters are (expression, variable, begin, end,
increment).

srd
45
Siseyl
=t

7

dalist

Other Valuable Options from the OPS menu:

#4 Fill( - replaces each value in a list with a constant value - Fill (8,1.3) will fill L3 with 8s. If L3 1s
empty vou will need to dimension the list first so that the calculator knows how many constants to
create.

5—dim(L3) tells the calculator that L3 will contain 5 values.

#6 cumSum( - returns cumulative sums of the elements in the list, starting with the first element - If

L1 contains {1,2,3.4,5}. then cumSum(L1) will return {1,3,6,10,15}

To Add the Entire List:

From the home screen, choose LIST (2nd STAT). Choose MATH at the top. Option #3, sum(, will
add all of the elements in the List.
sum(L1) will add all of the elements 1n L1.

To Create a Dynamic List: (alist in L2, based upon L1, that will change
automatically when L1 is updated.)

Create L1 to contain the prices {12.95, 34 50, 50, 1575, 67, 24 95}

Create L2 to contain the 8% sales tax on each of these prices.

L1 Lz L= i L1 H L= c L1 Lz L= z
ARt e e sl IS [ i |ronduh o iz.ec |FOETM| .
4k 4.5 4.k i
En Ci Eq y
1.7k 1E.7E iE.FE 1.:h
B a7 a7 EZB
ii ii c4.0k c4.0c5 1.99a

L1i7i= Lz =", G5+ 1 "-_ Lzit=1, H36

Using the quotes (ALPHA +) when entering the formula for L2 will create a dynamic situation
where L2 will automatically update when L1 changes. Notice the marker placed at the top of L2
designating that this list is dynamically created.

L1 Lz L= 1| Now, £ 12.95 1n L1 is changed to 19.95, the sales tax in L2 1s
L T E automatically updated.
4.k c.rh
£ y
1575 128
T o]
£4.8E 1.885
Lt =19, 95
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Scatter Plots

A scatter plot is a graph used to determine whether there is a relationship between paired data.

In many real-life situations, scatter plots follow patterns that are
approximately linear. If y tends to increase as x increases, then the &
paired data are said to be a positive correlation. If y tends to =
decrease as x increases, the paired data are said to be a negative .
correlation. If the points show no linear pattern, the paired data are g °

said to have relatively no correlation.

To set up a scatter plot:
Clear (or deactivate) any entries in "Y="" before you begin.

1. Enter the X data values in L1 Enter the Y data values ““ IL:M L 1

in L2 being careful that each X data value and its matching %E g%g

Y data value are entered on the same horizontal line. 2 20 E figtz Plets

i i : E5

(See Basic Commands for entering data ) L = 5 &

L1tz = wlistili
YlistiLz
) Mark: B +

2. Activate the scatter plot. Press 2nd STATPLOT and MEMORY

choose #1 PLOT 1. You will see the screen at the right. Be %ecinal

sure the plot 15 ON, the scatter plot icon 1s highlighted, and E: Egzgﬁﬁgp o

that the list of the X data values are next to Xlist, and the list ?E ZTrig

of the Y data values are next to Ylist. Choose any of the 2i ZInt.eger

three marks Zoomstat.

) tZoomFit

3. To see the scatter plot, press ZOOM and #9 ZoomStat. Hitting TRACE and right arrow will move
along the data points.

4. To turn the scatter plot off, when vou are finished with this problem:

Methad 1@ Go to the Y= sereen. Arrow up onto the PLOT highlighted at the top of the screen.
Press ENTER to turn 1t off.

Method 2: Go to STAT PLOT (above Y=). Choose vour PLOT location. Arrow to OFF.
Prezs ENTER to turn it off.

Follow-up:

* At this point, the graph mav be observed for the existence of a positive, negative or no correlation between
the data.

* A line of best fit can be calculated “manually™.
1. Select two points that you feel would give a line that fits the data.
2. Using vour knowledge of equations of lines and slope, write the equation of vour line.
3. Enter this equation into Y1 and graph
4. How well does the line “fit” the data?
_ Use your line to make predictions.

Lh

Or a line of best fit can be calculated "using the calculator”.
See Line of Best Fit.
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Line of the Best Fit

A line of best fit (or "trend" line) is a straight line
that best represents the data on a scatter plot.
This line may pass through some of the points,
none of the points, or all of the points.

You can examine lines of best fit with:

1. paper and pencil only.

2. a combination of graphing calculator and
paper and peneil,

. or solely with the graphing calculator.

5}

Example: Is there a relationship between the fat grams and the total calories in fast food?

Sandwich T'“é'glf“ o
Hamburger 9 260
Cheeseburger 13 320
Quarter Pounder 21 420
Quarter Pounder with Cheese 30 530
Big Mac 31 560
Arch Sandwich Special 31 550
Arch Special with Bacon 34 590
Crispy Chicken 25 500
Fish Fillet 28 560
Grilled Chicken 20 440
Grilled Chicken Light 5 300

Paper and Pencil Solution:

Can we predict the number of total calories based upon the total fat grams?

1. Prepare a scatter plot of the data on graph paper.
2. Using a strand of spaghetti, position the spaghetti so that the plotted points are as close to

the strand as possible.

3. Find two points that you think will be on the "best-fit" line.
4. We are choosing the points (9, 260) and (30, 530). You may choose different points
5. Calculate the slope of the line through your two points (rounded to three decimal places).

530-260 270

30-9

21

12.857
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6. Write the equation of the line.

y=y =mx—x)
y—260=12.857(x-9)
y=12857(x-9)+ 260

7. This equation can now be used to predict information
that was not plotted in the scatter plot.

Question: Predict the total calories based upon 22 grams
of fat.

¥ =12.857(22-9)+260
y=12.857(13) + 260
y=427.141

ANS: 427.141 calories

In step 4 above, we chose two points to form our line-of-

Predicting:

- If you are looking for values that fall
within the plotted values, you are
interpolating.

- If you are looking for values that fall
outside the plotted values, you are
extrapolating. Be careful when
extrapolating. The further away from
the plotted values you go, the less
reliable is your prediction.

best-fit. It is possible, however, that

someone else will choose a different set of points, and their equation will be slightly different.

Your answer will be considered CORRECT, as long as your calculations are correct for the two
points that you chose. So, if each answer may be slightly different, which answer is the REAL

"line-of-best-fit?

So who has the REAL "line-of-best-fit"?

To answer this question, we need the assistance of a graphing calculator. We saw that different

people may choose different points and arrive at slightly different equations for their lines of best

fit. All of them are "correct"”, but which one is actually the "best"? Simply stated, the graphing
calculator has the capability of determining which line will "actually” represent the REAL line-

of-best-fit.

Graphing Calculator Solution:

fat grams?

Can we predict the number of total calories based upon the total

1. Enter the data in the calculator lists. Place
the data in Ly and L».

STAT, #1Edit, type values into the lists

L1 Le L3 3
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2. Prepare a scatter plot of the data. Set up
for the scatterplot.

20d StatPlot - choices shown at right. Flotz Floks
off
Choose ZOOM #9 ZoomStat. Graph shown Eel = L
below. Hh- HIH [
] Alistily
2 Ylistilz
‘. : Mark: B B

3. Have the calculator determine the line of
best fit EDIT TESTS

est L. 1:1-Var Stats
STAT — CALC #4 LinReg(axtb) 2i2-War Stats

E:Med—ﬂed
Include the parameters Ly, L), Y;. B?Iﬁagﬁﬁgéa:{+b:‘
(Y] comes from VARS — YVARS, #Function, Y1) E:CubickEeg
4 Huart.Fed
téTﬁ?ﬁiax+b} L1 T IrEeg
g=gx+h
a2=11.7312286383
You now have the values of @ and b needed b=133.2521475
to write the equatitl_'-n of the line of best fit. Ei=9$jggggﬁ?é2
See values at the right.
v=11.73128088x + 193.8521475 i

4. Graph the line of best fit. Simply hit
GRAPH.

To get a predicted value within the window, hit
TRACE, up arrow, and type the desired value.

M=11.7=1cH0EELFOEH+10E

The screen above shows x =22.

NEEE wvwneee. . TEHEL BYOEE

Question: Predict the total
calories based upon 22 grams
of fat.

ANS: 451.940 calories

Compare this answer with the
answer we got by hand.
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Calculate Regression Models

A mathematical model is an equation that best describes
a particular set of paired data.
These mathematical models are referred to as regression models and
are used to predict one variable based upon another variable.

The linear based regression models on the graphing calculator:

* Linear (LinReg) y=ax+b

The graph of x versus y is linear.

Fits Linear by Transformations:

* Logarithmic (LnReg) | y =a + b In(x)

The graph of In(x) versus y is linear.
Calculates a and & using linear least squares
on lists of In(x) and y instead of x and y.

* Exponential (ExpReg) | y =4 (b %)

The graph of x versus In(y) is linear.
Calculates A and B using linear least squares
on lists of x and In()) instead of x and y, and
then

a=e¢*and b=¢P

* Power (PwrReg) y=a(x b )

The graph of In(x) versus In(y) 1s linear.
Calculates A and b using liner least squares
on list of Inyx) and Infyv) instead of x and y,
and then

a=et.
Other models available on the graphing calculator:
. [For three points, fits a polynomial
* Quadratic (QuadRe : -
Q @ g V= ac’ b to to the data. For more than three
points, fits a polynomial regression.
. . For four points, fits a polynomial to
* Cubic (CubicRe i - .
( g) ¥ = ax” thx' textd the data. For more than four points,
fits a polynomaial regression.
. For five points_ fits a polynomial to
* Quartic (QuartRe ) - :
Q (Q g) ¥ = axt +hx’ +ox* +dxte  fthe data. For more than five points,
fits a polynomaial regression.
» Logistic (Logistic) _ c Fits equation to data using iterative
(1+ gg'e”‘) least-squares fit.
. . : Fits sine wave to data using
« Sinusoidal (SinRe . N
( g) y =asin(bx + ) +d iterative least-squares fit.
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Rules for Developing a Model

Since mathematical models (regression models) are often used to predict the relationship
between paired data elements, it is important to understand how to choose a model that will be a
"good fit" for the particular data set.

There are several things to keep in mind when attempting to develop a model that will be
a "good fit™:

Linear based regression models:
(Other representations of these shapes may also exist due to the different natures of the data )

1. Visually compare the graph of the data to the graph
of the model. (Look for a pattern from the graph.)

Prepare a scatter plot and examine the graph. Look to see which regression
model appears to best represent the scatter plot graph. Know the general shapes
of the regression models. When trying to select a model, choose only those
models that appear to fit the observed points reasonably well Extend the
WINDOW to see how the regression equation behaves at higher x-values.

resemble a straight line?

+ The slope may be either
positive or negative.

+ Linear associations are
the most popular because
they are easy to read and
interpret.

NOTE:

See LinReg({ax+b)
versus LinReg{a+bx) for
an explanation of the

ascend rapidly at the lefi
but level off toward the
right?

Remember the shape of
the natural logarithmic
function crossing the
x-axis at one and domain
x=0.

y=Inx

appear to grow (or
decline) by percentage
mcreases (decreases)?

* Useful for values that
grow by percentage
increases.

» Often deals with
growth of populations,
bacteria, radio-active
decay, etc.

Femember the shape of

Linear ; Logarithmic Exponential Power
y=ax +
o = + h= — 5'
(ory=a+ bx) y=a+blnx y=ab* ¥ =ax
Does the plotted data Does the plotted data Does the plotted data Does the plotted data

possess characteristics
not seen in the first three
models? Not a straight

line, but a more gradual
change than exponential?

* Power functions are of
the form v = ax?.
Femember the nature of
such graphs when the
exponent is odd and

EVEN.
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"differences" between the exponential function, First quadrant:
these two choices on the crossing the y-axis at one
graphing calculator. and range y > ()
¥ = e"x
——
YFe(x)
[ .~ S

Other regressions:

Quadratic Logistic ; . Sinuszoidal
v=al+bx+c v=c/(l+ae ) STiE U yv=asm(bx+c)+d
Modified version of S-shaped Modified version | Modified version Remember the
power model. of power model. | of power model. penodic nature of
such graphs.

2. Calculate a correlation coefficient, 7 (for some models).

The correlation coefficient measures the strength and the direction of a linear relationship between two
variables. A value of | » | near one may indicate a "good fit".

3. Calculate a coefficient of determination, 7% (R?).

The coefficient of determination represents the percent of the data that 1s the closest to the line of best fit.
For example, if » = 0.922, then » 1= 0.850, which means that 85% of the total variation in v can be
explained by the linear relationship between x and y (as described by the regression equation). The other
15% of the total variation in y remains unexplamed.

Do not place too much importance on small differences between #* values, such as 72 = 0.987 and * =
0.984. Also, keep in mind that », 7% and R? values cannot be directly compared when calculating certain
regression models.

4. Examine the residuals.

Examine the scatter plot of the residuals, which depicts the measure of the signed distances between the
actual data values and the outputs predicted by the model A good linear model has residuals that are near
zero and are randomly distributed.
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5. Think about your answer.
Is your choice realistic? Don't use a model that will lead to predicted values that are totally unrealistic.

Each time you compute a new regression model, the previously computed model is lost.
If you compute a linear model and then compute an exponential model, your information
pertaining to the linear model is lost. You will need to re-compute the linear information if you
wish to investigate that model further.

Generating Random Numbers

Random numbers can be quickly and easily generated by using the graphing calculator.
Let's start our investigation by looking at generating random integers.

Generating Random Integers on the Home Screen: (good for games)

MATH MUM CPX [EEs randIntcl. 252 randIntcl. 25,30
1:rand 13 813 112
2inkr 2 e & 257
SinCr 25 e 4 242
4: ! || |
randIntc
' randdorm
rirandBing
Go to MATH — PRB From the home screen, enter the Adding a third parameter
Choose #5 randInt( smallest value needed, followed by indicates the number of
the largest value. Hitting ENTER random integers that will
will generate the random integers. appear on the screen at
(Random wvalues may repeat.) one time.
This example generates random
numbers from 1 to 25 (good for Bingo).
Generating Random Integers in Lists: (good for statistical studies)
MATH HUM CP=- [sE= randInt(d. 1, 18A2 Li H Lz &
1:rand L1 W ) s
2inPr 111811 i
3inCr 1
dq: ! 0
tandInt o 1
:randtarm 1
rirandBind Lz =r-andInt{8.1,..
Go to MATH — PRBE From the home screen, emterthe  OQR, from the list screen, arrow up
Choose #5 randInt( randInt followed by the smallest onto L2, and type

value in the desired range. the randInt(0,1,100). Hit ENTER.
largest value, and the number of  Be sure to enter the third parameter
terms needed. The results are stored g0 the calculator will know "how
(STO) into List 1. many" numbers to place in the list.
This example stores 100 random

integers from 0 to 1in L1 to
simulate the toss of a coin.
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Such lists can be used to simulate the toss of one (or more) fair coin(s).
The number of entries represents the number of tosses. An even random

number represents heads, while an odd number represents tails.

If tossing one coin, use sum command to count the number of heads,
where heads are 1, and tails are 0.
2nd STAT - MATH - #5 sum

HAMES OFS [lHME

2imaxt
Jimeand
4imediant
S LM
frrodd
TlstdDew

sumil1l

o8

Using the rand command: (not integers)
The rand (MATH — PRB #1 rand) command will generate random values, not integers.

MATH HUM CP:¥ |gE=
rand
s nPr

JinCr

g1 !

SirandIntre

& randborm

FirandBintg

rand

- 27908 aed

rand+15

1. 9828085

MATH — PRB #1 rand

The rand command will create a
random number between 0 and 1.

To generate a random number

between 0 and 15, enter

rand*15.

This last entry shows how to generate a list of 10 random numbers
between (0 and 15 and store them in List 1.

Re-Seeding the Random Number Generator:

Calculators (and computers) are not capable of creating "truly random™ numbers. They create
what are called "pseudo-random™ numbers, meaning they use a formula to create the values. To
engage this formula, the calculator uses a starting value, called a "seed", and then creates the
random numbers based upon this seed. If two calculators start with the same seed value, they
will generate the same sequence of random values.

If you wish to ensure that each student in the class has a different set of random numbers, assign
a different number to each student as their seed value. You could also have the students enter
their birth date as the random seed (04021990), assuming no two students have the same birth

date.
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2*-and 2#*rand Dore
2 2 tard
| tand IV ARZ5
« FEATSEEEE2S
If vou wish, you can control the Now, start generating yvour random After running a RESET
starting "seed" value. values. (DEFAULTS) the calculator

To seed the random generator,
choose a seed value and store
it into the rand command.

If you feed two calculators the same
seed value, they will each produce
the same result when rand is entered.

will return to using its default
seed value. Engaging rand
will always produce the value
seen above. This same value
will appear on all TI-84+
calculators after a reset.

Turn on the Diagnostics Flag

The Diagnostic flag must be “on” for you to see your  and 2 values when examining a regression

equation.

Note: When your calculator is reset (or the default is set), your
Diagnostic flag will be turned off. You will need to turn your

Diagnostics back on.

To turn the Diagnostics on:

1. Press 2nd CATALOG (above the numeral zero) to
display the Catalog in alpha mode (note the A in the

upper right hand corner).

CHTALOG
DerendAs k
DerFendAut.o
det.C )
0ia9nosticOff

FOianosticOn
dimc
Diz=F

2. Press D (to fast forward to the D's) and use the down arrow ¥ to move the pointer to DiagnosticOn.

3. Press ENTER. DiagnosticOn will appear on the home screen. Press ENTER and “Done” will appear.

With the newer operating systems, you can control the Diagnostics Flag under MODE:

NORMAL FLOAT AUTO REAL RADIAN MP

GALId 300 CLASSIC
Ol SCI  ENG
NN 0123456789
G| DEGREE

Q{4 DOT-THICK THIN DOT-THIN
SEQUENTIAL Eyiyli]8

{418 a+bi re~(ei)

A'[§4 HORIZONTAL GRAPH-TABLE
FRACTION TYPE:[¥X] Uned
ANSHERS: (TR

STATWIZARDS: 1] OFF
SN[ J08/01/15 11:46AM

AL apqil;] PARAMETRIC POLAR SEQ

DEC FRAC-APPROX
GO TO2ND FORMAT GRﬁPH:Eﬂn YES
STATDIAGNOSTICS: OFF S

0
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Correlation Coefficient

How well does your regression equation truly represent your set of data?
One of the ways to determine the answer to this question is to exam
the correlation coefficient and the coefficient of determination.

[ inRked The correlation coefficient, r, and
':lf-El.'H:+|'.'l the coefficient of determination, r 2 ,
E; 1 i%%ggg%g%% will appear on the screen that shows the
2 = COFR1EZES TR regression equation information
F=. 3243653483 (be sure the Diagnostics are turned on —

N 2nd Catalog (above 0), arrow down to

DhagnosticOn, press ENTER. twice )

In addition to appearing with the regression
information, the values 7 and » 2 can be found
under VARS, #5 Statistics — EQ#7 r and #8 r 2 .

Correlation Coefficient, r :

The quantity r, called the linear correlation coefficient, measures the strength and

the direction of a linear relationship between two variables. The linear correlation
coefficient 1s sometimes referred to as the Pearson product moment correlation coefficient in
honor of 1ts developer Karl Pearson.

The mathematical formula for computing # 1s:

ny - (32 )
y 2 2 :
(Z=)E T ()2 )
where n is the number of pairs of data.

(Aren't you glad you have a graphing calculator that computes this formula?)
The value of r 15 such that -1 <» <+1. The + and — signs are used for positive
linear correlations and negative linear correlations, respectively.

Positive correlation: 1If x and y have a strong positive linear correlation, » 1s close
to +1. An r value of exactly +1 indicates a perfect positive fit. Positive values
indicate a relationship between x and y variables such that as values for x increases,

values for y also increase.
Negative correlation: 1If x and y have a strong negative linear correlation,  1s close

=

to -1. An r value of exactly -1 indicates a perfect negative fit. Negative values
indicate a relationship between x and y such that as values for x increase, values
for y decrease.
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« No correlation: If there i1s no linear correlation or a weak linear correlation, » 1s
close to 0. A value near zero means that there is a random, nonlinear relationship
between the two variables

» Note that » is a dimensionless quantity: that is, it does not depend on the units
employed.

» A perfect correlation of = 1 occurs only when the data points all lie exactly on a
straight line. If r = +1, the slope of this line 1s positive. If r = -1, the slope of this
line 1z negative.

» A correlation greater than 0.8 is generally described as strong, whereas a correlation
less than 0.5 1s generally described as weak. These values can vary based upon the
"type" of data being examined. A study utilizing scientific data may require a stronger
correlation than a study using social science data.

Coefficient of Determination, r2 or R?:

- The coefficient of determination, r 2, is useful because it gives the proportion of
the variance (fluctuation) of one variable that i1s predictable from the other variable.
It 15 a measure that allows us to determine how certain one can be in making
predictions from a certain model/graph.

+ The coefficient of determination 1s the ratio of the explained variation to the total
variation.

+ The coefficient of determination is such that 0 < r2 < 1, and denotes the strength
of the linear association between x and y.

+» The coefficient of determination represents the percent of the data that is the closest

to the line of best fit. For example, if r = 0.922, then r 2 0.850, which means that
85% of the total variation in y can be explained by the linear relationship between x
and y (as described by the regression equation). The other 15% of the total variation
in y remains unexplained.

» The coefficient of determination 1s a measure of how well the regression line
represents the data. If the regression line passes exactly through every point on the
scatter plot, it would be able to explain all of the variation. The further the line is
away from the points, the less it 1s able to explain.

Correlation Does Not Equal Causation!

You were given the data at the right comparing the weight of cars in pounds with their highway
gas mileage. You found a linear regression equation and determined that your model was a good
fit.


Family
Typewriter
230


231

So, you now state for the whole world to

hear that heavier cars get less gas mileage.
Right???

Not necessarily. Your statement may be
correct for this particular set of data, but it
may not be a universal truth.

It may also be true that the weight of the car
has nothing to do with the gas mileage.
Perhaps some other factor is affecting the
gas mileage.

Just because a correlation exists does not
guarantee that the change in one of your
variables is causing the change in the other
variable.

Consider this situation:

During the months of March and April,
the weekly weight increases of a puppy in
New York were collected. For the same
time frame, the retail price increases of
snowshoes in Alaska were collected. The
data was examined and was found to have a
very strong linear correlation.

So, this must mean that the weight
increase of a puppy in New York 1s causing
snowshoe prices in Alaska to increase. Of
course this 1s not true!

The moral of this example is: "be careful
what you infer from your statistical
analyses." Be sure your relationship makes
sense. Also keep in mind that other factors
may be involved in a cause-effect
relationship.

Car Weight in G“;;:;ii}l‘!a ge
Pounds (highway)
3489 28
3955 25
3345 27
3085 29
4915 18
4159 21
4289 20
3992 2%

Linkeg

g=ax+hb
a= -. i 549352
b=439.5782337°17
FE=.28747E 2254
=L 9322551595

Weekly Data Collection

The weight of a | The retail price of
growing puppy in snowshoes in

New York Alaska

8 pounds $32.45

g5 $32.95

9 $33.45

96 334.00

10.1 53450

10.7 535.10

11.5 535.63

Linke3g
g=3x+h

8=, 3266
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Residuals and Least Squares

Developing a Model by Observation:

A simple type of regression equation is a straight line. A scatter plot of the data is drawn, two
points are chosen that "appear” to lie on the line of best fit, the slope is determined and an
equation is written. This is known as a freehand method of curve fitting. Unfortunately,
different observers, who choose different points, may obtain different equations.

Developing a Model by Least Squares:
To avoid individual judgment in curve fitting, it is necessary to agree on a definition of a “best-
fitting line” or curve. Consider the following set of points:

Y
(xn,yn)

o]

(x1,y1)
D1 D2

1 1 ! X
x1 x2 xn

For a given value of x, say x1, there will be a difference between the value y1 and the
corresponding value as determined by the “best fitting” curve. This distance, D1, is referred to as
a residual.

A residual is the difference from the actual y-value and the value obtained by plugging the x-
value (that goes with the y-value) into the regression equation.

Using these residuals, the following definition has been developed:

Definition:

Of all curves approximating a given set of data
points, the curve having the property that
D}+D?+..+D}

15 a minimum 1is called a best-fitting curve.

A curve having this property is said to fit the data in the least-squares sense and is called a least-
squares curve.

The graphing calculator uses this least squares process to determine regression models. When
regression models are computed, residuals are automatically stored in a list called RESID.
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Note: For a perfect fit, the residuals will be all zero and ZOOM 9: ZoomStat will result in a
WINDOW RANGE error since Ymin =0 and Ymax = 0. If you still wish to see the plot, change
Ymin = -1 and Ymax = 1 and then press GRAPH.

Graphing Residuals

The graphing calculator uses a least squares regression equation to determine regression
models. When regression models are computed, residuals are automatically stored in a list called
RESID.

If you want to see the RESID list, in the column list section of the calculator, you can place the
values in L3 (for example). Go to STAT and choose EDIT. Place the cursor on the heading for
L3. Press LIST (2nd STAT) and choose #7 RESID. Press ENTER. The residual values are
now in L3 for easy viewing.

Consider this set of data (which is “almost” a perfect linear equation)

E 3] [LinReg

L1 Lz
1] =g+
P | ==1,914285714
i ; =, 133333333
£ g ri=,9891 296364
& 1z r=, 9945499668
TR
F“Iﬂ-tiDF Flats n -
gFe: B = Jh . ®
Hh- H{IH |~ -]
Mlistil 4
e Residuals

If the data had been a perfect linear equation, you would have:

L1 Lz L= :| [LinReg

1 z ] g=gx+hb

e Yy =

3 & =@

j ]

£ 10 ré=1

B iz =1
Liti= ||
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ERE: WIMDOOW RAMGE
1 =[KIFFR3

Flati F Flots Il T MO
0 S L i §M1h=é55
Jpet max=6.
S« Ly Racl=1
mlistila Ymin=-1
Y1ist:iRESID YMiaw=1
Mark: B « - Y l=1 Residuals
Ares=1

After adjusting the window, just hit GRAPH (not Zoom).

Step-by-step Instructions for Producing a Residual Plot:

1. Store your data in lists.
Enter the x-values in L1 and the y-values in L2.

NORHMAL FLOAT AUTO REAL RADIAM HP

0

L3(l)=

2. Perform a linear regression.

STAT, arrow right to CALC, choose either
4:LinReg(ax+tb) or 8:LinReg(a+bx)

NORHMAL FLOAT AUTO REAL RADIAM HP n

EDIT TESTS
1:1-Var Stats
2:2-Var Stats
J:Med-Med

EH inRea(ax+b)
5:QuadReg
&:CubicRea
7:QuartRea
8:LinRea(a+bx)
9l nReg

3. Store the regression equation in Y 1.

MORMAL FLOAT AUTO REAL RADIAM HP n

®list:ilL1
¥list:ilLz
FreglList:
Store RegEQ:Y1
Calculate

4. Go to the top of L3 and press ENTER.

The cursor 1s now flashing at the bottom of the screen
after L3 =,

TypeinL2 - Y1I(L1).

NORHAL FLOAT AUTO REAL RADIAM HP n

u=ax+b

a=1.914285714
b=.1333333333
rz=,9891296364
r=.9945499668
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5. Go to the STAT PLOT menu (2nd Y=).

Choose Plotl, hit ENTER.

Turn the Plot ON (by hitting ENTER).

Arrow down to Type: choose the first option (scatter plot).
Make XList: L1 (the x-values)

Make YList: L3 (the residuals)

HORMAL FLOAT AUTOD REAL RADIAN HP I]

[dl-k¥Y Flotz Flotd

*l)] Of F

Tupe: |BEE [~ fn Hb- HIH |~
wlist:L1

Ylist:L3a

Mark: [ + - -

Color: IENSEE

6. Go to ZOOM.
Choose ZOOM 9:ZoomStat
You should see your Residual Plot.

HORMAL FLOAT AUTOD REAL RADIAN HP I]

5. Go to the STAT PLOT menu (2nd Y=).

Choose Plotl, hit ENTER.

Turn the Plot ON (by hitting ENTER).

Arrow down to Type: choose the first option (scatter plot).
Make XList: L1 (the x-values)

Make YList: L3 (the residuals)

NORMAL FLOAT AUTO REAL RADIAM MP n

al-k¥Y Flotz Flotl

ol OFF

Tupe: B8 |~ the HE- HIH |~
®list:L1

Ylist:L3s

Mark: B + - -
Color : IV

6. Go to ZOOM.
Choose ZOOM 9:ZoomStat
You should see your Residual Plot.

NORMAL FLOAT AUTO REAL RADIAM MP n
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Linear Regression

A linear regression is also known as the "line of best fit".

L1 Lz

i

F |

L3 2 EDIT TESTS LinRegcaxthy L1, LinkRe=a
______ 1:1-\ar Stats Lzl w=axth
2iz2=-bar Stats a=-7
31 fled—fled b=-1
EﬂLmReg(a)&b) ré=]1
: GuadrReg r=-1
GiCubickeg
ThtuartRea i

Side note: Although commonly used when dealing with "sets" of data, the linear regression can also be used
to simply find the equation of the line between two points.
Example: Find the equation of the line passing through (-1, 1) and (-4,7).

Entering the information as shown in the screens below, we arrive at the equation of the line:

The equation 15 y =-2x -1

The correlation coefficient is -1 since both point are

on" the line and the line slopes negatively.

Linear Regression Model Example

Data: Is there a relationship between Math SAT

Task:

scores and the number of hours spent
studying for the test? A study was conducted
involving 20 students as they prepared for
and took the Math section of the SAT

Examination.

a) Determine a linear regression model
equationation to represent this data
b) Graph the new equation.
¢) Decide whether the new equation is
a "good fit" to represent this data.
d) Interpolate data: If a student obtained
a Math SAT score of 720, based upon
this study, how many hours did the
student most likely spend studying?
e) Interpolate data: If a student obtained
a Math SAT score of 720, based upon
this study, how many hours did the
student most likely spend studying?
f) Extrapolate data: If a student spent 100
hours studying, what would be the expected
Math SAT score? Discuss this answer.

Hours Spent | Math SAT
Studying Score
4 390
9 380
10 650
14 730
4 410
7 330
12 600
22 790
1 350
3 400
g 390
11 640
5 450
6 320
10 690
11 690
16 770
13 700
13 730
10 640

Any answers in relation to this problem are to be rounded to the nearest tenth.

If rounding is not indicated in a problem, leave the full calculator entries as answers.
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Step 1. Enter the data into the lists.
For basic entry of data, see Basic Commands.

L1 Lz L=

it P ] ke - I

80
EHO
o BED
Y4 ]
4in
£z
L)

1

L=

Step 2. Create a scatter plot of the data.

Go to STATPLOT (2nd Y=) and choose the first
plot. Turn the plot ON, set the icon to Scatter Plot
(the first one), set Xlist to L1 and Ylist to L2
(assuming that is where you stored the data), and
select a Mark of your choice.

|:|PI-F"ME Flakz
| E R Lz ] ure: B - Jh
ZiFlotZ Off HHo HIH "
L= - :
SiFlot3 OfFf Mlistile
[P T S Mark: B + W
4P lot=0f f

dl

oo BP
Ho

Step 3. Choose Linear Regression Model.

Press STAT, arrow right to CALC, and arrow
down to 4: LinReg (ax+b). Hit ENTER. When
LinReg appears on the home screen, type the
parameters L1, L2, Y1. The Y1 will put the equation

into Y= for you.
(Y} comes from VARS — YVARS, #Function, Y7)

EOIT TESTS LinFedda=+b2 L1s
1:1-Var Stats Lz-"10

21 2=Uar Stats

5 Med=Med

EHL inRed{ ax+bH2
: PuadFes

6 CubicRe3

FuartRea

The linear regression equation 1s

¥y=253x+33532
{answer to part a)

Step 4. Graph the Linear Regression Equation

from Y1.
ZOOM #9 ZoomStat to see the graph.

(answer to part b)

Step 5. Is this model a "good fit"?

The correlation coefficient, », is .9336055153
which places the correlation into the "strong"
category. (0.8 or greater is a "strong” correlation)

The coefficient of determination, » 2, is
.8716192582 which means that 87% of the total
variation in y can be explained by the relationship
between x and y. The other 13% remains
unexplained.
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Yes, it is a "good fit".

(answer to part c)

Step 6. Interpolate: (within the data set)

If a student studied for 13 hours, based upon this study,
what would be the expected Math SAT score?

From the graph screen, hit TRACE, arrow up to
obtain the linear equation at the top of the screen,
type 15, hit ENTER, and the answer will appear at
the bottom of the screen.

'|'1=25.3EEHEF‘F‘??EBEH+3EE._

|
n=it .

AT ] o -

(answer to part d -
Math SAT score of 733.1)

Step 7. Interpolate: (within the data set)

If a student obtained a Math SAT scove of 720, based
upon this study, how many hours did the student mosr likely
spend studving?

Go to TBLSET (above WINDOW) and set the
ThblStart to 13 (since 13 hours gives a score of 700).
Set the delta Tbl to a decimal setting of your choice.
Go to TABLE (above GRAPH) and arrow up or
down to find your desired score of 720, in the Y1
column.

THELE SETUF
TblStart=13
aThl=.481

Indrnt.: [gEE

Derend: (gFIR

-

o Y
1444 | 710.88
iyye | FiEi
iyyg | 71838

71054

7109

1448 | PE0AE

ye | rEol
n=14.48

(answer to part e -- approx. 14.5 hours)

LinReg(ax + b) versus LinReg(a + bx)

NORHMAL FLOAT AUTO REAL RADIAN MP n

Why are there TWO choices for linear
regression equations on the graphing

calculator?

First: There 1s no mathematical difference between the
answers produced by these two forms. There is only a
difference in the order in which the answer is written.

The two equations represent a difference in philosophy

held by different disciplines in the mathematical
community.

EDIT TESTS
iH1-Var Stats
2:2-Var Stats
3:Med—Med
4:LinReg(ax+b) ¢=m
5:QuadRes
6:CubicRe9

7 :QuartReg
8:LinReg(a+bx) ¢=m
9lLnRe9

A linear equation can be writtenasy = mx + b,y =ax +b oreven y = a + bx.
These equations can all represent the same graphs, assuming a horizontal x-axis and a vertical y-

axis.



Family
Typewriter
238


239

Algebraic Philosophy:
LinReg(ax + b)

In Algebra, the equation of a line 1s represented by y = mx
+ b, where m 1s the slope and b 1s the y-intercept.

Thus, algebraists prefer to maintain this format by using the
form LinReg(ax + b), where a is the slope and b in the p-
intercept.

The format y = mx + b 1s a common algebraic format for the
equation of a line, appearing in both high school and college
texts.

In Algebra, the standard form of a quadratic equation is y
=ax?+bx +c.

Algebraists prefer this method as it more closely follows the
standard form of a polynomial:
P(x) = awc™ + @u1x™! + ... + a1x + ao.

Statistical Philosophy:
LinReg(a + bx)

In Statistics, the preferred equation of a line is represented
by v = a + bx, where b 1s the slope and a 1s the y-intercept.
(The preferred form is actually y = by + bix.)

Thus, statisticians prefer to maintain this format by vsing the
form LinReg(a + bx), where a 1s the y-intercept and b is the
slope.

In advanced multi-variable statistics, equations "get richer”
as terms are added at the right (that 13, the powers increase
moving to the right.)

In Statistics, the standard form of a quadratic equation 1s
y=a+bx +ext

Statisticians prefer this method as it more closely follows the
general form of the regression equation:
vy = bo+ bux + bax? + __ + bax™.

Statistician will also say that they prefer this method because
the variables represent the same context mn each formula

It can be argued that there are various reasons for choosing one of these linear regression
equation forms over the other. Unfortunately, it is often seen that one form is chosen to the
"exclusion™ of the other, with statements such as "DO NOT USE (the other form)". It is more
important to understand that there are alternative ways to represent the same concepts depending
upon the context in which they are used. While one form may be "preferred”, both forms are

beneficial.

In today's interdisciplinary world, a more flexible attitude is needed. Students need to understand
that parts of linear equations are commutative (such as ax + b = b + ax) and that they need to
find the x-term to examine the slope (when the graph has a horizontal x-axis and a vertical y-
axis). Students also need to understand that using different letters for constants and coefficients
will not change the meaning of the parts of the equation (suchasy=ax+ bandy = a + bx,
where a is the slope in the first, and b is the slope in the second).

Bottom line: In high school Algebra 1, Geometry, Algebra 2, PreCalculus, Advanced Placement
Calculus, and in college Algebra courses (and other college courses), LinReg(ax+b) remains the
most widely used calculator form for the linear regression equation. In Advanced Placement
Statistics and in College Statistics courses, LinReg(a+bx) is the more widely preferred form.

If you understand "one" of these forms, you will understand the other as well.

Both work!


Family
Typewriter
239


240

Linear Regression with a Biological Data

(or the realities of working with real-life data)

Data: Is there a relationship between Math SAT Hours Spent | Math SAT
scores and the number of hours spent Studying Score
studying for the test? A study was conducted + 390
mnveolving 20 students as they prepared for 9 580
and took the Math section of the SAT 10 650
Examination. 14 730

, ) ) 4 410

Task: a) Determine a linear regression model 7 530

equationation to represent this data

b) Graph the new equation. 12 600

_ . 22 790

c) Decide whether the new equation 1s N 350
a "good fit" to represent this data. —

d) Interpolate data: If a student obtained = ﬂ:t}[}
a Math SAT score of 720, based upon 8 220
this study, how many hours did the 1} 6:}0'
student most likely spend studying? = J_'}D

e) Interpolate data: If a student obtained 6 320
a Math SAT score of 720, based upon 10 690

this study, how many hours did the 11 690
student most likely spend studying? 16 770

f) Extrapolate data: If a student spent 100 13 700
hours studying, what would be the expected 13 730
Math SAT score? Discuss this answer. 10 640

Answers in this problem are to be rounded to the nearest hundredth.

Step 1. Enter the data into the lists.

For basic entry of data, see Basic Commands. 0

—
=
-
r

Lz E;

m-~Jmmua-am
oS oL E-m
SAR MW NN
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Step 2. Create a scatter plot of the data.
Go to STATPLOT (2nd Y=) and choose the first plot.
Turn the plot ON, set the icon to Scatter Plot (the first one),
set Xlist to L1 and Ylist to L2 (assuming that 1s where you
stored the data). and select a Mark of vour choice.
Flotz Flots

off
Fe: B | dn
ME- HOH |
a Klistily

Mlistilz
Mark: B +

H]
otI.Un
L1t Lz =
2=Pll:-t2 Df‘f‘

3z EotS IIIFF
4~I-PlatsIJ~FF

Obviously, there 1s some scatter to this data. This
variability is the norm, rather than the exception,
when working with biological data sets. Real life data
seldom creates a nice straight line.

Step 3. Choose the Linear Regression Model.

Press STAT, arrow night to CALC, and arrow down to 4:
LinReg (ax+b). Hit ENTER. When LinReg appears on the
home screen, type the parameters L1, L2, ¥Y1. The Y1 will
put the equation mn to Y= for you.

(Y] comes from VARS — YVARS, #Function, Y7)

i tmﬁeﬁ(awb) [ w1 LF; T eb
2 15 1
25 2 vnsf.:Lz
52 Med Freslis
eHL 1 nReEl(axﬂ:l) Store RegEu Y
Ty Caloculate
I: b:cReg
FiinartRea

Older OS form. Newer OS form.

The linear regression equation 1s
y=341x+2285
(answer to part a)

Step 4. Graph the Linear Regression Equation
from Y1.
Z00M #9 ZoomStat to see the graph.

(answer to part b)

Step 5. Is this model a “good fit"?

The correlation coefficient, , 1s 8320424586 which just
barely places the correlation into the "strong” category. (0.8
or greater 15 a "strong" correlation)
1s 6922946529
which means that 70% of the total variation in y can be
explained by the relationship between x and y. The other
30% remains unexplained.

The coefficient of determination. » 2,

Yes, 1t 1s somewhat of a "good fit".
(answer to part c)

Step 6. Extrapolate: (beyond the data set)

If the ground temperature reachad 937 then at what
approximate rate would you expect the crickets to be
chirping?

Go to TBLSET (above WINDOW) and set the ThlStart to
20+ (since the highest temperature in the data set had 20
chirps/second). Set the delta Thl to a decimal setting of your
choice. Go to TABLE (above GRAPH) and arrow up or
down to find your desired temperature, 95°, in the Y1
column.

Step 7. Interpolate: (within the data set)

With a listening device, you discovered that on a
particular morning the crickets were chirping at a rate of 18
chirps per second. What was the approximate ground
temperature that morning?

From the graph screen, hit TRACE, arrow up to obtain the
power equation, tvpe 18, hit ENTEER. and the answer wall
appear at the botiom of the screen.
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:|'1=3.H103225555133H+EE;.E_
i a
bl k|
THELE SETUP %ii;% E::EEE '
Tblstart=28 cl.iEy | 94,991 :
Iz_\.gbli: AE1 cl.1EE | 9y.098Yy T oom
s B HeiB . . ¥=H4.Z34F9E
£1.1%8 | 95005 (answer to part e -- the ground
#=21. 137 temperature will be approx. 84.23°F)
(answer to part d -- approx. 21.16 chirps/second)

Step 8. irthe ground temperature should drop to freezing (32° F), what happens to the cricket’s
chirping?

The TABLE tells us that at 32° F there are 2.68 chirps per second. So, what does this

= Yy really mean? Are the crickets cold?
.84 E3 N [
%EE ﬂggﬁ These findings are a bit deceiving. At 32°F, the crickets are dead. The lifespan of a
&E'E- giggg cricket in a cold climate 1s very short. The crickets spend the winter as eggs laid in the
z.59 EREE soil. These eggs hatch in late spring or early summer, and tiny immature crickets called
2.7 F2.057 nymphs emerge. Nymphs develop into adults within approximately 90 days. The adults
HEZ2.68 mate and lay eggs in late summer before succumbing to old age or freezing temperatures

in the fall.

Also, remember that the further you extrapolate away from the data set,
the less reliable the information will be.

Exponential Regression Model Example

(when doing an exponential regression, the y-values must be greater than 0)

Data: The data at the right shows the cooling temperatures  [RNCHNINSIIICHEIER

of a freshly brewed cup of coffee after 1t 1s poured 0 179.5
: ; i ] 5 168.7

from the brewing pot into a serving cup. The brewing 3 158.1
pot temperature 15 approximately 180°F_ 1 1492
15 141.7

18 134.6

22 125.4

25 123.5

30 116.3

34 113.2

38 109.1

42 105.7

45 102.2

50 100.5
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Task: a) Determine an exponential regression model equation to represent this data.

b.) Graph the new equation.

¢.) Decide whether the new equation is a "good fit" to represent this data.
d.) Based upon the new equation, what was the initial temperature of the coffee?
e.) Interpolate data: When is the coffee at a temperature of 106 degrees?

f.) Extrapolate data: What is the predicted temperature of the coffee after 1 hour?

g.) In 1992, a woman sued McDonald's for serving coffee at a temperature of 180° that
caused her to be severely burned when the coffee spilled. An expert witness at the
trial testified that liquids at 180° will cause a full thickness burn to human skin in two
to seven seconds. It was stated that had the coffee been served at 155°, the liquid
would have cooled and avoided the serious burns. The woman was awarded over 2.7
million dollars. As a result of this famous case, many restaurants now serve coffee at
a temperature around 155°. How long should restaurants wait (after pouring the
coffee from the pot) before serving coffee, to ensure that the coffee is not hotter than

155°7

h.) If the temperature in the room is 76° F, what will happen to the temperature of the

coffee, after being poured from the pot, over an extended period of time?

Step 1. Enter the data into the lists.

for you.
(Y1 comes from VARS — YVARS, #Function, Y1)

Li Lz e 3
For basic entry of data, see Basic Commands. g 1792 —
B 1EH.1
11 148z
ik 1417
i 1345
e 1ZEM4
Lxiii=
Step 2. create a scatter plot of the data.
Go to STATPLOT (2nd Y=) and choose the first
plot. Turn the plot ON, set the icon to Scatter Plot
(the first one), set Xlist to L1 and Ylist to L2 a
(assuming that is where you stored the data), and LI
select a Mark of your choice. " on .
Plakz  Fluts Og % 4
Lol L e ﬁe: Edm | e
ZiFTat? OfFF e D |
L= i - mlistila
SiFlat3 Off Wlistilez
Ll Lk o Mark: B + B
P Tots0f s
Step 3. Choose Exponential Regression
Model.
Press STAT, arrow right to CALC, and arrow =
down to 0: ExpReg. Hit ENTER. When ExpReg EZ aib“}:
appears on the home screen, type the p:aranlleters_ E:lgéaggégggg
L1,L2,Y1. The Y1 will put the equation into Y= FE=.AvE1ZTFRED
= -. 92349556975
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EDIT TESTS
ATl inkea =+
o BuadReq
CubicHe=3
Huyart.Heg
LinFeala+kbx=a
LnFe=a

R crFea

ExFFed Li:Lz: Y111

I=H
7t
=
=

The exponential regression equation is
y = (1'71.462)+0.988"

(answer to part a)

Step 4. Graph the Exponential Regression

Equation from Y1.
Z0OOM #9 ZoomStat to see the graph.

(answer to part b)

Step 3. Is this model a "good fit"?

The correlation coefficient, r, is
-.9849556976 which places the correlation into the
"strong" category. (0.8 or greater is a "strong"
correlation)

The coefficient of determination, r 2, is
9701377262 which means that 97% of the total
variation in y can be explained by the relationship
between x and y.

Yes, it is a very "good fit".

(answer to part ¢)

Step 6.

Based upon the new equation, what was the initial
temperature of the coffee?

The exponential regression equation 1s
y = (171.462)-0.988"

where x stands for time. The initial temperature
would occur when the time equals zero.
Substituting zero for x gives an initial temperature
of 171.462°.

(answer to part d)

Step 7. Interpolate: (within the data)

When is the coffee at a temperature of 106
degrees?

Go to TBLSET (above WINDOW) and set
the TblStart to 42 (since 42 minutes gives
a temperature close to 106°). Set the delta
Tbl to a decimal setting of your choice.

Go to TABLE (above GRAPH) and arrow
up or down to find your desired temp of

106°, in the Y1 column.

THELE SETUF
Thl5tart=421
albl=.H1

IndFnt.:
Hiat.o

DheFend

Azk
Azk

il

LW -1
Hi.66

N

1050z
1060z
10501
105

10E.98
o L inE.87
Pl | 10586

w=dd. 58

{(answer to part e: after approx. 40.7 minutes)

Gir.Go
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Step 8. Extrapolate data: (beyond the data) Step 9. How long should the restaurants
What is the predicted temperature of the coffee after |wait (after pouring the coffee from the pot)

1 hour? before serving coffee, to ensure that the coffee
is not hotter than 15577
Change 1 hour to 60 minutes. With your Repeat procedure from Step 7:
exponential equation in Y1, go to the home screen
and type Y1(60). Press ENTER. A
B.t 1EC.07
Y CeE 2 g.EL | 1EEqE
24.35218941 .5z

[y
L
L

=

[}

1| ==
Ll |

] bl
[
w
£
]
o

#=8.54
(answer to part g: approx. 8.5 minutes)

(answer to part f: 84.4°F)

Step 10. If the temperature in the room is 76° F, what will happen to the temperature of the coffee,
after being poured from the por, over an extended period of time?

The new exponential equation shows that the coffee will reach room temperature after 68.8
minutes. The exponential graph is asymptotic to the x-axis, therefore the y-values approach
zero. This can be seen by observing successively larger values substituted into the new
exponential equation (see home screen substitutions below). Even though the graph
approaches zero asymptotically, the temperature of the coffee will stop cooling once it reaches
room temperature of 76°, and will not continue following the curve of the graph. (Also,
remember that when extrapolating data, the further away from the data set you go, the less
reliable your new data becomes.)

D '1!1-:513%4 35212941
o | Eea VeC1ZET
0By CE-A0E 41. 49724287
GH.B: | PE.8A Yi0128068 0 )
GEEY | E8HL 1.122361952E -4
N=ED, D2

Logarithmic Regression Model Example

Data: The data below show the average growth rates of 12 Weeping Higan cherry
trees planted in Washington, D.C. At the time of planting, the trees were
one year old and were all 6 feet in height.
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Task: a) Determine a logarithmic regression model
equation to represent this data.

Age of Tree Height

b) Graph the new equation. (in years) (in feet)

c) Decide whether the new equation 1s a "good 1 -

fit" to represent this data.

2
d) Interpolate: What was the average height of 3 13
the trees at one and one-half years of age? (to 4

the nearest tenth of a foot)

e) Extrapolate: What 1s the predicted average

height of the trees at 20 vears of age? Is this

prediction realistic? (round the answer to the

nearest tenth of a foot). 10 19.7

f) Based upon your observations of this data, what 11 19.8

would you predict to be the average height of a
mature Higan cherry tree, to the nearest foot?

g) If the average height of the frees 1s 10 feet, what
1s the age of the trees to the nearest tenth of a year?

-
—
o
r
LrLl
rt

Step 1. Enter the data into the lists.
For basic entry of data, see Basic Commands.

itin

ie6.E
ir.E
i8.F

={6.9.3-13%,15..

MRl ~amun o e

L

Step 2. Create a scatter plot of the data.

Go to STATPLOT (2nd Y=) and choose the
first plot. Turn the plot ON, set the icon to Scatter poo?n®
Plot (the first one), set Xlist to L1 and Ylist to L2 ol
(assuming that is where you stored the data), and g
select a Mark of your choice. o

ﬂﬁ¥l§%ﬂﬁ Flgtz  Flots o
otI. On o

K] Lz a dpel B L dh
oL Z.0fF o HIH 7
L2 e ALl <5 wlistily
tPlot3 0fF Ylistilez
Ly LE a Mark: +

o

Step 3. Choose Logarithmic Regression Model.

Press STAT, arrow right to CALC, and arrow LHEE"E'
down to 9: LnReg. Hit ENTER. When LnReg a=6.
appears on the home screen, type the parameters
L1,L2,Y1l. The Y1 will put the equation into Y=

for you.
(Y] comes from VARS — YVARS, #Function, Y1) .

The logarithmic regression equation 1s
EOTT TESTS LrRea LisLzs vt . :
ML inkeslax+b) ¥ =6.0994+(6.108)In x

FilyartRea ’ .

SilinReatathsd (answer to part a)
LFea
ExrReda
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Step 4. Graph the Exponential Regression

Equation from Y1.
ZOOM #9 ZoomStat to see the graph.

(answer to part b)

Step 5. Is this model a "good fit"?

The correlation coefficient, r, is
.9931293099 which places the correlation into the
"strong" category. (0.8 or greater is a "strong"
correlation)

The coefficient of determination, <, is
9863058261 which means that 98.6% of the total
variation in y can be explained by the relationship
between x and y.

Yes, it 1s a very "good fit".

(answer to part c)

Step 6. Interpolate: (within the data set)
What was the average height of the trees at one and
one-half vears of age? (to the nearest tenth of a foot)

The logarithmic regression equation is
¥=6.0994+(6.108)In x
where x stands for time. Substituting 1.5 for x

gives an average height of 8.57558088 feet or 8.6

feet.
(answer to part d)

Step . Extrapolate data: (beyond data set)

What is the predicted average height of the trees ar 20
vears of age? s this prediction realistic? (answer to
the nearest tenth of a foot)

The logarithmic regression equation is
¥=6.0994+(6.108)Inx

where x stands for time. Substituting 20 for x
gives an average height of 24.39693273 feet or
24.4 feet.

Extrapolations far from the stated data are
often inaccurate and unreliable. Nine years away
from the data set is a large span of time and the
reading of 24.4 feet may be "high" based upon the
observed leveling nature of the last data entries.

(answer to part &)

Step 8.

Based upon vour observations of this data, what
would yvou predict to be the average height aof a mature
Higan cherry tree, to the nearest foot?

[t can be seen from the graph that the growth rate
1s slowing down (leveling off). Such a slowing
could be interpreted that the trees are reaching
their mature height. The twenty year prediction
shows a height of 24 feet. Any answer from 20
feet to 24 feet would be an acceptable
approximation. While extrapolations far from the

Step 9. If the average height of the tree is 10 feet,
what is the age of the iree to the nearest tenth of a year?

Use your table to find the age:

*

[y,
mm
=im

=

wgwuon
[t

N Hlot

o
—
o
L

(answer to part g -- approx. 1.9 vears of age)

=]
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stated data are often inaccurate, a reading closer to

20 feet may be more accurate.
(In reality, Higan cherry trees, depending upon the specific specie,
reach a mature height anywhere from 15 to 30 feet.)

{answer to part f)

Quadratic Regression Model Example

Data: The table at the nght shows the horizontal distance Angle Distance
(in feet) traveled by a baseball hit at various angles. (degrees) (feet
The initial speed of the ball at the bat 15 constant. 10° 115.6

Task: Express answers to 3 decimal places unless told 15° 157.2
otherwise.

a) Prepare a scatter plot of the data. 20° 189.2
b) Determine a quadratic regression model equation
to represent this data and graph the new equation. ol 220.8
¢) Decide whether the new equation is a "good fit" 30° 253.8
to represent this data.
d) Extrapolate data: What distance will correspond 34° 269.2
to an angle of a 5°7 _ 40° 284 8
e) Interpolate data: What angle(s) will correspond
to a distance of 270 feet, to the nearest degree? 45° 285.0
f) The first baseman 15 positioned 100 feet from 15° 1774
home plate and the right fielder 1s positioned 180 i
feet from home plate. The batter wants to hit the 50° 269.2
ball half way between these players. What angle,
to the nearest degree, should be used to 58° 244.2
accomplish this hit? Round to 3 decimal places. 60° 2314
2) The left field fence 1s 280 feet from home plate. At
what angle_ or angles, to the nearest degree, will 64° 180.4

the ball be hit past the left field fence?

Step 1. Enter the data into the lists.

NORHAL FLOAT AUTO REAL RADIAN HP

0

Ls 2

For basic entry of data, see Basic Commands.

L2t1)=115.6
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Go to STATPLOT (2nd Y=) and choose the first
plot. Turn the plot ON, set the icon to Scatter Plot oo
(the first one), set Xlist to L1 and Ylist to L2 _ a
(assuming that is where you stored the data), and o o
select a Mark of your choice. ZoomStat.

W Flotz Flote o
otl.Un EIFF o
[N | Lz o Fei Hl Iﬁ ditn
2iPlot2. fo‘ HE-: HIH [ o
L= L1 o nlisti Ll
K F‘lotS DN‘ Y1istilz
L= L1 ° Mark: B « -
4~LP10‘L5EIFF

{(answer to part a)

Step 3. Choose the Quadratic Regression Model.

Press STAT, arrow right to CALC, and arrow down
to 5: QuadReg. Hit ENTER. When the template for s
g=ax2+bx+c

QuadReg appears on the home screen, type the a=-.1737141137

parameters L1, L2, Y1. The Y1 will put the equation b=14.52117133

mto Y= for you. (Y;comes from VARS — YVARS, #Function, c=-21.89774466

Y or from ALPHA F4) R2=,9812242874

HOEHAL FLOAT AUTO EEAL RADIAW HF n HOEHAL FLOAT AUTO REAL RADIAN HF n .
Klist:la
Ylist:Lz
FrealList:
Store Re9oEQ:Y: " T N -
Calculate The quadratic regression equation is
y=-0.173x% + 14.521x - 21.898
(answer to part b)

Step 4. Graph the Quadratic Regression Equation

from Y1.

(answer to part b)

Step 5. Is this model a "good fit"?

The coefficient of determination, R 2. is
9812242874 which means that 98% of the total
variation in v can be explained by the relationship
between x and y.

Yes, it is a very "good fit".

{answer to part c)
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Step 6. Extrapolate: (bevond the data set)

Get the answer from the graph of the regression
equation. Check the WINDOW to be sure that SA°
falls within the domain (it does).) Hit TRACE. Arrow
up so the regression equation will show at the top of
the screen. Type 5 and hit ENTER.

HORHAL FLOAT AUTD REAL RADIAH HF n

WiEm L3P INILIRAPIN 2+ 15210715,

MORHAL FLOAT AUTO REAL RADIAN MP

1

Ya=m MF3TINLA37IP 3N 2+1N.5210715.

i=sl
{answer to part d -- At 3%, the distance will be 46 365 feet)

X=5 ¥E46.365259

Step 7. Interpolate: (within the data set)
From TABLE, find the value in L2 closest to 270.

Adjust the TBLSET to narrow in on the answer.
NORHAL

FLOAT AUTO REAL RADIAN HP
PRESS + FOR &Tb1

1]

2re

269.99
269.99
269.99
269.99
269.98
269,98
269.98

x=49,954

{answer to part e - angle will be 50° or 3'—1:5;")

Step 8. The first baseman is positioned 100 feet

from home plate and the right ficlder is positioned
180 feet from home plate. The batter wants to hit the
ball half way between these players. What angle, to
the nearest degree, should be used to accomplish this
hit?

Half way between 100 feet away and 180 feet away 1s 140
feet. Find the angle within the scatter plot domain that

corresponds with 140 feet. 13 degrees (answer to part ).

NORHAL FLOAT AUTO REAL RADIAN HMP n
PRESS + FOR & Th1

Y1
139.94
139.95
139.96
139.97
139.98
139.99
146
146.01
140.02
146.03
149.0Y4

13243
13244
1:.24E
13246
1247
13.248

13.25

13.251
13,252
13.253

X=13.249

Step 9. The left field fence is 280 feet from home

plate. At what angle, or angles, will the ball be hit past
the left field fence?

Use the TABLE to find values greater than 280. Since the
graph 1s parabolic, vou are looking for two locations.
(answer to part g) anv angle between 39 and 44°.

Power Regression Model Example

Side nore: Power regressions will not allow an independent variable value of zero.
This example does not utilize an independent variable value of zero.

Data: The data below represents the length and mid-shaft diameters of the humerus bones of

African Antelopes.



Family
Typewriter
250


251

Diameter | Length
17.6 159.9
26.0 206.9
Task: Express answers to the nearest tenth. 31.9 236.8
a) Prepare a scatter plot of the data.
b) Determine a power regression model equation 38.9 269.9
to represent this data.
P . 458 | 3006
c¢) Graph the new equation.
d) Decide whether the new equation is a "good fit 51.2 323 6
to represent this data.
e) Extrapolate data: What length will correspond to 58.1 351.7
a diameter of 84 mm?
f) Interpolate data: What length will correspond to 64.7 377.6
a diameter of 47 mm?
g) What mid-shaft diameter will correspond to a length 66.7 384.1
of 305.7 mm?
80.8 437.2
829 444.7
Step 1. Enter the data into the lists. ‘l? - Lfgg - L L
For basic entry of data, see Basic Commands. 26 T I
1.8 6.8
:E8 | zgog
HEB | F00E
E1: | 3ira
Ed | 3517
L ={1V.6.26.31.
Step 2. Create a scatter plot of the data.
Go to STATPLOT (2nd Y=) and choose the first
plot. Turn the plot ON, set the icon to Scatter Plot o
(the first one), set Xlist to L1 and Ylist to L2 ,
(assuming that is where you stored the data), and o®
select a Mark of your choice. L :
e :
I D ‘:IF'E'l.aEEIB; —————————————————
2t F:]' ?}’2"'Esz 4 Wlietili Ed (answer to part a)
3:Flot3.0fF Wlistilz
L= L1 Lz B Mark: n *®
4P lots0ff
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Step 3. Choose the Power Regression Model.

Press STAT, arrow right to CALC, and arrow down
to A: PwrReg. Hit ENTER. When PwrReg appears
on the home screen, type the parameters L1, L2, V1.

The Y1 will put the equation into Y= for you. v,
comes from VARS — YVARS, #Function, Y,)

EDIT

&tCubicEeg
7 [yartReg
2:LinkRegdat+bx)

TESTS PurRed Li.Lz-Y1

Lodistic

FurkEeg

g=3*x"h
a=24.12939312
b=. 65949732
ri=, 9999925876
Fr=. 9999952535

The power regression equation 1s
y=24.1x"

(answer to part b)

Step 4. Graph the Power Regression Equation
from Y1.
ZOOM #9 ZoomStat to see the graph.

Step 5. Is this model a "good fit"?

The correlation coefficient, , is .9999937121
which indicates a very strong correlation since it is
close to 1.

The coefficient of determination, r <, is
.99999250766 which means that 99% of the total
variation in y can be explained by the relationship
between x and y.

Yes, it is a very "good fit".

(answer to part d)

Step 6. Extrapolate: (beyond the data set)

Go to TBLSET (above WINDOW) and set the
TblStart to 84. Notice how setting the increment (the
deltaTbl = 0.1) displays certain values to two decimal
places. The calculator is trying to tell you that this
value has been "rounded" to the nearest hundredth and
should not be now rounded to the nearest tenth.
Always check the "full" Y1 value, as seen at the

bottom of the screen, before rounding.
{(See an alternate method in Step 7.)

THBELE SETUP
Tbé?i”ﬁ':m'

Y1=443. 346095327
{answer to part e - the length will be 448 3 mm)

Step 7. Interpolate:
fwithin the data ser)
From the graph screen, hit TRACE, arrow up to
obtain the power equation, type 47, hit ENTER, and
the answer will appear at the bottom of the sereen.

¥1=eh.12989z1151 210650

______ YEI0EF0INE .

(answer to part f - length will be 3057 mm)
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Step 8. What mid-shaft diameter will correspond to HEHE :’:JL -
a length of 305.7 mm? E& gggg?
In reference to the equation. go to TABLE (above GRAPH) yaq TR &
and arrow down until you find a Y1 value equal to (or close z;% EEEEE
to) the desired value. The answer will appear in the X 474 30742
column. 47 mm. W=d7

Sinusoidal Regression Model Example

Data: The table below shows the highest daily temperatures (in degrees Fahrenheit) averaged
over the month for the cities of Syracuse, NY; Washington, DC; and Austin, TX

Month Jan Feb | Mar Apr May Jun Jul | Aug | Sep | Oct | Nov | Dec
1 2 3 4 5 6 7 8 9 10 11 12
Syracuse, NY 32 34 43 57 69 78 32 80 72 60 48 36
Washington, DC 43 47 56 67 75 84 28 87 80 68 58 47
Austin, TX 62 65 72 80 87 92 96 97 91 82 71 63

Be sure your calculator is in radian mode!
The calculator will give the regression equation in the form:
y = asin(bx + ¢) +d
where | a | is the amplitude, b is the frequency (where b > 0),

27" Is the period, 'l)i' is the horizontal shift (to the right if ¢ < 0 and to the left if ¢ > 0)
and d is the vertical shift (up if d > 0 and down if d < 0).

Task: Express answers to 3 decimal places
a) Determine a sinusoidal regression model equation to represent the temperatures for
each of the three cities.
b) Graph the three new equation on the same grid.
¢) Do the graphs intersect? Are these results representative of what was observed in the
data? Explain.

The direction below will show the complete process for finding the sinusoidal regression equation
for Syracuse, NY. The equations for the other cities will be done in the same manner.
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. . NORMAL FLOAT AUTD REAL RADIAN HFP
Step 1. Enter the data into the lists. n
For basic entry of data, see Basic Commands. L1 L2 L3 Lu Ls 4
. 3 43 56 72
The month numbers are in L1. y 57 67 89
Syrat:}lsv: temperatures are in I:,2. E gg ;fl’ g;
Washington temperatures are in L3. ; gg gg ;g
Austin temperatures are in L4, g 72 80 a1
16 60 68 82
11 ug £g 71
12 36 H? 63
------ I —
Lu(13)=
Step 2. Create a scatter plot of the data.
Go to STATPLOT (2nd Y=) and choose the first plot.
Turn the plot ON, set the icon to Scatter Plot (the first one), g %o
set Xlist to L1 and Ylist to L2 (assuming that is where you a o
stored the data), and select a Mark of your choice. Zoom o
#9. :
Flotz Flots o
ot.1..Un E‘ £t o
=11 Lz = yped B |~ dh o o
2:FPlotZ OfF L e MM [T o
S - Hlistil g
SiFlot3 0ff Vlistilez
=1 L2 @ Mark: B -
P lots0ff

(Syracuse, NY)

Step 3. Choose the Sinusoidal Regression Model.

Press STAT, arrow right to CALC, and arrow down to
C: SinReg. Hit ENTER. When SinReg appears on the
home screen, type the parameters 16, L1, L2, 12, Y1. The
Y1 will put the equation into Y= for you. (¥, comes from VARS
— YVARS, #Function, Y; OF. ALPHA F4)
PARAMETERS:
a€¢ SinReg(lternations, Xlist, Ylist, Period, Store)
d€¢ In a sinusoidal regression, the "iterations” 1s the maximum
number of times the SinReg command will iterate to find the
equation. Any integer froml to 16 can be used, but 16 generally
gives a more accurate result than smaller integers. Default = 3.
Higher values may take more time to compute.
a€¢ The "period” is the horizontal distance between two
maximums or two minimum points. If vou leave the period empty,
the calculator will take over.
8€¢ The "store" 1s the location where the equation will be stored.
Default1s Y1.
Notice that there is no correlation coefficient or coefficient of
determination.

FLOAT AUTO REAL RADIAN MP oy IIHORHAL FLOAT AUTO REAL RADIAN HF )
EDIT TESTS
StQuadReg Iterations: 16
6:CubicRes ¥list:La
7:QuartRes ¥list:L2
8:LinReal(at+bx) Period: 12
9:LnReg Store RegEQ:Yi1
@:ExeRes Calculate
A:PwrRea
B:lLogistic
[@1SinRea

(Syracuse, NY)

NORHAL FLOAT AUTO REAL RADIAN MFP n

g=axsin{bx+c)+d
a=25.61099622
b=.5089522548
c=-2.0684850565
d=56.87966151

The sinusoidal regression equation is

y=25611 sin(0.509x + (-2.068)) + 56.880

Be sure you notice when working with the calculator's
sinusoidal equation, that the » has NOT been factored out. It
1s not the same as the equation

y=Asmn(B(x-C))+D.
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Step 4. Graph the Power Regression Equation from Y1.

NORMAL FLOAT AUTO REAL RADIAN HMP n

N\

(Syracuse, NY)

Step 5. Get the sinusoidal equations for the other cities.

(Washington, DC)

HOEHAL FLOAT AUTD REAL RADIAN MP n

u=gaxsin(bx+cl+d
a=22.74104086
b=.4946071116
c=-1.950263177
.d=65.3889¢3?4

3=22.741 sin(0.495x + (-1.950)) + 65.389
MORHAL FLOAT AUTO REAL RADIAN HP n

VAN

(Austin, TX)

g=axsin{bx+c)+d
a=17.74172059
b=.504308156
c=-2.0110322%94
d=79.18030257

y = 17.742 sin(0.504x + (-2.011)) +79.180

NORHAL FLOAT AUTO REAL RADIAN HF n

Step 6. Graph all three cities on same grid.

NORHMAL FLOAT AUTO REAL RADIAN HP n

Do the graphs intersect? NO

Are these graphs representative of what was observed
in the data? YES

Explain. If you examine the data. you notice that the cities
are arranged such that Syracuse 1s "cold"”, Washington 1s
"warm" and Austin is "hot" for every month. There will never
be a point of intersection.
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Comparing an Exponential and a Power
Regression Models

Hours since Number of
observation | bacteria in the
began sample
. . . . .l
A rapidly growing bacteria has been discovered. 0 20
Its growth rate is shown in the chart. 1 40
2 75
3 150
4 297
5 510
) Prepare a scatter plot of the data with hours as the .
independent variable and the number of bacteria as the
dependent variable. o WG
o xﬁé%sig
g © Unihetes.z
Wmax=393.3
I b

b) Determine which regression model will best approximate your data.

We will limit our choices to linear, logarithmic, exponential, and power as possible regression models. The

scatter plot of the data clearly shows a "curve" to the data, so we will eliminate the linear model at this

time. The positioning of the plots appears to be compatible with an exponential model, or possibly a power

model since the plots might be the right hand side of a parabola. Let's examine both.

€) Write the regression equation for your model,
rounding values to three decimal places.

The exponential model is a "good fit", as it
passes through most of the plotted points and
appears to follow the increasing rate of the

data.

The power model hits only a few of the points

and does not seem to follow the degree of
increase as well as the exponential model.
(NOTE: Power regressions on the calculator
will not allow the independent variable to be
zero. For that reason, the zero time and
corresponding number of bacteria had to be
eliminated from the data set for this plot.)
Choose the exponential model. It makes sense that this model would best represent the data, since
exponential models are often used with population growth (even when the population is bacteria).

ANSWER: y =20.512(1.924)
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d) What is the correlation coefficient for this data and what does it tell you?
The correlation coefficient is » = .9994570514.

The closer this value iz to 1, the more accurate your model will be when used for predictions. This model
will be a good predictor.

Notice that both the exponential and the power regression models showed high correlation coefficients, but
examination of the graph showed that the exponential model was the better fit.

€) Using your regression equation, determine how many bacteria, to the nearest integer, will be
present in 12 hours.

Substituting 12 into the equation, we arrive at an answer of 52,724 =20 51221006417 2102
bacteria, to the nearest integer. Looking for values that fall outside the
plotted data is called exirapolating. Be careful when extrapolating. The
further away from the plotted data you go, the less reliable is your
prediction.

H=iz ¥=beres.9EE ”

f) Using your regression equation, determine how many bacteria, to the nearest integer, will be
present in 3.5 hours.

Substituting 3.5 into the equation, we arrive at an answer of 203 bacteria, to |11320.51221006417 341,02
the nearest integer. Looking for values that fall within the plotted data is
called interpolating.

=3k Yegne Brans

Measures of Dispersion

Range, Standard Deviation, Variance, Mean Absolute Deviation

Problem: For the data set {10, 12, 40, 35, 14, 24, 13, 21, 42, 30}, find the range, the standard
deviation, the variance, and the mean absolute deviation to the nearest hundredth.

A guick reminder before we begin the solution:

In statistics, the population form is used when the data being analyzed includes the entire
set of possible data.

The sample form is used when the data is a random sample taken from the entire set of
data.

Check the "Standard Deviation" and "Variance" sections below for more information on
how the calculator presents population versus sample forms.
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To find the range:

To find the range:
Enter the data, as is, into L1, You can enter the

list on the home screen and "store" to L or you
can go directly to L1 (2nd STAT, #1 Edit).

Lz Lz 1

L1ty =

Sort the list to quickly retrieve the highest and
lowest values for the range. (2nd STAT, #2
SortA). You can choose ascending or
descending.

Read the high and low values from L for
computing the range.
Range =42 - 10 =32.

SortHCL1 2

Lt =10

OR: To find the range: Do not sort. Simply

type on the home screen using the min and max
functions found under MATH — NUM #6 min
and #7 max.

MATH CP+ FEBE
abs

maxiL1}—miniL1%

Range = 32

To find standard deviation:

To find standard deviation: Sinee this question
deals with the complete set, we will be using
"population” form, not sample form.

Go to one-variable stats for "population”
standard deviation. STAT — CALC #1 1-Var
Stats

IT TESTS
1-Yar Stats
2=War Stats
Med-Med
LinReg9ax+hkhl
Luadkeg
CubickEea
uartREea

1-Yar Stats L1K

1-Var Stats
n=24.1

Ew=2d1
zxe=r1l5
Sw=12.ASAZSTE
gx=11.43137271
dn=18

= mean

;\_‘
z X =sum of the data

2
z X = sum of squares of the data

S = sample standard deviation
O X = population standard deviation
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Wb NOTE! The standard deviations found in
the CATALOG, stdDev, and also found by 2nd
LIST — MATH #7 stdDev are both Sample

standard deviations.

CATALOG B| [stdDewili?
startTmr 12.H5E3573
retdbeu]
Stor
Store50E
StorePic
StrindrEsul
bl

n = sample size (# of pieces of
data)
min X = smallest data entry
)= first quartile
med= median (second quartile)
{4 = third quartile
max X = largest data entry

Population Standard Deviation = 11.43

To find variance: The "population” variance is
the square of the population standard deviation.

The X symbol is under VARS - #5 Statistics

Y-UARS ?ﬁ zZ ER TEST PTS
W indouw.. th
2i oo, 25
JiG0E.. 385
diPicture. EHo
?Stetlstlcs... B
fTable.. [
ristring.. Tlay

ﬂﬂb NOTE! The variance found in the
CATALOG and also found by 2nd List —
MATH #8 variance are both Sample variances.

130.9

Variance

To find mean absolute deviation:

To find mean absolute deviation:
To calculate the mean absolute deviation you
will have to enter the formula.

: 1 &
Population MAD = ~>"|x — ¥
=

Wb NOTE! Be sure that you have run 1-Var

Stats (under STAT - CALC #1) first, so that the

calculator will have computed Y. Otherwise,
you will get an error from this formula.

sumtabsiL1-%322"hn

18.12
|

Mean Absolute
Deviation

X and 1 are found under VARS #5
Statistics. Sum and abs are quickly found in
CATALOG. Sum is also under 2nd LIST - MATH
#5 sum. abs is also under MATH - NUM #1abs.

OR: To find mean absolute deviation:

A longer, but workable, solution can also be
accomplished using the lists. As stated above,
run 1-Var Stats so the calculator will compute ¥
. Now, go to L, (STAT #1 EDIT) and move UP
onto Ly. Type, at the bottom of the window, the

-
-
A
=
L=
r-!

R o S R TE) e — g

z.1
ii
ni

Pod | 08 P o e e e e

1z
11
i
31
)
2]
1

=ghs{L1-%) |

Lzi=14,

L
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portion of the formula that finds the difference
between each data entry and the mean, using
absolute value to make these distances positive.
Now, find the mean, ¥, of L; by using 1-Var
Stats on L,, and read the answer of 10.12.

1-Var Stats (Lz)

1-\ar Stats
®=10.12

18,1 -h-
Ix=1m1,2
Ixe=1385,9
Sx=3.6@511671
Tx=0. 317430685

In=18a

Finding Standard Deviation ""By-Hand"

Population standard deviation = ox =

i —

Sample standard deviation = Sx = \/

i=1

Problem: For the data set {10, 12, 40, 35, 14, 24, 13, 21, 42, 30}, find the range, the standard
deviation, the variance, and the mean absolute deviation to the nearest hundredth.

1. 2, 3,

L1 Le Lz 1 L1 L: Lz £ L1 Le | ez
10 | N 10 RSP [— i) “i4.4 | 198.B1
1z 1z 1z =1z.1 | 14641
Yip Y Y iE8 b
E ZE =E 10.8 1iB.B1
14 14 iy =101 | 10z.01
2y 2y £y =1 .01
1z 1z 1z -11.1 | 12321

L =11 Lz ="L1-meanil12" Lz ="Lz&"

Enter the data in Ly. Create Lsto be the Create Ly to be the deviations
deviations, X, = T squared l:x, _ 1.)2 i
2nd LIST — MATH #3 mean Again, using the quotes (ALPHA +)
Using the quotes (ALPHA +) will | will create a dynamic situation where
create a dynamic situation where Lz | Ly will automatically update when L
will automatically update when L, changes
changes.
— 4'
{gsum(Lszdim(Lz
11.43197271
ANSWER:
population standard deviation
511,43
From the HOME screen.
Compute the sum of the squared
dewvations, divide by the number of
pieces of data (for a population form),
and take the square root.
Znd LIST — MATH #5 sum
2nd LIST — OPS &3 dim gives the
dimension (size) of the list.
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Measures of Dispersion on Grouped Data

For the data set shown in this table, find the

Problem: Data Entry | Frequency
range, the standard deviation, and the
100 g .
variance to the nearest hundredth.

150 15
200 )1 Since this question deals with the complete

- set, we will be using "population” form, not
250 14 sample form.
300 5

Solution:

Range = 300 - 100 = 200.

To find the range: No need for calculator work for the range. It is easily observed from the table.

found using 1-Var Stats.

To find standard deviation: Remember, we are
looking for "population” form which will be

Enter the "Data Entry" into L1 and the
"Frequency" into L2. Go to one-variable stats
to find "population" standard deviation.
STAT — CALC #1 1-Var Stats

Be sure to use parameters L1, L2 to indicate
both the values AND their frequencies.

EOIT
1-Lar

: Mad—Mead

LuadRea
CubicREea

3.
1
e H
[
TdRuartEeg

TESTS
t.at=s
: 2-War Stats

LinRegdax+hl

Wb NOTE! The standard deviation found in
the CATALOG, stdDev, and also found by 2nd
LIST — MATH #7 stdDev are both Sample

standard deviations.

1-Yar Stat=s L4iaL
z

1-Yar Stats
#=194. 4444444
x=12258
Zxe=2082508

= MMEan

;\_‘
z X = sum of the data

z .Tz = sum of squares of the data
1,

S1'= sample standard deviation
X = population standard deviation
1 = sample size (£ of pieces of
data)
min X = smallest data entry
(= first quartile
med = median (second quartile)
{4 = third quartile
max X = largest data entry
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CATALOG B |stdDewil12

startTor 12. 8563573 Population Standard Deviation = 56.42

kstoleud
5t

oF
StoreGhE
StorePic
StrinakEauy
subl

To find variance: The "population” variance is

the square of the population standard deviation. T E
A2183.421517
The OX symbol is under VARS - #5 Statistics
E—UHRS # I E& TEST FTS

Zizoom. 2%

385
- EiZETEEms sg
Eilele: £i2y

Wb NOTE! The variance found in the _ _
CATALOG and also found by 2nd List — Population Variance = 3183.42

MATH #8 variance are both Sample variances.

Normal Probability Distribution

Normal Curve

Standard Deviation

7T

This chart is used ONLY for
situations dealing with
increments of one-half of
one standard deviation.

19.1%19.1%

15.0% 15.0%

-3 25 -2 =15 -1 -0.5 0 0.5 1 1.5 2 25 3
Chart prepared by the NY State Education Department

A chart, such as that seen above, 1s often used when dealing with normal distribution questions. Understand
that this chart shows only percentages that correspond to subdivisions up to one-half of one standard
deviation. Percentages for other subdivisions require a statistical mathematical table or a graphing calculator.
(See example 4)
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?PI& DREAL
The Normal Probability Distribution menu for the TI-83+/84+ dnormMa 1pdf <
is found under DISTR (2nd VARS). snormalcodf(

a

DRAK
normaledf (
2:normaledf (
3: invMNorm(
4:invT(

S:tpdf(

6:tedf(
7
B
9.

to be the default values for a normal distribution on the calculator, if

3

NOTE: A mean of zero and a standard deviation of one are considered g
&

vou choose not to set these values. 7

iX2pdf(
tiicdf(

The Normal Distribution functions:

#1: normalpdf pdf = Probability Density Function

This function returns the probability of a single value of the random variable x. Use this to graph
a normal curve. Using this function returns the y-coordinates of the normal curve.

Syntax: normalpdf (x, mean, standard deviation)

#2: normalcdf cdf = Cumulative Distribution Function
This function returns the cumulative probability from zero up to some input value of the random
variable x. Technically, it returns the percentage of area under a continuous distribution curve
from negative infinity to the x. You can, however, set the lower bound.

Syntax: normalcdf (lower bound, upper bound, mean, standard deviation)

#3: invNorm(  inv = Inverse Normal Probability Distribution Function
This function returns the x-value given the probability region to the left of the x-value.
(0 < area <1 must be true.) The inverse normal probability distribution function will find the

precise value at a given percent based upon the mean and standard deviation.
Syntax: invNorm (probability, mean, standard deviation)

Example 1:

Given a normal distribution of values for which the mean is 70 and the standard deviation is 4.5. Find:
a) the probability that a value is between 65 and 80, inclusive.
b) the probability that a value is greater than or equal to 75.
c) the probability that a value is less than 62.

d) the goth percentile for this distribution.

(answers will be rounded to the nearest thousandth)

normal cdf (65,80,
rd.4,52
« 2336855925

Ia: Find the probability that a value is between 65 and 80, inclusive. (This
1s accomplished by finding the probability of the cumulative interval from 65 to 80.)

Syntax: normaledfflower bound, upper bound, mean, standard deviation) W

HORMAL FLOAT AUTO REAL RADIAH MFP n

lower:65

uepper: 80

[TH)

0:4.5

Paste

WORHAL FLOAT AUTD REAL RADIAN MP []

Answer: The probability is 85.361%.

(The "PASTE" command simply means that the values that you typed after the template prompts will be
"pasted” into the normaledf) function and will appear on the home screen, as shown.)

normalcdf(65,80,78,4.5)
e 2 8936059923,
]
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1b: Find the probability that a value is greater than or equal to 75.

(The upper boundary in this problem will be positive infinity. The largest value the PP
calculator can handle is 1 x 10%° . Type 10"99 to represent postive infinity. [or type

1 EE 99. Enter the EE by pressing 2nd, comma -- only one E will show on the
screen. ]

Answer: The probability 1s 13.326%.

Ie: Find the probability that a value is less than 62.

(The lower boundary in this problem will be negative infinity. The smallest value
the calculator can handle is -1 x 10%% . Type -10 © 99 [or type -1 EE 99. Enter the
EE by pressing 2nd, comma -- only one E will show on the screen ]

Answer: The probability is 3.772%.

1d: Find the 90 percentile for this distribution.
(Given a probability region to the left of a value (i.e., a percentile), determine the
value using invNorm.)

Answer: The x-value is 75.767.

narmaéc%?ﬁ?E:ls?
. 1332603064

HORHAL FLOAT AUTO REAL RADIAH HP

lower: 75
upper: 1099
u:70

g:4,.5

Paste

normalcdf < -1 99,
62> r@.4.35)
B377281365|,,

HORMAL FLOAT AUTO REAL RADIAN HF

lower: 1099
upper:62

u:7e

6:4.5

Paste

HORMAL FLOAT AUTO REAL RADIAN HP

n

0
normalcdf( -10*,62,70,4.5)
. 0377201305

i nvNorm|
area:.?0

u:78
r:4.5
Paste
HORMAL FLOAT

1]
invMorm(.98,7@,4.5)
e 75.T76698205

AUTD REAL RADIAH HP

Example 2:

Graph and investigate the normal distribution curve where the mean is 0 and the standard deviation is 1.

For graphing the normal distribution, choose normalpdf.

The normalpdf (normal probability density function) is found
under DISTR (2nd VARS) #1normalpdi{.
Flatl Flotz Plots
~Y1Bhnormaledf (X, | N?EEE'EE -3
'\"[Ii— HOEMAL FLOAT AUTOD REAL RADIAM HP n :H:ma}:::S
Vi #scl=1
“My= | % value:X Ymin=A
'
HORHAL AUTO REAL RADIAN HF n :“:I'E'CEE-; 10
E\Y1Bnormalrdf (X, @, 1) Adj_ust the WINDOW.
[mNYz= You will have to set your own
Go to the Y = menu. window.

The parameters will be (variable,
mean, standard deviation).

ORAW
normal Fdfe
fhormalcdfo

irnwHaorme
tredf
toodf
Hipdfy

KL
EH
wH
[=H
rlREcdf

=normalr a1

n=n ¥=.Z20E942zH .

GRAPH. Using TRACE, simply type the
desired x value and the point will be plotted.
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Investigate: What happens to the curve as the standard deviation increases?

265

Guideline is:

Amin = mean - 3 5D
Xmax = mean + 3 8D
Kscl= 5D

Y¥min =10

Ymax = 1/(2 5D)
Yscl=10

Flatl Flokz Flotz
a?i?nnrmalPdFﬁHp

x@zEﬁnrmaldeﬂHa
H.22
Nar=

wy=
“Me=

W T MO0
amin= R
AMaN=5
necl=2
Ymin=a
Vmax=.5
Y=z1=H
Hres=1

Double the standard deviation
and see what happens to
the graph.

When graphing 2 normal curves, the

window will need to be adjusted.

Xmin = mean - 3 (largest S0)
Xmax = mean + 3 (largest 3D}
#scl = largest SD

Y'min =10

Ymax = 1/(2 smallest SD)
Yscl =0

Now, the area under the curve between particular values
represents the probabilities of events occurring within that
specific range. This area can be seen using the command
ShadeNorm(.

Before attempting ShadeNorm, be sure that
Y1 = normalpdf(x, mean, standard deviation) is active and that the
appropriate window has been set as indicated in the Window
Guidelines in the previous section.

To find ShadeNorm(, go to DISTR and right arrow to DRAW.

Choose #1:ShadeNorm(.

ShadelNorm (lower bound, upperbound, mean, standard dewviation)

Notice that the calculator defaults to a mean of 0 and a standard
deviation of 1 unless changed by the user. Remember that there

1s approximately a 68% probability of a score falling within 1
standard deviation from the mean in a normally distributed set
of values. The "area" value in this graph is indicating 0.682689

or approximately 68%.

Ehadenomc -1.1;0,13

Arga=.6BZ689
Tow=-1 N

up=1

NORHAL FLOAT AUTO REAL RADIAH HP

Yaznormalrdidbly

A=d ¥=.39894228

Observe that as the standard
deviation increases, the more
spread out the graph becomes.

HORHAL FLOAT AUTOD REAL RADIAH HF

n

DISTR [oI:51H
HsShadeNorm(
2:Shade_t.(
3:Shadex2(

4 :ShadeF (

HORHAL FLOAT AUTO REAL RADIAN HP

lower: -1

upper:1

H:Q

o:l

Color: INENTEE
Draw
HORHAL FLOAT AUTD REAL RADIAM HP n

I

Area=.682689
Tow==1

Notice how this answer supports the percentage listed in the chart at the top of this page.
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Example 3: Graph and examine a situation where the mean score is 46 and the standard deviation is
8.5 for a normally distributed set of data.

Goto Y=. Adjust the window. GRAPH.

Flotl Flotz Flat: W IHOOW ¥1=normaledfii46.0.5)
~MBrarmalrdf s Amin=2Z8.5
45, 2.52 amax=rl.3

wNe= necl=8.5

M= Ymin=a

wMy= Ymax=. 3535

“Me= Y= l=H

~ME= Ares=1 M=HE .. ¥=.0yEgzhzO.

Examine: What is the probability of a value falling between the mean and the first standard deviation

to the right? Answer: approximately 34%
Notice how this percenfage supporits the information found in the chart at the tap af this page for the percentage of
information falling within one standard deviation above the mean.

HORHAL FLOAT AUTOD REAL RADIAN HFP MB
X
2 24 B ShadelNorm
. lower:46
urper:54.5
H:d6
0:8.5
Color: IEEINV=NE
Draw
Areas.ZY13ys <
T0WEHE wnmaadlUFZEY.E mnnns JEEERES

Example 4: The lifetime of a battery is normally distributed with a mean life of 40 hours and a standard
deviation of 1.2 hours. Find the probability that a randomly selected battery lasts longer than 42 hours.
36
The most accurate answer to this problem cannot be obtained by using the chart at the top of this page. One standard
deviation above the mean would be located at 41.2 hours, 2 standard deviations would be at 42 .4, and one and one-half

standard deviations would be at 41 8 standard deviations. None of these locations corresponds to the needed 42 hours.
We need more power than we have in the chart. Calculator to the rescue!!

NOW: What is the probability of a value falling to the right of 42 hours (between 42 hours and infinity)?
Answer: approximately 4.8%

HORMAL FLOAT AUTO REAL RADIAN HP

ShadeNormc42, 129 n NORHAL FLORT AUTO REAL RADIAN HP  r
9-48.1.2) M8 |HINDOW MORHAL FLOAT AUTO REAL RA
Amin=36.5
Amax=43.6
»scl=1.2 lower: 42
Ymin=0 upper:1e99
Ymax=.416 u: 40
¥Yscl=0 g:1.2
=== Xres=1 Color: [ IENVEEE
Ar&a=04779 aX=.026893934 Draw =
low=4s . up=1E88 TraceStep=.0 e T

ShadeMorm( go to DISTR and right arrow to DRAW. Choose #1:ShadeMNormi(.
ShadeNorm (lower bound, upperbound, mean, standard deviation)
ENTER. The percentage is read from the Area =.
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Changes in Statistical Information

What effect does changing the data have upon statistical information?
Let's examine a few situations with the aid of the graphing calculator

variance of the data change?

Situation 1: Ifall of the data in a set were multiplied by 8, by what factor would the

—

L1411 =

L1 LE I 1 1-\ar Stats T E
==5, 2,25
Z¥=0D0 N
EHE=305

Create a simple test situation.
Pick 5 or 10 pieces of data at
random and enter them in a list.

Calculate 1-Var Stats to obtain

the population standard deviation

Compute the variance.

L1 LE Lx z I:UiE Stats T e =g
i FE ______ Hn=

z 16 zx=d44H [

: = ExE=24648

£ o Sw=2d4. 22128233

B 4H Tx=22.937825859

7 Lh =14

Lzii=5

Multiply the data times 8.

Re-calculate the 1-Var Stats
for the new list.

Re-calculate the vanance.

Now, compare the two variances to ascertain what 1s happening when the data is multiplied by a factor of

8.
We notice that 8.25 x 64 = 528

The variance is multiplied by a factor of 64, when the data is multiplied by a factor of 8.

Situation 2: If all of the data in a set is tripled, which, if any, of the summary
statistics are also tripled?

L1 Lz Lz 2l [I-War _Stats 1-Mar Stats
1 P ______ ¥=0.5 ®=16.2
z & Tw=55 =165
: e T =305 ExE=3455
3 it Sx=35. AZ2TESAI54 Sx=9.85829321062
B 18 f“?%' areIR1323 e 1654337
— r-l= =
LEimS | W{—yar Stats Bi—ijar Shats
Create a simple test situation. t+r=18 =13
{1,2.3.4.5.6.7.8.9, 10} mins=1 mins=3
Create a second list with the data ﬁé;;a 5 ﬁé;z 16.5
tripled. B:=8 D:=24
maxn=1H Maxn=3H

Calculate 1-Var Stats on the
original data.

Calculate 1-Var Stats on the
tripled data.
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Now, compare the findings. From examining the calculations, we know that the mean_ the standard
dewviation (both sample and population), the minimum_ the first quartile, the median, the third quartile
and the maximum are also tripled.

In both of these examples, the 1- Var Stats allowed us to quickly examine the data to see what
was happening when the data was rescaled.

Creating a Sampling Distribution Simulation

Our goal is to simulate the collection of multiple samples. For this task, we are going to use the
command randBin found under MATH — PROB — #7. The parameters are

randBin(n, p, repetitions) where n is the sample size, p is the proportion, and repetitions is the
number of times you want to run the simulation.

For this example, the sample size is 40, the proportion is 0.3, and the number of simulation
repetitions is 100. From the home screen, set randBin(40, 0.3, 100) and store the results in L.
randBin(40,0.3,100) — L1

Once L.is established, we need the proportion for each L1 sample in list L2. Type L1/40—L2 on
the home screen (or from the Lists in STAT #1, move up onto L2, and type L1/40 at the bottom of
the screen, hit ENTER). You now have the Sampling Distribution of the Sample Proportions in
L2. Using L2 you can find the sampling mean and the sampling standard deviation for the sample
proportions.

HORHAL FLOAT KUTO RLAL EADIAM HP __ _ [RORHAL FLOAT SUTO KTAL EADIAM HF _
IATH NUM CMPLX FRAC randBin(40.0.3.100)+L1 3 2 N = N
1:rand n:40 (13 12 8 13 12 15 13 8 10k | I3z |77 = i
2:nPr P:0.3
3:nCr repetitions: 100
g: 1 Paste
srandInt(
6: randNorm(
FH-andBin(
8:randlntNoRer(
Lz=_1.-40
MATH — PROB — #7 1= sample size Store the results in L. Itmay take a |In L,, store the proportions of the
|p = proportion . ) few seconds for the generation of the |values in L; divided by the sample
repetitions = number of simulations |y ahyes. .
zize, 40.
needed
| | e | (|
et 2 [EoIT TESTS
e . jH1-Var Stats List:Lz =, 29925
2:2-Var Stats FreaList: Ix=29.925
2:Med-Med Calculate Ix?=9, 685625
4:LinReg(ax+b) Sx=. 0859039133
:QuadRe9 ox=. 0854733145
6:CubicRes n=100
7:QuartRes minX=.15
B:LinReg(a+bx) 4Q1=, 225
Laty=, 325 @iLnRe9 ]
The Sampling Distribution of STAT — CALC#1 Choose L. The sampling mean and standard
Sample Proportions is now in L. Do a 1-Var Staton L. deviation are shown. The mean of all
proportions is 0.29923.
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To see this Sampling Distribution from L2 as a histogram, set STAT PLOT for histogram,
ZOOM #9

ORHAL FLOAT AUTO KLAL RADIAN HP JJ[FORHAL FLOAT AUTO RCAL RADIAN HF

RLSS 4k TO SCLECT &N OFTION u

n HORHAL FLOAT AUTO ELAL RADIAN HP u

R Fot Flotd Flotiis

ngf__, Lt B e oD L : Remember, each

Khsi.'_?l.: : time you run the

Frea:1 - simulation you will

Color: IEENVENN| r“ ‘|_|—|_|_‘_ get slightly different
results.

min=15
maxt. 19375 ns?

Factorials, Permutations, Combinations

To use these probability options, access the Math key.
Arrow to the right to find the PRB (probability) menu. HHIEHEUH CF= s
On this screen you will find: .
#2 nPr permutation E;
#3 nCr combination 2:randIntc
#4 ! factorial 2 randorm
Vi randBind

Each of these functions, requires that you enter a value FIRST and then access the
function. For example:

Permutations and Combinations are handled in the same
manner:

Compute ¢P; and 5C, & nPr 3 176

2 ncr 2
Go to the HOME screen. 14
Enter your first value (for this example, 6 or 5)
Hit the MATH key, arrow to the right to PRB.
Choose #2, nPr or #3 nCr
Enter your second value (for this example. 3 or 2)
Press Enter.
Factorial: Compute 6! g
rZe

Go to the HOME screen. L
Enter your value first (for this example, 6)
Hit the MATH key, arrow to the right to PRB.
Choose #4, !
Press Enter.
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Bernoulli Trials -
Binomial Probability Distribution

The formula used with Bernoulli trials computes the binomial probability of obtaining
exactly "r" events in "n" trials:

1 = number of trials
r = number of specific events you wish to

( 1 . r . H—1 obtain

ner }) q p = probability that the event will occur

g = probability that the event will not occur
(g =1 - p. the complement of the event)

If you enter the formula directly on the home screen, be careful to use parentheses when
entering the exponent of n-r (or do the subtraction mentally and enter your calculation).

Consider a problem where

— L — & nCr 3%.573%, 5"
n==0, ;‘ d3, m:dp 50% el wioe
P = .J. where g=1- M
(s0.p ik - 9=1-2) Ar=*Frac
3716

(Remember, the function nCr is found under |
MATH — PRB #3 nCr
and requires that the first value, i, be entered
before the function is called)

The easiest way to utilize the calculator to solve this formula is to engage the binompdf function

binomial distribution probability density function,
which is:

bmompdf( flx)= [f]p’ (1-p)=" where [P:] = €

(When using this built-in function there is no need to
tvpe in the formula - YEAI!!)

Consider, again, a problem where |[binomrdfi&,.5,352

n=6,r=3,and p=50% L3125
Ak kFrac
(Remember, the function binompdf 1s found under B 316
DISTR (2nd VARS), arrow down to #0 binompdf
and the parameters are:
binompdf (number of trials, probability af
occurrence, number of specific events)



Family
Typewriter
270


271

Binomial Probability
"Exactly', ""At Most™, ""At Least"

Problem used for demonstration:

A fair coin is tossed 100 times. What is the probability that:
a. heads will appear exactly 52 times?
b. there will be at most 52 heads?
c. there will be at least 48 heads?

Dealing with "Exactly':

A fair coin is tossed 100 times. What is the probability that:
part a. heads will appear exactly 52 times?

We have seen that the formula used with Bernoull: trials (binomial probability) computes

i P F A
the probability of obtaining exactly "+" events in "n" trials: ‘
W F

., &

'pl’ 'ql’l—?

where » =number of trials, » = number of specific events you wish to obtain, p = probability that the
event will occur, and g = probability that the event will mot occur (g = 1 - p, the complement of the
event).

We have also seen that the built-in command binompdf (binomial probability density
function) can also be used to quickly determine "exactly".

(Remember, the function binompdf is found under
DISTR (2nd VARS), arrow down to #0 binompdf
and the parameters are:
binompdf (rumber of trials, probability of eccurrence, number of specific events)
binompdf (n, p, r)
Here is our answer to part a

?DdeFilﬁﬁa.Sa

bi
a2
. LB73527a184

If you want more information at a glance, this command can also be used to produce a list of the
exact probabilities
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Prepare two lists. In Lo, prepare the "exact" probabilities using
In L place the numbers from 0 to 100 for binompdf, using only the number of trials and the
easy reference. The built-in sequence probability of occurrence.
command will quickly fill L1 from 0 to - 'FEIEFM
100. Qi Fodf
binomedf
SEI R0, 108, 1) [z 5 s Binomcdf ]
leadsen [ B:roissonpdfy
2 Ciroissoncdf
S R Ol eometrdf
The format for seq: expression, variable, _
starting value, ending valus, increment. binomepdtc188, .32

Lz
17 . 888509052 -3...

(This is one method of filling a list.)

The lists now contain, for 100 trials, the number of specific events (heads) in L1 and the
exact probability of occurrence in Ly. Notice that our answer for exactly 52 heads

remains the same.

L1 Lz L= 1] (L1 Lz L= i
PO BE->1 | _____ i NP3E3
i HBE -z1 yg OFEDE
: | T
y E-Z4 I-Eih NPIES
E BE =23 3 NEEED
B BE-z2 A NEFDE
LIt =@ LBz =572

Dealing with "At Most":

A fair coin 1s tossed 100 times. What is the probability that:
part b. there will be at most 52 heads?

The formula needed for answering part b 1s :

52 UU\
P(x <52)= T\

1'—\‘/

' _\}I'(.F)IDD—I
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There 1s a built-in command binomedf (binomial cumulative density function) that can be
used to quickly determine "at most". Because this is a "cumulative" function, it will find
the sum of all of the probabilities up to, and including, the given value of 52.

(The function binomcdf is found under

DISTR (2nd VARS), arrow down to #A binomedf

and the parameters are:

binomcdf (number of trials, probability of occurrence, number of specific events)

binomedf (x, p, r)

Here is our answer to part b

?DmchiIEE=.5=

bi
a2
. « 5915082844

Again, if you want more information at a glance regarding cumulative probabilities, this
command can be used to produce a list of the "at most" probabilities

Prepare two lists.
In Ly place the numbers from 0 to

100 for easy reference. The
built-in sequence command will
quickly fill Ly from 0 to 100.

_s.}eqcx,x,a,iaa,n L Lz L3 1
1
EEI 123456 ..

Lty =@

The format for seq: expression, variable,
starting value, ending value, increment.

In L5, prepare the "at most" (cumulative)

probabilities using binomedf, using only the number of
trials and the probability of occurrence.

DiFcdf ]

H:binompdf .
bBinomcdf .
tFolssonFdf |
Cdroissoncdf .

(Method shown below is another method of

L1 H

Lz

c

= L P P T ]

Lz =.cdf C188,..500

MNotice that our answer remains the same.

L1 L

L=

1

yg ’
Eh y
G|

Lz

iy ;
EE HEYE?

LiEx1 =522

filling a list)
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Dealing with "At Least":

A fair coin 1s tossed 100 times. What 1s the probability that:
part c. there will be at least 48 heads?

The formula needed for answering part b 1s :

100 1000 N W
P(xz48) =" o(5)%e(5)™

x=43\ ¥

Keep in mind that "at least" 48 1s the complement of "at most" 47.
Pix =48)=1- P(x =47)
In a binomial distribution, P(x < 48) isreally P(x <47).

While there 1s no built-in command for "at least”, you can quickly find the result by
creating this complement situation by subtracting from 1. Just remember to adjust the
value to 47.

(Remember, the function binomedf 1s found under
DISTR (2nd VARS), arrow down to #A binomedf)

The adjusted formula for "at least" is 1 - binomcdf (#, p, r - I).
Here is our answer to part ¢

1-bhinomcdf 186, .
Sad7

. 5313582544

The fact that this answer is the same as the "at most™ answer for the number 52, is due to the symmetric
nature of the distribution about its mean of 50.

Again, if you want more information at a glance regarding cumulative probabilities, this
subtraction process can be used to produce a list of the "at least” probabilities.

Prepare two lists. In Ly, prepare the "at least” (1 - binomedf)

In L place the numbers from 0 to probabilities, using as parameters the number of trials,
100 for easy reference. The the probability of occurrence, and one less than the value 1n
built-in sequence command will Ly.

quickly fill 1| from 0 to 100.
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Eeqcx,x,a,1aa,1> L1
1
EE’I 1234356 ..

1
H
K
iy
H
[

Lt =@

The format for seq: expression, variable,
starting value, ending valus, increment.

Notice that our answer 1s the listing for 48.
L1 Lz Lz i
Az2z8

4o B17BEZ
Licymr =42
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8. CALCULUS
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Finding Maxima and Minima (Extrema)

Method 1: (using the CALCULATE Menu)

Locate the relative maximum/minimum for the function
f(x)=xsmnx, where 0 < x<27-

Step 1: Step 2: Step 3:
Flakl Flakz FlatX: F)
=SSMiBEsindE ialue
“Nz=N T 2t zero
~Mr= SEMInlmum
~Ny= sl a1 mum
wHe= fintersect
“Me= 5 dud
wMa= FolfCwads:

Enter the equation into Y=

Adjust the WINDOW to
coincide with the given domain.
Hit GRAPH. Be sure the graph

1z viewable in the graphing
window. Adjust accordingly.

Let's find the maximum value
first. Under the CALC (2nd
TRACE) menu, choose #4
maximum.

Hit ENTER.

Step 7:

BRSO

i
c.0zB758  Y=1.8187057
The coordinates of the

==L

]

maximumm value (within your
marked boundaries) will appear.
ANSWER:
Max (2.029, 1.920)

Note:

If you are investigating more than one location

on a graph, you must start this process from the
beginning for each point being

investigated.

(Return to Step 3.)

This same process 1s used to examine relative minima.

(#3: minimum)

ANSWER: Min(4.913, -4.814)

Step 4:

Step 5:

Step 6:

T1=HsinG)

S

F1=HsiniE)
k

|

¥1=HsinlH)
k 1

|

LfFE Eound?
EEE L e e B T ek D |

RidhtEound?
n=c.B0eAEZE  Y=1.zzA4950

|

QULEST
w=z.B0EARE  Y=1.:zBY49EQ

When asked for Left Bound.
move the cursor (use arrow
kews) to the left of the observed
maximum location. Hit
ENTER. You will see a Pmark
indicating that you have
"locked" this position.

When asked for Right Bound_
move the cursor (use arrow
keys) to the right of the
observed maximum location.
Hit ENTER. You will see a
P mark indicating that vou have
"locked" this position.

When asked for Guess_ simply
hit ENTER.
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Method 2: (using the fMin and fMax functions)

1

Investigate relative minima/maxima for 1= Rl 2x 4+ x4 6.
Step 1: . Step 3:
Flotl Fletz Flots Step 2: * MUM CP¥ PRE
w181 R -2 EE R i FFrac
+5 21 r0ec
M= f S E
N r= EEEN
~Hy= L
“Ne= fMing
“MWE= fraxr

Enter the equation mto Y=

Hit GRAPH. Be sure the graph is
viewable in the graphing window:

From the HOME screen. hit the
MATH key. Choose either #6

Adjust the WINDOW if needed. ﬂ’g“ﬁﬁ?&‘“'
Step 4: Step 3:
FMincYy s Ba 2282 FMaxiYy 8. ~22 32
S B7RIESIZ 2EZIESET2]
Y1 {ARs2 Y1 {ARs2
T . roe839493% G 1292609854 ANSWERS:

The parameters for fMin and
fMax the same:
fMin(expression, variable, left
bound, right bound)

Be careful: The answer from
fMin is the X-coordinate where
the minimum occurs. It is not
the actual y-value minimum. You
must then calculate the y-value.

Again remember that the answer
from fMax 1s the X-coordinate
where the maximum occurs. You
must then calculate the y-value.

HINT: To get Y1(Ans):
Yi: VARS =Y VARS-

#1Function

2nd (-) key

Ans:

Min(3.070, -7.739)

Max(.263, 6.129)
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Finding Numerical Derivatives

While the TI1-84+ calculators are not symbolic manipulators (they cannot tell you the
algebraic expression for a derivative), they can tell you an approximate numerical
value for a derivative at a specific location. Several methods may be used.

Method 1: using nDeriv(expression, variable, value, [ £])

The nDeriv command vses the symmetric difference quotient method, which approximates the numerical derivative value as the
slope of the secant line, f'(x)=(f(x+ &)-f(x-£))/2&. As & becomes zsmaller, the answer becomes more accurate.
BEe careful!!! The use of this method can yield an incorrect answer at non-differentiable points.

The default value for 215 1 E -3.

Find the numerical value of the derivative for the function stated
below at the indicated location (express answer to three decimal
places).

f(x)=4x +8x* —10 at x=12

Step 1: Step 2: Step 3:
Flokl Flokz Flotz g HUM CP® PEE|||nDeriviy1.58.1.22
~M1EdES+ERE-1R Juf=T
wNWe= RHE EE. E7 28576
wh = 41 3¢
why = 28 A
M= BifMing
M= 7rifMax
wWe= Hnberiwe

Enter the function into Y=  |From the HOME screen_ hit the | The parameters for nDeriv are
MATH key and arrow down to | expression, variable, value. (A
choice #8 nDeriv(. fourth parameter exists
involving the size of epsilon and
1z usually left off )
Hit ENTER for the answer.

Method 2: using the % feature and the graph
ax

Let's examine that same problem again:

Find the numerical value of the derivative for the function stated
below at the indicated location (express answer to three decimal
places).

f(x)=4x +8* 10 at x=12
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Step 1: Step 2: Step 3:
Flakl Floke Flobz =
=W EdR S+ -1A gjﬁuague
“Ne= rd T gl
wWa= Siminimum
wiy= 9= maximum
wWE= 28 intersect
M= = Es PP s
o RN ]e
Enter the equation into Y= Hit GRAPH. Be sure that the Hit the MATH key and choose
WINDOW includes the x value #6 dy/dx.
that vou will be investigating. If Hit ENTER.
not, adjust the WINDOW .
Step 4: Step 5: Step 6:
Y1=4R~E+BRE-11 T=YR " E+ERE=-11

f n
H=1.zFEEAEF NY=16.599674 n=1l.2 dv dx=60.67205H
The graph will reappear. Simply type the desired value on | Hitting ENTER will reveal the
(If more than one graph appears, | the keypad. The number will answer.
use the up/down arrows to select appear below the graph.

the desired graph )

Use the left 4 and right P arrows
to locate the point you wish to
investigate, or simply type the

point.
Hit ENTER.

Graphing the Tangent Line

If you have graphed your function, you can use
DRAW to draw a tangent line at a given x-value.

tClrDraw
2ilined
SiHorizontal
tertical
Tangent

: OrauF
rdShaded

While in the graphing window, press DRAW and select Tangent(.

Select an x-value by moving to it or typing a number.

Then press| ENTER |.

First graph your function in a window that shows the x-value.
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Graph the tangent line to y =

281

12
== atx=3.

Find the approximate equation of this tangent line.

Be sure that you are in the graphing window.

To draw the tangent line at x =3,

press DRAW (for draw tangent),
ENTER) (for the x-value).

The screen shows the graph of the tangent line and its equation.

y

w=3z
=1 BFEOOOLZER+ "E.FEOOD_

The approximate equation of the tangent line is y =1.875x - 6.75 .

To clear the drawing, press ™| DRAW (above [PRGM] )
and | ENTER| (to select option 1, for ClrDraw) and |ENTER] .

Graphing Derivatives

Graph the derivative of the function: /

(¥)=x —2x* =3x+2

Step 1: Step 2: Step 3:
Flotl Flotz Flots g HUM CP¥ FEE
WMARETI-2RE AR+ 3_; e
We=N qreqe
nHa= a5
nHy= B fMing
~He= ritMaxd
~NE= =nDer i
Enter the function mto Y1=. |GRAPH the original function to We will be using the nDeriv

Arrow down so the cursor 1s in
the Y2= entry space.

see that your viewing window
gives a good representation of
the graph

command found under the MATH
key. Hit the MATH key and arrow
down to choice #8 nDeriv(.
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Step 4: Step 5: Step 6:

Flokl Floke Flokz Flokl Flok: Flokb:
SRR A-2HE R+ W EEA SN E T
sYzEnberiuche . m, '\H’zEﬂDer*iuWnH:
L h
wha= W oo
~hy=
~Ne=
The nDeriv command will Hit GRAPH. 1
appear in the Y2= entry space,

where yvou left the cursor.

We will be using the parameters
nDeriv(Y1, X
(Y e X) To more clearly distinguish the
dertvative graph, set the graph style to
a thicker line (or graph the derivative
separately).

Graphing Derivatives — Polar Functions

If you have graphed a polar function,
you can use the TI-84/83 Plus to find the

. - dy dr .
numeric derivatives d_ and B using 2™ | CALC.
X

Find the approximate value of ar atQ = LTS

r=6cos' 49 +4sin3Q .

Be sure that your calculator is in polar mode and radian mode.
Graph the function in a standard window.

Fi=a(Ccos(M60) " Y+45in(3a)

Then press CALC |3](for dr/d® )
2" | o [+] [3][ ENTER] .

p=n/3



Family
Typewriter
282


283

The numeric derivative is about —22.39.

dr/des -2 39251

Graphing Derivatives — Parametric Equations

If you have graphed a parametric equation,
you can use the TI-84/83 Plus to find the

dy d d
numeric derivatives — , 2 and = using R™ ] CALC.
dx dt d9
: : d :
Find the approximate value of a'—y at ¢t = g if
!

x =16t
y=161-161" +4

Be sure that your calculator is in parametric mode and radian mode.
Graph the function in a standard window. (See Section 5, Example 3.)

Fir=16T} Niy=i6T-16T-
Then press CALC | 3| (for dy/dt) ra J\\
m =] : \\
T=m~3

The numeric derivative is about —=17.51. /—\\
deldt=-17.E10322 \
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Finding a Definite Integral

If you have graphed your function, you can use
CALC (for calculate) to find a

definite integral of a function.

tualue

tzero

fMinimum

S MSX1IMUM

'=éhE§FSEGt
; ion i ; : dusd

First graph your function in a window that shows R e

the lower and upper limits of integration.

The press CALC and select If(x)dx .

Select a lower limit by moving to it or typing a number and pressing ENTER |.
Select an upper limit by moving to it or typing a number and pressing ENTER | .

The calculator shades the region and gives the value of the definite integral.

P12
Find [ % ix.
0 8

We have already stored this function as y, and graphed it in a standard window.

To find the numeric integral, press ™ | CALC (for definite integral),
[0] (for the lower limit), (for the upper limit).

\'1=(H"3-:Iji{jﬂ / [41:(!-!“3-1;‘:1{3! / /
Lowgr I:ifr-'.il:? [‘J Llén-ar Ljil:ﬁl:? [\-/
=0 =2

, 2x* =12
The integral I Tt

0

SExidx= 2.5

dx has an approximate value of -2.5.

Compare this to our result

To clear the drawing,

press ™| DRAW (above ) héﬁggxtal %/
and (to select option 1 #gafééﬁﬂ /

for CirDraw) and . : iEﬁSﬁEc
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TI-84+ Menu Map ZOOM > FORMAT T
Y= > STAT PLOT > PLOT1 wogEHORV P&},gggg P o
Plotd Plotz Plots a'a]’eﬁﬁ Plotz Plot3 t2o00m In d_GridOn
1= 25 f 3: 2oom Out AxesOff P
‘$2: b %TLL2 OFF ures L f: 4:ZDecimal LabelOn
Nra= o o 5: ZSHuare xFrOff
Wy= L 1 Klistily 6=ZStandard R
We= S P10t3 OFP Y1istilz 742Trig
\3‘5 " |p—1 0”. Mark: @ « ?IZIH{-E‘QE‘F‘ o
~ris SIS t ZoomStat
B: ZoomFit w
i ZEuadrantl
WINDOW > TBLSET B: ZFracls
C:ZFracles3 K
L ITNDOW TRELE SETUP Dd2Fracls g
Xm1n -18 TblStart=25 E:ZFraclsS e
S |l g
= ndent: AR As A -
Ymin=-18 Derend: Ask rac y
S
. J
LINK > RECEIVE OPENING SCREEN F1 -FRAC F2 - FUNC
RECEIVE SS{NFECETVE]
ﬁ?{f iHReceive FRESS ALFHA F1-F4
< Pram TO LOCATE
Y Lri‘stA SHORTCUT HERUS.
iL1sh.. FE DO NOT SHOM AGAIN
SiLists to TIBZ2. :
M 2: CONTINUE
7IPicC..
CLRZ5IC
Lne =H
ANZHERS: (N DEC _ FRAC [=H
nOTOFORHAT GRAFH: YE= =H
il
T Lo R L:
O [TEFN: ERR-E

STAT > TESTS LIST > OPS > MATH
_CALC TESTS EDIT_CALC ==y OFPS MATH NHMES MATH NAMES OPS [EENIE
it Z2-Test.. 1 mind

tSortAC iT-Test Lz -SortD( fmax(

31 SortD( 3:2-SampiTest.. Zilz S:dim( 3imeand

4:ClrList 4:2-SampTTest.. 4ily 4:Fillc< 4imedian

S:SetUrEditor S 1-ProrZTest.. Silc S:seq( 51 sum(

6:2-ProrlTest.. Gils 62 cumSum 6:Prod(
?LZInterval 7dalist( ?&stheu(
S:2-5amPZInt.. Sieiey Blvantancel
e 2-SamFT Int.. BiliztFmatre
H: 1-ProrZlnt.. BiMafrrliste
B:Logéstic E §2P¥°P51ntm BfL
e W% 2E0F-Test..
E:2-SamrFTest..
F:LinEegTTest..
G:LinRedTInt..
H:AHOVAL
MATH > NUM > CPX > PRB TEST >
I NLIM CP¥ PRE| |MATH B IFIHTH NUM CPX |d35 LOGIC
rFra Pa s ?rand =
:bDec fround( freald tnPr i#

3:3 3t iPart( 38 imag( 3t nCr 38>

4:30¢ 4: fPart( 4:angdled 4: ! 43>

S: 5] Stint( Stabs( S:randInt.( 51 <

6:fMing Giming 6: rRect 63 randNorm( 6:=

74 Max( 7dmax( 7:vPolar 7irandBind

Sinberive Tlome SirandIntHoRer(

Fifnlntc Q:acdd

H:summation o Airemainder

Hi 1o09BA i krAdArnesd

E:Soluer EB:rF4rD

C: UnAd
EHrd

ANGLE MATRIX - MATH - EDIT VARS = Y-VARS |
] MATH EDIT NHMES li[:ll. EDIT | [NAMES MATH |24 U-UARS VARS

IW |§ﬂﬁ 3x3 et ey 52 Wndou. o v

: : [B] : : [B] 1 Z200M... iParametric..
x1ls 5t [C] Stdim( St [C] 3:G0E... 3=Polar:..
4:»DMS 4: [D] 4:Fi11¢ 4: [D] 4:Picture.. 4:0n/0fF...

S:RMPR( 5: [E] Siidentitu( S5: [E] S:Statistics

6:RYPEC 6: [F] 6: randh( 6: [F] &:Table.

74P PR 74 [G] 7daudment. { 74 [G] 7:5tring

SEPFRIC 2: [H] atrklizte i [H]

: diListrmatr( E
2: 1] BEsLncunt EHIEY FUNCTION
E=PEF$(
irre w

CATALOG MEM C: rowSwar( : Y;

L Hg=1NE Y3
E:#rowi 4y
F 2 #row+ S:Vs
61V

Y7

give

Bivs

. . !
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