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1 The keys

STATPLOT F1  TBLSET F2 FORMAT F3 CALC F4 TABLE F5
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A key on the TI-83/84 Plus has mostly several functions.

Primary function: on the key

2. 718281828
5]

Secondary function: left above the key

2nd[e] = the Euler number e L

Third function: right above the key

ALPHA[E] = the variable E

On these calculators you can only press one key at a time.




2 Elementary actions

2.1 Calculation

The way you calculate with the T1-83/84 Plus is the same as on a scientific calculator. To
perform the calculations mentioned below you just press the keys in the same order you see the
calculations on the home screen. You carry out your input (or a command) by pressing ENTER.

2o5+2¢e 27E—1
4. EEEEEEEET B3
2SN JO2n
. BE ] 1.414213562
r2s502 sinCm- 2%
.15 1
[ |
- = the difference
(=) = the opposite
r—4 11 ERE: SYHTAHHX
3 -4-7 it
r—-4 -11 fGoto
11 -7
47 -28
-11 T -4
[ | -28
r4—dl

Notice that if you press \or SIN automatically a first bracket appears. It's not necessary to place the
second bracket but from a pedagogical point of view it’s recommended.

Jod 2
T+ 025

Jod+ 023 3
TCd+ 02500

JCd+ 02320 3
TCdr+T 0250

| . T

The TI-83/84 Plus is a graphing calculator that does all its calculations numerically and in its
standard mode it uses floating point numbers. Sometimes this gives strange results:

276+18-2"6 U S I g g el B
1.831 746832

27+ 18-2778 gE“SEHl 02 a0-1

| 1

2nd[ENTRY] = recall previous performed calculations
CLEAR = clear the input line or the home screen




2.2 Menus

The advanced function keys contain menus. The use of menus we will explain by means of the MATH
menu.

After pressing MATH the home screen will be replaced by the MATH menu.

< or » : navigation between the submenus
v or a : navigation in a submenu

The MATH menu contains the following four submenus:

1 HUM CP: FPRE MATH lEI.!.li CPs PREE MATH HUM M5 FRE MATH HUM CP¥ |sHE
H+Frac Eﬂab 5Hc,nmli [Tl
Der:, roundt reald fhPr
3 JiiPartc Jiimagl] EH nI:r*
4 34": 4:fPart.C 4=angle': g1
=) Sinte Y =H r*andlnt'i
GifMing Eiming E-HF:ec,t, & randHorm
rtMax Fdmax FirPolar FirandBing

To select a command you can press the desired number (or letter) or you can mark the command and
press ENTER.

ANs = the variable that contains the last result (Last Answer - 2nd[ANS])

1-3+1-5 abs 2431 )
 DRIIIIITEII ] 3. 6H5551275
ArnskFrac iPart{5-32
215
1-3+1-53:AnsrFrac 12!
47EA1 6EE
2715 [ |
[ |
lemi 3,72
Qedil112.24%
Cobd CZ2+30 0 )
. =31

2nd[ 1] = the complex number i

You can always leave a menu without making a choice by pressing CLEAR or 2nd[QUIT].

2nd[QUIT] = return to home screen




Activity 1
CROSS NUMBERS

Fill in the following cross numbers. For each figure, decimal point and minus sign you need a separate
box. Use an accuracy of two decimals (without rounding and as MODE FLOAT).

2nd[EE]6 = 10° or 2nd[10¥] 38=3% 8 - MATH<MATH>5:% or3: ¥ (
ACROSS DowN
1. 383 4 2. —(-81)° 4, 710
94 25-63
458+ 1
— 2 -4
4 4 4 3, U36:10)28107) 5 j7657 18362
3 24.3-10"
10 2'1072
8. 2°-.19 6. 5 \/500(17852 +1993)
V2 ) (7 3 5 12+3
11. 10| cos| = |+22-5-sin| = 7. 6311+3/4.4-1.83 8.
3 6 7+5
12. 2(307+«/96100)103 9. 2002-11"-2002
Activity 2
The Golden Number ¢
Investigate the behavior of the following sequence: 1, 1+1, 1+F11’1+ 11 1+ 11 e
11 1+ i
1+1
1 55 Taas 144 1597~ 957
1 138 T 233 25541597
1+1<AnsiAn=*rFrac 21713 G18-37T 4121.-2584
34-21 957618 |AnsrDec
2 E5. 34 1597987 1, 615034856
T2 5955 25541557 ([c1+r¢5h 52
53 143,53 41512584 1.6150833989

ENTER = Redo the last carried out command




2.3 Function Graphing
a. Definition of a function

Press Y= and define the variable Y1 as mentioned below (Press ENTER after the input of the
function).

Flatl Flakz Flats Flotl Flokz Flat:
~1=0 ~MiBTC1ER—xE )
We= “Nez=Nl
N r= W r=
“Ny= “Ny=
M= M=
~Ne= ~Ne=
M= M=

Notice that after the definition of the variable Y1 the corresponding equal sign will be marked. This
means that the function Y1 is ready to be plotted. Then go on defining Y2 as -Y1.

! It is not possible to type in the variable Y1 as Y followed by 1 !!

Select Y1 out of the variable menu: VARS<Y-vars> 1:Function...

Flatl Flotz Flotz
w1 B C1BE-K 2

Y—LARS LVAES E?ﬂ:lg
?ﬁndnu... Function

N_..E
-
=z
rs
|I|
-C

200mn tParametric.. L
JiE0E.. ZiFPolar.. KR WMr=
4:Picture.. 41 0ns0FF . CHY “My=
SiStatistics.. b H wMe=
EiTakble SH “ME=
7istring. FlMe wMa=

b. Graph of a function

After the definition of a function you can plot a function by selecting an appropriate window in the
ZOOM menu.

Select first 6 :Zstandard and then 5:Zsquare. Compare both results.

LN R
N N

ZStandard Zsquare

If you know the window settings you can plot the function immediately by pressing GRAPH.

You can turn off or deselect the functions Y1 and Y2 (not to be plotted) by placing the cursor on the
equal signs and press ENTER.

And to delete the function description place the cursor on the function description and press CLEAR.



You can also define the window settings manually by pressing the WINDOW key. Fill in the following
setting and plot the function sin(x +{1,3}) with these settings.

W T MO
amin=-7
AMAE=7
Ascl=1
Ymin=-1.5
Ymax=1.5
Y=cl=1
mres=1

c. Numerical calculations

]
On the graph of a function several calculations can be done using the : ESPEE
CALC-menu (2nd[CALC]). We will illustrate this by giving two E: Mind e
. L ERS LT
examples: 5! intersect
5 gl
- Determine the zeros of the function f(x)=7x*+6x-1 € [AERRS $1- 53

Below on the left you see the graph of the function f in a standard window. Use the ZOOM

command 1 :ZboX to blow up the rectangle below. Put the cursor on the screen where you want to
put the first vertex and press ENTER. Do the same for the opposite vertex. The enlargement will be
shown automatically.

]l 1 B
¥

\‘l H='2.553151\‘|'|'=3.2255055 n=l.70E1e77 IY=-3.54Bz87

A continuous function with positive and negative values on a segment has a zero in that segment. We
will calculate (approximately, numerically) a zero of f in such a segment with the 2nd[[CALC]

2:zero.

First enter the left and the right bound of the segment by moving the cursor to the desired value or by
entering a numerical value and then pressing ENTER. Afterwards you need to enter a guess, the seed
that will start the numerical process.

'|'1=?H1+E\l:\-1 / '|'1=?H1+E\l:\-1 ) / '|'1=?H1+E\l:\-1 ) \ ‘X

A\ \ U \

Left Eound? Fidht Eaund? GUessT T
W= -eHYYEYE Y-z 0yB42d W=.2BBAAARE YEL MAPENEE w=.1le286967 Y=.16:7x1B81 n=dbzBEM1Y Y=

~N| -

But a simple algebraic calculation gives us the zero x =

1428571429

The calculator stores the coordinates of the zero in the variables X en Y. A

On the home screen you can try to transform the X coordinate into a “rFrac
rational number. 1.7

10



> Definite integral <

The command 2nd [CALC] 7 :[f(x)dXx calculates a numerical approximation of the definite
integral.

V=5l " x=5inlH)

TSin(x) dx /\ / /\L /\‘ [ /\IL
0 'Illl 1\'\ \/‘ lIlljllp-n-ar' L;ln\':it? \/‘ lllll

Lok Lirnik™
. H=2T FRCOdE=n

Also here you can enter the lower and upper limit automatically or by selecting points on the graph.
d. The derivative function
-> The numerical derivative €

The command MATH<MATH> 8:nDerive calculates the numerical derivative of a function in a
point: NDer 1ve(expression.variable,value[,&]). This command applies the following formula with the
standard value & =0.001:

f(x)_df(x)~f(x+g)—f(x—£)(_éxj
T odx 2¢& CAX )

For Y1=X"2-2 this command gives the following results. Study the right screen!

nOeriviKe=2. 1. 32 EEEPiu{H“E—EH:H:

-2.999999
nOeriwiY 1 5. 22 ROl 8™ A—3Ka Ha
. H.,d.BEEE] > N

- The derivative function €

When you use the nDerive command in the Y= function definition window you can create a
graphical representation of the derivatives of a lot of not too complicated, well-behaving functions.
Define the functions Y1 and Y2 as mentioned below and plot both functions with the following
window settings.

Flatl Flakz Flak W I MO0

N RRT2-2 Amin= S

~MezBnDeriwviy . = amax=g

Al mscl=1 e, B
% zx=N “min=-14 L~
wNy= Ymax=18

W= Y=cl=1

wWE= sres=1

The plot above shows the relation of the decrease and increase of the function in terms of the sign of
the derivative function.

11



Activity 3
An algebraic oddity
1. Define the function Y1=X"3-5x"2+2x+10.

2. Plot this function with the window settings 4 - Zdecimal.

3. Determine a linear function Y2 so that the graphs of Y1 and Y2 have three intersection
points.

4. Put the x coordinate of the intersection points into the variable A, B en C.

STO b = store a value in a variable

Z3H

z
A*2+1

5
A+1+A

3
]

5. Compute the sum A+B+C.
6. Compare the results of all the students. Conclusion?

7. Explain algebraically!

With the TRACE function you can move around on the graph.

=R E=EHT+EH+10

R

n=1.Fi0gzH: Y=E.OLE4EEZ:

To turn off the TRACE function you can press GRAPH or CLEAR.

12



3 Matrices and systems of equations
3.1 Matrices
a. Definition of a matrix

The easiest way to define a matrix is via the matrix editor, MATRX<EDIT>. You can define ten
different matrices, [A] through [J], ona TI1-83/84 Plus. After the selection of the name,
you can enter the dimension of the matrix. First enter the number of rows, followed by ENTER and
then do the same for the numbers of columns. Automatically a matrix of the dimension entered
appears with all its elements equal to zero.

For each element you can enter a number followed by ENTER. For example, after you have entered the
first element the cursor will jump automatically to the next element to continue the entering.
Navigation between the elements is possible by the arrow keys.

MATRIXIA] 3 =3 MATRIXIA] 3 =3
[m—— 0 S S S S
[ i i | [z : ﬁlll:
1:1=H zax=1

If you want to change the dimension or some elements after definition, reopen the matrix in the
matrix editor.

[11. -1103,511
You can also define a matrix from the home screen as follows: [E% 5'1}]
[[1,-1]1[3.,51]. The use of matrices in expressions (see next section) T
and the assignment of a name to a matrix from the home screen has to be [3 511
done via the sub menu MATRX<NAMES>.
b. Calculations with matrices
We will illustrate some elementary calculations with the following matrices:
4 3 2 1
1 -1 1 0
A=352,B=35,C=2 4andD=0.
2 21 1
2[Al [C1-[E] [Al+[0O] [EB]-
[[2 & 4] (8 11 [[&] [[.525 .125]
[& 18 4] -1 311 [5] [-.373 .125]1
[4 4 211 [A1-1 [311 AriskFrac
[B]E [[-1 -1 4 1] -[B] [[3-8 18]
[[-2 -&] [-1 @8 2 1 (-1 11 [-3-8 1-811
[1g 2211 (4 2 -1111 [-Z -511
L i
The submenu MATRX<MATH> contains several matrix functions. Some examples:
HAMES [HEME EDIT det.C [Al2 identitaC3n
Eﬂdeti -1 [[1 B &]
i T [E1T 6 1 @]
Jiding (L1 3zl B @ 111
d:Fillc _ -1 511 randME 2, 4
Siidentital dimC [AT#+[0O] 2 [[-3 -3 4 -2]
&I randi 3 1% @ -7 8811
Tlaugment. @ [

13



3.2 Systems of equations

The submenu MATRX<MATH> contains functions by which we can solve systems of linear equations.
An example:

HAMES 1 EDIT [

1
X+y+52=10 LiCuURSLn 3
4

3X+y+11z=20 ﬁEEEE,EP.: rret F['
2X—y+4z=5

5]
5]

—
L [ ]

IOt
tE JalaN 1Y
P EP Ot [ |

e ]

——— |
Eka
nin

EEn =

nmOaCm

The command B: rref( generates the row reduced echelon form of a matrix (see example above) and
A:ref( the reduced echelon form. With the commands C through F (elementary row operations)
you can transform a matrix step by step into its reduced echelon form as shown below.

[A] [Z 1 11 28] [@ -2 -4 -1@]
[[11 5 18] 2 -14 511 [2 -14 5 11
E% 11 ii %E%] #ron+l -3 Ansa. 1.2 #roptl 2. Ans. 1.3

#row+E -3 Ahs. 1. 2 [[11 5 1@ [[11 5 1@ ]

@ -2 -4 -18 [@ -2 -4 -1d]

. [2 -14 35 1 [A@ -3 -6 -13]1

[[11 5 1@ ] a1 2 5 a1 23]
[d@ -2 -4 -1d] B -3 -6 _-13]] A1 25 1]
[@ -3 -& -13]1 #rowl -1<3. Ans. 30 #pow+d -l Ans 2. 3

#row e -, 5. Ans. 2

[[11 5 1@ ] [[1 15 18 [[1 15 18]

@1 2 5 1] B12%5 @1 25]
[@ -3 -& -15]1 a1 251] . BB 8aal]l]

14



4 Lists
4.1 Defining lists

a. From the home screen

2nd[{] 1,2,3,4,5 2nd[}] STO» A

t1.2:3,
1
A
LH
1

3,57+

2 2 *+H
2 34 5%
5]

2 34 5%

! You can't use the letter A to work with Llist A !!

2nd[LIST]<NAMES> or 2nd[LIST]<OPS>B:L A

gt (R T RO |
nrrrrrr-
[ ST QT N

ﬁﬂﬂ OFS MATH

EHHES MATH

[T T] ll_:|.
0
.
=

fat
=
augament.y
Ailistrmaterd
A:Matrklisto
L

The TI-83/84 Plus has six standard lists in its memory: L1 through L6. These lists are on the
keys above the numerical keys 1 through 6: 2nd[L1], .., 2nd[Ls].

b. In the STAT editor - STAT 1:Edit

The STAT editor is a kind of worksheet in which you can enter data like in a spreadsheet.

L1l Lz L= 1L Lz L 1|l L1l Lz L= 1
T I T I 2 -325814 - B || ______
2, % 5L (30 3
: : -2 =
1] 1] c
} r W ozs 214 .4
-4 E- ] 1

L1 =48: ~3:5.8, 1. [|Lli7="-1 L1 =48, -3.5. 2. 1.

DEL-key
2nd[INS]
CLEAR

deletes a cell out of a list in the STAT editor
inserts a cell (cell = O) into a list in the STAT editor

clears the content of a list (with the cursor on the list name)

STAT 5:SetUpEditor =

STAT editor with the lists L1 through Lé

15




4.2 Calculations with lists

Define L1 as {2,3,4} and do the following calculations:

L1+10, 3*L1, 12/L1 and L1+ L12

{22343+ 12 13 143
2 3 4 Sl
Li+1A 6 9 123
12 13 14> 12711
S#l {6 4 33
e 2 123 Li+L1%
6 12 283
4.3 Logical operations with lists: 2nd[ TEST]
{1,222 1.3. 42+ | L1222 T1.2.2:153:4%301

ﬁl LOGIC

[n ) O
L

_fl 2213 4%

1_
188148 8

Li=2
A1 1 88 e

t1e811 1z
L1=2

Lix2
A8 11

t1 1118 8a8x|L

i1 221 3 4

1_
o I O R = R
sumiL1=22

With the command 2Nd[LIST]<MATH> 5:sum( in combination with a test you can examine
how many elements meet a certain condition.

4.4 Operations with lists: 2nd[L1ST]<OPS>

We will take a look at some of these commands.

SortA(
SortD(
seq(
cumSum(
AList(

sorts a list in an Ascending order
sorts a list in a Descending order

generates a sequence of numbers

determines the cumulative sums of the elements of a list

determines the difference of successive elements of a list

HAMES E?E MATH
_SDFt

CLMSLUM ¢

3
4
5
=1 R=Rly
Flaliste

11.2.2.1.3:4%+1+

12213 4%
SortACL1 2
Oone

1122 3 4%

L1
2 e 159 3
alist (L2
4 -5 4 4 -6
asListCHRs 2
-9 93 -18x

16




4.5 Lists and formulas

Define L1 as seq(X?,X,1,7).

L1 =seqiEi®. 1,72

Define L2 as L1? and L3 as ALPHA[""] L1% ALPHA[""].

L1 H Lz L
i 1 1
Y ia ie
g g1 g1
16 cEh LB
cE BEE Bk
B 1z88 1:898
48 chol chol

Lz ={1.16,581.236..

Kl Lz L= 1

LRl o
oL

43

L=41-4.9:16.25..

L1 Lz LI
1 1 i
Y ia 16
g a1 g1
16 kb cth
ck Bzt Bz
zh 1:z08 1z88
43 chil chil
L= ="L1E"

# = the formula is blocked

Change the content of L1 into seq(X,X,1,7). What happens with the content of L2 en L3?

4.6 Scatter plot

-
-

unﬂn:hﬂui

r
-
=
=
=
Il

—

We will draw a scatter plot for the following data, the bounce of a ball, with
2nd[STAT PLOT] 1:Plotl.

Put the cursor on On and press ENTER.

Select as Type the scatter plot icon (=) and define Xlist as 2nd[L1] and

Ylist as 2nd[L2].

Plot the histogram with ZOOM 9:ZoomStat. With TRACE you can move the
cursor from one data point to the next one.

L1 L2
t X (t)
0.67 1.46
0.75 1.33
0.82 1.09
0.9 0.91
0.97 0.83
1.05 0.79
1.12 0.8
1.2 0.86
1.27 0.98
1.35 1.21
1.42 1.42

aot.1..
gE Hg """ [EENR Lz =
ﬂh 15@5 ZiPlot2. 0ff
87 BE Lol Lz o«
ing 7a JiPlot3 0f f
14z g L1 Lz =
Lityr=, 3 4lPlot=0ff

Flakz Flak: Flltlz
t
BN L~ a
HH- HIH |~
Ll
t:L:z
H E +

To connect the data points, select the xyLine icon (=) instead of the scatter plot icon ().

17




5 Descriptive statistics

5.1 Statistical variables

To calculate the mean, median, standard deviation, ...

1:1-Var Stats of the STAT<CALC> menu.

of one-variable data you use the command

After executing STAT<CALC> 1:1Var Stats 2nd[L1] (with L1={8,-3,5,0,1,4,-1})

the calculated values appear automatically on the screen.

variables (VARS 5:Statistics...).

These values are stored into statistical

EOIT 1-\ar Stat=s Li

EE -War

Mar Stats
EH
4:
H
[=H
v

TESTS
tats

I

1

2=

Med-Med
LinRe3a: ax+h
[uadkea
CubicEea
JHyart.Eea

1-Var Stats 1-Var Stats
=2z Th="7

zx=14 minx=-
Ixi=116 M=-1
Sx=3.8297858431 Med=1

ox=3. 545621842 Llz=

#n=? Maxn=a

5.2 Histogram

We will construct a histogram of the following data, the shoe size of 30 adult men, which we first put

into list L2.

42 39 42 41 40
42 40 39 38 43
41 46 40 41 42

44 43 41 40 40
40 39 44 42 40
42 38 39 44 41

Start the construction with the command 2nd[[STAT PLOT] 1:Plotl.

Put the cursor on On and press ENTER. Select as Type the histogram icon (d1=) and define Xlist as

2nd[L2].

Plot the histogram with ZOOM 9:ZoomStat.

The value of Freq is standard equal to 1, which means that we work with the raw data.

Flatz Flakz
otl. T gEﬂDFF
L1 Lz o gEal [ L= UM
=H PIDLE DFF B . o
L L mlistilz
EH EDtS I:IFF Fre=:1 —
4¢P1DtEDFF

Take a look at the chosen window settings by pressing WINDOW. Set up the window as mentioned

below and press GRAPH:

MIHDDN Il THOCI
n=3g AMLIN=37. 3
ﬁl Trageiaie- R fuaycye- s
=C =0
Ymin=-2. 48552 Ymin=-.1
Ymax=9. 36 Ypax=5
Yacl=1 Yacl=]
wres=1 Ares=]

With these window settings the size of each class is 1 and shoe sizes are the middles of the classes.
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With the TRACE function you can now determine the frequency of each shoe size. To turn off
TRACE press CLEAR or GRAPH.

Filz Filz

min=z0.%
rax< 8.k

Mih=zr.

)
mgxsz0.E =z

With these frequencies you can construct the following frequency table. To calculate the values of the
statistical values and to plot the histogram based on the frequencies of the different data is done as
follows.

L1 Lz Lz E 1-Var Stats Li.L Flutz  Flobz

T £ I— z ﬁnﬂﬁf

0 Y gEel [ L=

2|z i A |

yz B Mlistily

3 : Fre=:L:l

Lz1=
5.3 Box plots

Flake  Flokz
For the plotting of a box plot it is the same procedure as for the histogram. EEFL L= b
e o |
You can choose between a standard box plot (-LIF*) and #liztiLd
a modified box plot (-Tk**).

Using the TRACE function on a box plot produces the following five values: minX, Qi, Med,
Q3, maxX.

T s AN T T T
rinK=30 i=un Hed=4l 3=uz =G

5.4 Frequency table

The following program generates a frequency table of raw data in list L1. The different values of the
data end up in L2 and their frequency in L3. (How to program - See TI-83 Plus Guide -
www.education.ti.com/quides)

PROGRAM: FREQTAB
SortA(L1)
ClrList L2,L3
1->1:123:1->T
While I < dim(L1):L1(1)~>L2J)
While Li(D=Li(min({I1+1,dim(L1)})) and I < dim(L1)
1+1->1
T+1-2>T
End
T->L3(J)
J+1->J
1->T7
1+1->1
End
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6 Two distributions
6.1 The binomial distribution

Suppose we throw a dice 20 times and the random variable X counts the number of times six
spots appear. X has a binomial distribution with parameters n = 20, the number of trials,

and p =% , the probability of success, six spots. The probability to have after 20 throws:

4 16
o exactly 4 times six spots, is: P(X =4) :(Zoj(éj (Ej =0.202,

4 6
8 12
o exactly 8 times “six or three”: (ZSOJ(%J (gj =0.148,

20-x
e maximum 4 times a six: P(X <4) = Z (ij(éj [%j =0.769.

The TI-83 Plus can replace the distribution table or the calculation above by the following
commands:

2nd[DISTR] O:binompdf( and 2nd[DISTR] A:binomcdf(

binomEdf C2A, 156, sumtseyibinonedf binompdf (2,122
42 (28, 16, ¥ %.8.4 .25 5 25
) ZAZZAZIE1Z 2 blnnmchiE 1f2b
birnomEdf (28, 1.3, . LPRSTE9219
1= binomcdf (28, 1-6 cumSumib1hndeFi
14797354356 =Y 2a1720
LFEEV4IZ219 {.25 I

6.2 The normal distribution

Suppose that the weight X of a group of students has a normal distribution with mean =82 kg
and standard deviation o =2 kg - X ~ N(82,2).

We will check the “68-95-99,7 rule” with the normalcdf command. This rule tells us that the
surface under the graph of a normal distribution function between:

HEto isequal to 0,68269 = 68%
UT20 isequalto 0,95450 = 95%
H1*30 isequalto 0,99730 = 99,7%
_?_Eﬂ ORAW normalcdf (8E. 34, L BE26894309
thormalede s 82, hormnalcdfira, S6.
normal cdf o E226594 269 S22
finvHorme normalcdf (7E, 36, FS449927E
ditEdf 82,20 hormal cdf ¢ 76, S8,
Sitodf 54492275 B2, 20
S XEpdf IV FEERESE
FlEecdf

We will determine successively the percentage of students with a weight less than 79 kg and the
weight below which 90% of the students’ weights are situated. This weight is called the 90" percentile
of the distribution.

rormalcdfC -18~99 ORAL invHorme .98, 32,2
AT 82,22 fhormalFdf 3
BEESEFTZZET Ihormalode 94, 56318313
normalcdf (28, 79, |§HlnuHDPm( normalcdfc -18™~99
P Ledty 284,056,082, 22
BEEZAT 22T thodfl B9V EVIGAEDS
6 Xepdf
FAXECdE
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With the normalcdf command you can plot normal distribution functions.
Define Y1 as normalpdf(X,82,2)and plot Y1 with the window setting below.

It's also possible to shade a region under the graph of a normal distribution function.

2nd[DISTR]<DRAW> 1:ShadeNorm(80,84,82,2)gives you a graphical representation of
the fact that the surface under the graph between x+ o is equal to 68%.

I T HOW
amMin=rr
Aamax=ay
Ascl=1
Ymin=-.H87
Ymax=.23

Y= l=1 AFea=.6BzE509
mres=1 Tow=gi ur=A4
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7 Simulation

7.1 Random numbers

The command rand generates the following random numbers:

rand > an arbitrary number x between 0 and 1 (0 < x < 1)
rand(4) > a list of 4 arbitrary numbers between 0 en 1
rand4 > an arbitrary number x between O en 4 (0 < x < 4)
A+(B-A)rand > an arbitrary number x between A en B (A< x <B)
MATH HUM CP:- [J&3=] -and randida S+H A+CB-H2rand
[g=Tgls | » SEETS1 225 (L. 532862222 Q. ] 5. 38V PS2Ees
fhPr L2497 P67 [randd o+E B.281149813
EE sl LA012iE1eed 353959434867 =] TLadI2I1E
gl  SEEO9ES5EE 39685521946 A+ B-Arrand 5. 4493260958
SirandIntd . BEE3ET4ISV 1.352130324 S.Z87TS2862 G.2B8E71511
%:PathQP?( 22IBEEET1SE] . 3. P 23653987 B, 281143018 . 5. 932853488
i an 1K

The command rand starts generating at random numbers from a seed. The standard value of the seed
is 0. Starting from a specific seed you will always get the same sequence of random numbers. So if you
to generate at random numbers, by several students at the same time, it can be useful to let each
student first choose an arbitrary value for the seed rand: e.g. 144->rand.

rand Int generates at random integers as follows:

randInt(1,6) - an arbitrary integer between 1 and 6 (1 and 6 included)
randInt(l1,6,5) > a list of 5 arbitrary integers between 1 and 6

MATH HUM CP¥ [SlE= randIntol. 62
frand
thPr
:TCP

grandInt( FandIntls6.50
: randHorme S e 1 4 5
FirandBing

R o L
AR T

7.2 Coin tosses

To simulate the tossing of a coin we encode heads by 1 and tails by O.

We simulate two hundred coin tosses and we will save the results in list L1 as follows:
randint(0,1,200)->La.

We can count the number of heads by the Sum command. Dividing this result by 200 gives us the
relative frequency of the event heads.

randInt(d. 1. 28682 |“Er“ﬂ1ﬁtaiar 1::“3@;
+L1 +L1fsumily 27288
BEBEBE 1 a8 . 3
sumt L1 2288 Lal15
5 .45

7

.43

[ |
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With the following list we will create a visualization of the previous simulation:

L1 = seq(X,X,1,200)
L2 = randInt(0,1,200)
L3 = cumSum(L2)

L4 = L3/L1

Y1 = 1/2

The following screens show that the relative frequency of the event heads in the long run approximate
12, the theoretical probability of the event heads.

EDF“FE Flots PLLlly PLLilYy, FL:L1aLh
mlistild
“list:ily
Mark: = + H
=EQ Y=.20 =07 Y= 4EZE0EZE =11k Y= 4BEREZ17?

Notice that more tosses don't automatically cause a better approximation. If we continue tossing the
relative frequency will get as close to %2 as we want. But no one can tell us how many tosses we
have to do.

7.3 Throwing dice

We will simulate 240 throws of a dice by randInt(1,6,240)->L1 and calculate the relative
frequency of the events six spots as follows: sum(L1=6)/240.

The following histogram is a visualisation of Bernoulli's law of large numbers.

randIntc

Fz

L4 5 sml
o}

1.6
Li=

il

mgx+E.E

=40

randInt(1,6)+randInt (1,6) simulates the throwing of two dice.

By repeatedly executing this command you can approximate the probability of the events the sum of
the point is less than, equal to or more than seven.

Dice 1| Dice2 Dice 1|Dice2 Dice1l|Dice2 Dicel|Dice2 Dicel|[Dice2 Dice 1]|Dice?2
1 1 2 1 3 1 4 1 5 1 6 1
1 2 2 2 3 2 4 2 5 2 6 2
1 3 2 3 3 3 4 3 5 3 6 3
1 4 2 4 3 4 4 4 5 4 6 4
1 5 2 5 3 5 4 5 5 5 6 5
1 6 2 6 3 6 4 6 5 6 6 6

randIntol. &, 2887 randIntol. &, 2887 randInt{l. &, 2887
+randIntol. &, 2868 +randIntcl. &, 2868 +randInt.l. 6. 28068
2l 2l a3+l

e 99218 5. wd e 79311 TS 7e 466 ..
sumilq X7 o280 41 sumiL1=7 2260 i5 5umiL1{?}f2994?5
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8 An application: Linear programming

Linear programming is the branch of applied mathematics that deals with problems like the following
example.

8.1 Apples and pears

Suppose you have € 3.6 for which you want to buy apples and pears. The price of one apple is € 0.2
and € 0.3 for a pear. How many apples and pears can I buy if you know that there are only 12 apples
and 10 pears in the store?

Solution

Let's x represent the number of apples and y the number of pears.
Obvious the following conditions count: x>0 andy>0.
And there are the following constraints for x andy:
20x+30y <360, x<12 andy<10.
To solve the problem we need to find all the points (x,y) that satisfy:
20x +30y <360
X<12

y <10
x>0,y=>0

We try to solve the problem by a graphical approach by plotting the linear
relations 20x + 30y =360,x=0,x=12, y=10 and y=0.

Therefore we define the functions: Y1=12 - éx,
Y2=10,
Y3=0,
X1=12,
X2=0.

To define X1=12 and X2=0 you first need to activate the application Inequality Graphing '. And then
select X=.

AL Flokz Flat: E Flotl  Flotz  Flaks BB Flotl  Flatz  Flats
~ViB12-2-38 =i E12-2-35 -1 B812

~YzB1H ~YzB1H ~xzBH

=% =BA -4 zHA A ET

~Ny= “Ny= Y=

wNe= ~Ne= ~H{E=

Y E= N E= MBS

W= M=

' See 9. Appendix.
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These definitions result into the following graph (press TRACE CIEAR to remove the menu at the
bottom of the screen):

WIHOOL N R N TN
5P1$tﬂEJEEEF=3 . “nh:....... I .Hhh:........
mmin=-1 i R 4 FEE
Amax=20
Ascl=1
$m1n=£§ A E  E  E I B R T

S = A FHEE RS E T A SEETRTRTEE EHE - XS

JY¥=scl=1 [ Shades jLP-:-I-Tr-:-:-zj['-':.*"_i S ::::::%:"5

All the points in the enclosed area are solutions for our problem. It's possible to shade this area and
to calculate its vertices. To shade we need to change the equal signs with F1 through F6 as follow:

B Flatd  Flakz  Flak: BEE Flatl  Flakz  Flatx BB Flatl  Flatz  Flatx
MiE12-2-38 1HLZ-2-3E k41HLZ

=Y zB1H wzH1A -zl

=% zBA o] < (5] RIS

“Ny= ~Ny= Y=

=Ne= ~Neo= “HES

N E= “NE= B

Press GRAPH, then select Shades and 1: Ineq Intersection.

: "'.\".:'::' Il:lll:l'l
EE SN
LT 2 - 2 DRNMNEEIEENEL DALl
Shades J[PoI-Trace)l * shades JIFeI-Trace)l® [ shades JlFeI-Trace)l 7 )

We will now calculate the vertices of shades with Pol-Trace:

< » = change the first function ~ v =change the second function

Mgl

L1 R I
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You can store a selected vertex by pressing STO » . The coordinates of the vertex will automatically
be stored in the lists INEQX and INEQY.

. EHH"'.-.. o e
: Foint apFended bo :
CLINERALINERY Y
) R S
h = S 5 A1 e

InERY

InEREI=H

With these lists it's still possible to plot the area even after quitting Inequality Graphing and/or
deleting the functions. On the graph below the grid is turned off.

Let’s make our example a little bit more complicated. We want to have an as high as possible content
of vitamin C in our purchase. Suppose on apple contains 4 gram of vitamin C and a pear 7 gram.

To solve this problem we need to find the maximum value of 4x+7y over the area determined above.

To investigate this problem graphically we define the parameter A as follow A=4x+7y and the

function Y1 = %(A — 4x).

Activate the application Transformation Graphing ° (deactivate first Inequality Graphing) and investigate
the value of A for several points in the enclosed area.

Y1=1/7 A=)

Y1=1/7CA-4iH)

1=1/7A-4nD

CE figen HZME
WISLeT A=A =L TR LTI
AP Az W |

TrailOn - 2nd[FORMAT]

When we study the variation of the parameter A we see that the maximum value of A will be found in

one of the vertices.

? See 9. Appendix
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With STAT 1:Edit.. we can calculate these values for A as follows:

INEQ: [InERy |7 14| [InERs  [IneRy |7 14| [InERH [InERY A 14
i T i T i 10 R
3 10 3 10 3 10 Bz
iz y iz y iz y 76
iz i iz i iz i 4B
i i i i i i i

=4 LIMERS+7 LINE...| |[a=_HEQA+7 LIMERY AUY =7E

The maximal amount of vitamin C is 82 gram with a purchase of 3 apples and 10 pears.

8.2 The simplex method

We can write the previous example as follows:

Maximize AX+7Ty

Subject to 20x+30y <360 (1)
Xx<12
y<10
x>0,y>0

The simplex method always starts from a feasible solution. For our use we will take the origin x=0
and y=0. Of course these x and y values aren’t the ones that gives us the maximum value for

Ax+7y.

We will rewrite the inequalities into equalities by introducing three new variables u,v,w; called slack
variables:

u=360-20x—-30y <360
v=12-x
w=10-y
We define z=4x+7y. The old variables x and y are called the decision variables.

So now we can rewrite our problem as follows:

Maximize Z=4x+7y

Subject to u=360-20x-30y (2)
v=12-x
w=10-y

x>0,y>0,u>0,v>0,w>0

Note

« Each feasible solution of (1) can be extended to a feasible solution of (2).
« Each feasible solution of (2) can be restricted to a feasible solution of (1).
« Each optimal solution of (1) corresponds with an optimal solution of (2).

Our feasible solution to start from is x=0,y=0,u=360,v=12,w=10. (3)
This solution gives z=0.

We will try to find successive improvements out of this feasible solution X,y,u,v,w to end with a

with 4%+ 7§ > 4x+7y .
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If we look at z=4x+7y we see that if we increase y, z will increase faster as when we increase X.
So we will increase y and keep x=0. How much can we increase y?

For x=0,u>0,v>0,w>0 the following constraints count:

360-30y >0 y<12 M=1/TIR-4H)
12>0 & 12>0 = y<10.
10-y>0 y <10 o,

In other words y can increase up to 10. So we become our next
solution: x=0,y=10,u=60,v=12,w=0 which yields z=70.

In our next step we are going for an ever better feasible solution. How can we do this?

We need to manufacture a new system of linear constraint to continue. If we look at (2) we see that it
expresses the variables u,v,w that assume positive values in (3) in terms of those variables X,y that

assume zero. And also z is expressed in (2) in terms of X,y .

Note that y changed its value from zero to positive and w from positive to zero. So we need to

change their position in the system of equations, from the right-hand side to the left-hand side and
vice versa. We call y the entering variable and w the leaving variable.

We start with the newcomer y on the left-hand side. With the third equation of (2) we can express
y in terms of x,w: w=10-y< y=10—-w.

Next we express u,v and z in terms of x,w

u=360-20x-30y =360-20x—30(10—w) =60—20x + 30w

v=12-x

Z2=4Xx+7y=4x+7(10—-wW)=70+4x—-7w

So we can rewrite our problem as follows:

Maximize z=70+4x-7w

Subject to u=60-20x+ 30w
v=12—-x
y=10-w

x>0,y>0,u>0,v>0,w>0
From our second feasible solution x=0,y=10,u=60,v=12,w=0 with z=70 we will again try to
find an improvement.
If we look at z=70+4x—7w the only way to let increase z is to increase X.

How much can we increase Xx?

For w=0,y>0,u>,v>0 the following constraints count: TR i

60-20x=0 X<3
12-x=0 = Xx<12 = x<3 GF :F
10>0 10>0

In other words X can increase up to 3 and our next feasible solution
is: x=3,y=10,u=0,v=9,w=0 with z=82.

Now we express all variables and z in terms of u,w. Again we will start with the newcomer x:

u=60-20x+30w < 20x=60—u+30W©x:3—%u +%W'
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It follows that:
v=12—x=9+iu—§W
20 2
y=10—-w

z=70+4x—7w:70+4(3—iu +§W)—7W=82—1u—w
20 2 5

When we look at z it's clear we can not increase z anymore by increasing u or w.

This means we found an optimal solution z=82 for x=3 and y=10.

The method we just used to find an optimal solution is called the simplex method. In this particular
example x and Yy has to be integers but everything stays the same if we consider x and y as real

variables.

8.3 The simplex method using matrices

We rewrite our example into the following modified form.

20x+30y +u =360 20x + 30y + u = 360
X+v=12 X + v = 12
y+w=10 or y + w = 10
—z+4x+7y=0 -z + 4x + 7y =0

Using only the coefficients we can use the following matrix to represent our example.

20 30 1 0 0O 360
1 0 010 12
0 1 001 10
4 7 000 O

Step 1

Examine the elements of the last raw, except the one in the last column (which represent the present
value of -z. If all the elements or negative, the matrix represent an optimal solution. Otherwise select
the column associated with the largest positive number. This column is called the pivot column and
corresponds with the entering variable.

20130 1 0 O 360
1 010 12
0 0 01 10
4 000 O
Step 2
We will calculate the ratios P of the elements p of the rightmost column and the positive elements
q

q of the pivot column (except for the last column). If they our all negative the problem is unbounded
(see further).

29



The row with the smallest ratio P is called the pivot row and corresponds with the leaving variable.

20|30|1 0 0 360y — » 350_,
1 010 12 30
0 001 10]]|— 10_4
4 000 O 1

Step 3

In this step we divide each element of the pivot row with the pivot (= intersection of the pivot column
and the pivot row). In our case (pivot = 1) we don't need to do anything.

It's not a bad idea to add a column with the positive variables of our present solution.

201 30 1 0 O 360 u
1 01 0 12 v
0 0 01 10 w
4 000 O

Step 4

Use elementary row operations (2Nd[MATRIX]<MATH>) to make all the elements of the pivot
column, except the pivot, zero.

Input of the matrix

HAMES MATH |=akill MATRIXIA] 4 =& MATRIX[A] 4 =&
gﬂ[H] [ FTE 0 1 o 0 ETI 1
t[E] [1 i i o 0 iz ]
3 [C] [ i 0 T i in ]
a: (0] [4 7 0 2l Zn i i ]
a1 [E]
&: [F1
¥4 [135] 1:1=2H 1. 6=36H4
30 R, +R,
[A] 4 ¥V B A AA 4 7V B8 & 4.
[[z8 3@ 1 @ @ 3. *l""l:“.l.""': _EE: F""IE-: 3: ot ~3H. Anss 3a
[1 8 818 1. 12 12
B 1 88 11. [[Z268 B8 1 & -38 L. B1 8 -38 &64]
4 V¥ B 8 6 4. [1 B8 1048 . BBAa14Aa 121
*pra+s ~38. ARs . 3. B 1 881 .1 881 18]
12 4 7 8 8 4 i FaBaa B 11
-7TR, +R,
kot -3, Ans . 3. 4 Y 8 8 8 . 4 Y 8 8 8 )
12 #row+s -7, RS, 3. d #row+s -7, RS, 3. d
[[28 B8 1 A -38 2 2
[1 B8 A& 5} [[268 B8 1 B -38 . LA 1 8 -38 68 ]
B 1 8831 [1 881043 LAEa 1A 12 1
4 VY 8 8 8 B 1 881 L1l 881 18 1]
?Pﬂw+ﬂ'?:ﬁﬂ5:3:4 4 B 8@ -7 LAaa -7 -7all
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So we become the following new matrix, with z=70 and x=0,y=10,u=60,v=12 and w=0:

20 0 1 0 -30 60 u
1 001 0 12 v
0 100 1 10 y

0 00 -7 -70

We need to redo the previous four steps, starting from this matrix, to find a better feasible solution.

Step1&2
it el Tessse a8
1001 0 12}V B 18 @1 1TaB 1 1681
0l1 00 1 10|V 4 B8 6 -7 B e a -7 -rell
40 0 0 -7 -70
Step3&4
RES
20
[E] 4 B BE B8 -7 . 4 B A @a -7 ..
[HEI S é l%l B—EEI #rowi ]l “28:Ansa. 12 ®pFowt 1l 28 Ans. 12
6 1861 .| [[[1@& .85 6 -1..| [.LBS & -1.5 3 1
[4 @@ -v . [1 8 @ 18 . 1 G 12 1
#powll <28, Ansa. 12 [B 1 8 a1 . B 1 18 1
[4 B & B -7 . B -7 -FAll]
-R +R,
*po 1 A28 Hnsa. 12 [4 B B B -7 .. [4 B B B -7 ..
*pow+d -1 Ans. 1. 2 *pow+d -1 Ans. 1. 2
[[1 B .85 @ -1... 1 2
[1 B & 16 .. [[1 &6 .85 B8 -1.. el B 1.5 3 1
B 1 8 a1 .. B A -85 1 1... LA 1 1.5 90 ]
[4 B & B -7 .. B 1 8 B 1 .. a1 18 1
?r*-:-wﬂ'l,FInE.,i:E [4 8 @ B 7. B -7 -FvE] ]
-4 R +R,
#ro+s -1, Ans. 1.2 A - -FH1 1] B -7 -FE] ]
2 d#ro+C 4. s, 154 o+l 4. An=s.1-49
el B2 1.5 F 1 1 a
LAl 1.5 9 ] [[1 B .85 @ -1. 5 A -1.5 3 1
B 1 18 1] [ -85 1 1... Bs 1 1.5 9 1
B -y -FEll B 1 6 B 1 .. B 1 18 1]
?r*n:-uﬂ “4.An=s:1-4 B A -.2 8 -1. 2 B8 -1 -2211
a1 18 1 B 1 18 ]
S = I | 2211 VS C I | -2211
Ans*Frac HAnsrFrac
[[1 & 128 @A -.. LA 32 300
B A -1-208 1 3. .m 1 329 ]
@ 1 8 B 1. B 1 18 ]
B A -1s5 @ -. =T - B | -2211
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Our new matrix is: 10 i 0 —E 3 X
20 2
0 —i 1 E 9 v
20 2
01 0 0 1 10 y
00 —l 0 -1 -8
5

The last row of our matrix contains only negative numbers which means we reached an optimal
solution x=3,y=10,u=0,v=9,w=0 with z=82.
8.4 Always a unique solution?

Without giving a complete discussion we will end with two examples to show that there is not always a
unique solution.

(i) Several solutions - infinite many

Maximize z=2x+4y or Maximize  z=2x+4y
subjectto x—y<2 subjectto u=2-x+y
X+2y <16 v=16-x-2y
x>0,y>0 x>0,y>0,u>0,v>0

The second constraint give already an indication that the line which represent 2x+4y—-z=0 is
parallel to one side of the area enclosed by the constaints.
In a following step we become:

Maximize z=32-2v

subject to y=8-0.5x—0.5v
u=10-1.5x-0.5v
x>0,y>0,u>0,v>0

For each optimal solution (z=32) counts V=0, but not necessary x=0. The condition for x is

10—1.5x20c>x£%.

For all x in {O?} we find an optimal solution X,y =8-0.5x,u=10-1.5x,v=0.

Note: y=8-0.5x = x+2y=16 < 2x+4y=32.  32-2x 14y X—y=2

(i1) No solution - an unbounded problem 3 20=2x+4y

Maximize  z=x+2y

subjectto -2x+y<4
2X—-y<8

x>0,y>0 14=x+2y
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9 Appendix

Graphing Calculator Software Applications (Apps) are pieces of software that you can download onto
your calculator as you would add software to a computer to enhance its capabilities. Apps not only
allow you to customize your TI calculator to meet your class needs, but also to upgrade it from one

year to the next.

You can download Apps, as well as detailed guidebooks, for free from www.education.ti.com,
Downloads.

9.1 Transformation Graphing

Transformation Graphing allows visualizing dynamically how changes in a function’s parameters effect
its graph. This application enables students to discover several properties in terms of a function’s
parameters: roots, increasing and decreasing, symmetry, period, ... It can also be used for modelling
by manipulating coefficients to fit equations to data points.

Transformation Graphing is an application that once it's started it keeps running in the background. It
changes the Y= window as follows and adds the menu SETTINGS to the WINDOW screen.

Flatl Flatz Flok: SETTIHGS W T KOO galllg[gE
HY'= min=-18 m
HYz= mmax=1a .
HY'z= wecl=1 B=.2
HY'y= Ymin=-14 C=.3
HYc= Ymax=16 O=1
HY 5= Yezl=1 Ster=1
HY 7= Ares=3

To quit Transformation Graphing you need to activate it again in the
APPS menu and then select 1= Uninstall. Note that it is not
possible to run Transformation Graphing and Inequality Graphing at
the same time.

!EEH 1 nE_.’EaE i
iContinue

With Transformation Graphing is possible to observe the effects of changing parameter values on the
graph without leaving the graph screen. It is only available in the function mode and when it’s active
it'’s only possible to plot one function.

Transformation Graphing allows the use of four parameters: A, B, C, and D. All the others act like
constants, using the value in the RAM memory.

Transformation Graphing has three play types.

PLAY-PAUSE (>]]) lets you change the parameter and plot the graph.

PLAY (>]) stores a series of changes and shows the corresponding graphs in
a continuous slide show.

PLAY-FAST (>]|) stores a series of changes and shows the corresponding graphs in a

fast continuous slide show.
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We will use the function f(x)= Asin(Bx)+C to illustrate how Transformation Graphing works. We
will start with the following WINDOW settings.

Flakl Flokz Flokx SETTIHGS W IO Y1=AsinCh+El+
H'Y1BAzinCs+Ba+C min=-8 ﬁi‘l § §§
HY = Amax=a S
HYz= Aecl=1 E=8 Ly
HY'y= Ymin=-5 C=H FE]
HY'c= Ymax=3.5 SteFr=.5 E=1
HY' 5= Yacl=1 =i
HY'7= Ares=3

PLAY-PAUSE (>|])

Press <« » to change the selected parameter and « v to select a different parameter. The graph will

change automatically. It is also possible to enter a value manually. Select the parameter, enter the
value and press ENTER.

'|'1=ﬁ:iniH+Bfl+"V\ '|'1=I’|:iniH+B;J\ '|'1=ﬁ:iniH+Bfl;L '|'1=I7|:in(H+BJ:L '|'1=I7|:inlIH+BJ+¥
AN /N0 | VAN AN [P Al NN
ALV I n:zvlu n:z\/l\/ [ AVAAVA "W, I\/ W
E=0 ERE E=1.E ER.E ET:.A41509:7
= 3- £=-1 =-1
=T

=0
B

PLAY (>]|) and PLAY-FAST (>]|)
With these options you can define a slide show per parameter. By putting the cursor on the equality
sign and pressing enter you can select another parameter. Press GRAPH to start generating the

screens for the slide show. The definitions below will generate 5 screens for the parameter B: from -2
to 2 in steps of size 1.

WTHOOL WIHDOOW Compukind ]
Dttt U Sl e

=’ =

Ster=1 Step=1

Max=2 Max=2

T=AsiniH+EI+ T1=Asin(H+E1+

A N A TN A N A I L N
A VARV \T/ v vl i vlu \varvan

Press ENTER to pause the show and again to resume it and press and hold ON to stop.

i m Te
LW
I o
SHn

Transformation Graphing also adds an extra setting to the graph format screen, 2nd[[FORMAT]:
TrailOff or TrailOn.

with Trai 10n you will see better the effect of changing a parameter because the previous graphs
stay on the screen in a dotted format.

Y1=ZACH-E)z+C

Y1=AlH-E 1+l:': 1 |
1
1] 1
1
Il I II| 1 I
i f I 1
A=1 A= -, I:-' LI,
= 1 E=Yy :
=i og-z t U
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9.2 Inequality Graphing

Inequality Graphing enables to enter inequalities using symbols, even inequalities involving vertical
lines in an X= editor. It is possible to plot the inequalities, including union and intersection shades,
and to store the intersection points between the corresponding functions.

With this application it is possible to add very easily a graphical approach to solving systems of linear
equations (two variables) and to linear programming.

Inequality Graphing is an application that once it is started it keeps running in the background. It
changes the Y= window as follows and adds an X= editor to it. It also adds a shade resolution item
(ShadeRes) to the WINDOW settings.

B Fletl  Flakz  Flok: BB Flatl  Flotz  Flok: B Flotl  Flotz  Flotz WIHOOW

~M= kY EZEFS gl K ShadeRes=3
W= wMe= wiE= Amin=-1A
wMr= Wa= “ET= amax=1A
“Ny= mhy= “EN= necl=1
wWe= “Me= wHE= Ymin=-14
wME= “ME= “HE= “Ymax=1H

R =M IEZN==0 (= arEE=r=)) scl=1

To quit Inequality Graphing you need to activate it again in the APPS
menu and then select 2 Qu it. Inequal. Note fchat it is not it |
possible to run Inequality Graphing and Transformation Graphing at 3iAbout

the same time.

The following two examples will show how Inequality Graphing works.

Example 1
We will determine the region of points (x,y) that satisfy:

X+2y<4 x>0
and .
X+4y<6 y=>0

Therefore we define the linear functions Y1=0.5(4-X), Y2=0.25(6-X), y3=0, X1=12 and
plot them with the following WINDOW-settings (press TRACE CIEAR to remove the menu at the
bottom of the screen).

B Flotl  Flokz  Flok: EB Floti  Fletz  Flotz | [IIHO0N HM\
~1 BE SR S0d KD ShadeRes=3 —_
wHE= =NeEAL 25 0E—H) Amin=-2

= 3 - L) BMaN=T

EU= ~My= Ascl=1

W E= =Ne= Ymin=-2

~HE= ~ME= Ymax=23

=Ne= JY=cl=1 [ Zhades N FeI-Tracel(

All the points in the enclosed area are solutions to our problem. It is possible to shade this area and
to calculate its vertices.
To shade this area put the cursor on the equality signs to change them as follows into inequalities:

ALPHA F1 > =

EE Flati  Flokz  Flok: I8 Floti  Flokz  Flot:
w5 o ESEDTT (B
ALPHA F3 > < LS iy fom
ALPHA F4 > > ez N
ALPHA FE o o (I (I
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Press GRAPH, select Shades (ALPHA Fl1)and 1: Ineq Intersection.

i R"“x
e sHHDEZ —]
= 1: Ingq Inkerseckion
3 Z: Unisn

EA Oridinal Zhads

o

| Zhades jI_F'-:-I-Tr-:i:-sz '-‘II | Zhades M FoI-Tracell T | Fhades ]I_F'-:-I-Trm

For linear inequalities it is possible to calculate the vertices the shaded area with Pol-Trace
(ALPHA F3): 4« » =change the second function & a w =change the first function.

You can store a selected vertex by pressing STO » . The coordinates of the vertex will automatically
be stored in the lists INEQX and INEQY.

\'Efl_ﬁ:_t[x

Foink aepended o
] (LINEQHALINEQY) b

W [ =1

w=0 V=1.F

Example 2
Let's try to find the area between the functions f(x)=x*-9 andg(x)=-x*+4. For non linear

functions it is not always possible to find the intersection points through Inequality Graphing. In such
a case we need to use 5- Intersect of the graphical CALC menu.

T=Hz=-a TEETHEHY YEETHI+Y
/L VAR WV

Fi H
H=Z.E4OE08B IW=-z.E H=-3x.EP44G

>

H
- BEXi01 IV=-z.EiB7E7

0 T Gugss
=2.18i488 IY¥=-6.1B5604 H=

To approximate the area we can use the Fnlnt command. The calculations above are also numerical

approximations of the intersection points x, = —E ~-2.55 and x, = E ~2.55.

2.55
J (9(x) - f(x))dx is a good approximation of this area.

—-2.55

frlntoYez—Y1.4. 2
ISSFEI :l
dd. 1915
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