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1. Out of the box

MAIN MENU

@

Statistics  eActivity Spreadsheet

an=
An+B
Recursion
=m0

LHY_Z 7

268]

Graph Dyna Graph Table

& 9l axibx A % B
+c=0

ConicGraphs Equation Program  Financial v

MAIN MENU

@

Run- Matrlx Statistics  eActivity Spreadsheet

Graph Dyna Graph

é 8 aX+bx A
+c=0

ConicGraphs Equation Program  Financial v

Recursion

MAIN MENU

@

-Matrlx Statistics  eActivity Spreadsheet

[ua An+B
6

Dyna Graph Table Recursion
] XeabX A B =0

ConicGraphs Equation Program  Financial v

MAIN MENU

@

Run- Matrlx Statistics eActivity Spreadsheet

xv1vz an= B8

BA) N2 °Y e’ ave
Graph Dyna Graph Table Recursion
=0

Program  Financial v

In this chapter we assume you have just taken the calculator out of the
box and have not changed any of the out-of-the-box (aka factory)
settings. If your calculator is not out-of-the-box, see section 1.2.



1.1 Straight out of the box

1.

Put in the four AAA batteries.

See if the machine has turned on. If it has you will see the screen shown below.

[E]
Message Language
[Englishl]
»English Hello
Esparfiol
Deutsch
Francais
Portugués 4
SELECT

If you do not see the screen above, carefully insert a thin blunt object into the Restart
button on the back of the calculator and press gently.

Your calculator has a four-way navigation pad: left, right,

up and down. We will use the symbols, @ @ @ @ ,
to represent these keys. Use the @ , @ , @ and @

keys to move the cursor as required.

Position the pink arrow alongside the language in which you want messages to be displayed

and press SELECT ([E]) to that language, then press Next () to move to the screen:

[E]
Display Settings

Backlight Level
Dark«< % 3/5¢:»Light
INITIAL

Use the @ keys to choose the brightness level you prefer, then press Next () to

move to the screen:

B
Power Properties

Auto Power Off

:10 Min.
Backlight Duration
:30 Sec.

Choose either 10Min (E]) or 60Min (@]) for the Auto Power Off setting.

Then press (¥ and choose 30Sec (E]), 1Min (@]) or 3Min (@]) as the length of
time before the backlight dims.

Press Next () to move to the screen:

2]
Battery Settings
[Alkaline batteries]

Ni-MH

Select the type of batteries you have inserted and press SELECT (E]), press (F1) again
once you read the message and then Finish ()

You are ready to start!



1.2 Not straight out of the box

If your calculator is not straight from the box, some of the calculator settings may be different to
the factory (or default) settings. Before continuing in this book, please do the following carefully.

MAIN MENU

Xyiy2 7 an= B
[zsa An+B

Graph Dyna Graph Table Recursion

E-CON4

B

System Manager
Fl:Display Settings
F2:Power Properties
F3:Language
F4:Version

F5:Reset

F6:Next Page

DISPLAYIPWRProp]L ANGUAGEVERSI IN{RESE T ID =l

B

XX KKK RESET
Fl1:Setup Data
F2:Main Memory
F3:Add-In
F4:Storage Memory
F5:Add-In&Storage

Page
SETUP. ADD-INJSTRGHEK] A&S [IIEE)

XKKXKXKXK

Reset OK?
Setup Data

'I Yes: [F1] I

G ING ds C
SETUP] MAIN JADD-INJSTRGHEK] A&S JINE|

T T X @

Reset!
Setup Data

'l:l"f'l'ﬂ'l'l'l'l*n

Press [EXIT]

MAIN ADD- IN TRGHE] A&S [N

Use the @, @, @ and @ keys to navigate the

MAIN MENU.
& ©

Navigate to the ' S¥SMI application (it may not be visible
on the screen so use the (¥) key) and .

Choose RESET ([F5))

Choose SETUP ([F1))

Choose Yes (E])

All calculator settings will now be back to the factory (or
default) settings.

(just below the grey MENU key).

MAIN MENU

V_L an= 5
124l An+B

Graph Dyna Graph Table Recursion

s =
ConicGraphs Equation  Program  Financial

e P8

E-CON4 Link Memory

System

You are ready to start!

(MENU) to return to the MAIN MENTU.



1.3 Some first steps

MAIN MENU
+ 1

[ &
Statistics  eActivity Spreadsheet
0

.= 8
; AnsB
Graph  DynaGraph  Table  Recursion

0 |

B = =

Conic 6raphs Equation Program  Financial v

X 1
=
[&5

Select the RunMatrix] icon and [EXE] to launch the application.
An almost empty screen awaits you.
Notice the flashing cursor that flashes to the left of an empty

box. This signifies the calculator is ready for you to enter a
calculation.

(%
u

JUMP JDELETE DMATVCT) MATH

Let’s calculate 325 + 31.

Enter (3] (2] (8] (2] (8) (1)

To have a calculation performed and the
result displayed, press the blue at
the bottom right corner of the
calculator.

The result is 10.48387097 and this is shown on the right side
of the screen.

The cursor is now flashing in an empty input line waiting for
your next calculation.

B HatRedNorn] [d7c)Real
325+31 [
0 10.48387097))

JUMP [DELETEDMATVCTI MATH

Let’s calculate 27435 x 324.

Enter (2] (7] (4] (8] (5] (X] (8] (2] (4] butdo NOT

press the EXE button.

Suppose you made an entry error and we wanted 123 not 324.

INS JNDO OFF

DEL AC™

To delete characters in an input line,

we use the key. ) ‘

El =2

Press it three times.

325+31
27435x|

10.48387097

[ JUMP JDELETEDMATVCT MATH

Now enter E] @ @ and press the blue @ key to

calculate and see the result.

325+31
0 .48387097

27435x324]

JUMP JDELETEDMATVCT MATH

B

325+31

10.48387097
27435%123
0 3374505

JUMP [DELETE DMATVCT MATH




Now calculate 256.12 — 18.28.

Enter @ @ @ E] etc.
Press to calculate and see the result.

The decimal 237.84 results.

To see the fractional form of this decimal, press the key.

Suppose we wish to multiple our previous result by 8500.

Press the key. Look what happened. The calculator
automatically enters AnsX.

Enter@@@.

Press for the result.
El HatRadNorn] [d7c)Real
256.12-18.28

3374009

5946
25

2021640

Ansx8500

g
DEL-LINEIDEL-ALL

Press again and you will see that the previous operation
(x8500) is applied to the previous answer (2021640)
automatically.

Note that 1.718394E+10 means 1.718394 x10" .

Bl [HatiRadfornd) (d7c]Rea)
325+31

27435%x123
256.12-18.28

10.48387097
3374505

L]
JUMP [DELETEDMATVCT] MATH

B HatiRadMornl) (d7c]Rea)
10.43337091]
27435%x123

256.12-18.28

L]
JUMP [DELETEDMATVCT! MATH

Good) 25

L [ W ea )
27435x123
256.12-18.28

3374505
5946

JUmr gUELETEDMATVCT MATH

B FatiRedMornl (dic)Rea)

5946
25
Ansx8500
2021640
Ansx8500
1.718394e+10

U
JUMP [DELETE DMATVCT MATH

Let’s calculate v/ 32254 .

The entry is above the squaring key. It is
The squaring key has more than one SHIFT
function. To make it enter a square root we IS

must first press the key. ALPHA

The key is not like a computer shift key. Just press and
release it, do not hold it down.

Enter([)@@@@@

EXE| to see the result.

Bl [HatiRadMorn]) (d7c]Rea)

ANSX3500
2021640

Ansx8500
1.718394e+10

179.5939865

J32254 ’
O




1.4 Deleting all, screen menus & F keys

This section follows on directly from the last section.

On the right, you can see the collection of calculations from K Sk
the previous section. 2021640
Ansx8500
1.718394e+10
To delete all these calculations (i.e. clear the screen) we need to  |J/32254
X 179.5939865
use one of the menus along the bottom of the screen. |

< JUMP [DELETE DMATVCT MATH

—_—

We will call these menus the screen menus.

Note that the key does not help with this process.

The screen menus are operated by the F keys that are directly N Sgtadtg) ok

below them. You will use this process a great deal as we 2021640
Ansx8500
proceed.

J32254

For example to use/open the DELETE menu you would press
@] because it is directly below DELETE. oy

Trace Zoom \ Window Sketch G-Solv

FI F2 F3 F4 F5

Open the DELETE (@]) menu. Notice that the screen menus
have changed.

B HtiRadfom] (F)fed
ns

Ansx8500
J32254

DEL-LINEIDEL-ALL

N\

Two options exist. DEL-LINE (delete a single calculation line)
and DEL-ALL (delete all calculations on the screen).

Ansx8500

J32254
179.5939865
Open the DEL-ALL (@) menu. ST
Now choose Yes by pressing E] g

A cleared screen results.

B
]

g
DEL-LINEIDEL-ALL

JUMP JDELETEDPMATVCT] MATH I

Note that the screen menus have returned to the first level set of
options.



1.5 Editing, deleting & the EXIT key

Continuing in the Run-Hatrix
result.

Enter the calculations seen on the screen to the right.
To enter the square, use the key.

To cube the previous result press followed by (3.

application let’s calculate 32+15.2” and then find the cube of the

B HatiRedMornl (dc)Rea)

32+15.2%

263.04
wig>)
. 18199748.54

JUMP [DELETEDMATVCT] MATH

Suppose we wanted the 4™ power of the previous answer and not the

third. Previous calculations can be easily edited if mistakes have been

made or changes are required. Your calculator has a four-way
navigation pad: left, right, up and down.

We will use these symbols to represent these keys: @ @ @ @

Press (&) twice move the cursor up and select the last input
we made.

Use the @ or @ keys to move the cursor so it is flashing
to the right of the 3 and is the same height of the 3.

Use the grey key (not F2) to delete the 3.

Enter (4] and then .

again and you will see the previous operation is applied to
the previous answer automatically.

Note that 5.252290442E+38 is the way the calculator displays
the result in scientific notation (i.e. 5.252290442 x10™).

10

B eiRedfom) (Fc)Real
32+15. 22

e )
0

263.04

7N\

18199748.54

JUMP PMATVCT MATH

B Hofifkn) (k)
32+15. 22

263.
18199748.

04
54

JUMP JDELETEDMATVCT MATH

| adn) ()6
32+15, 2%
263.

18199748.

04
54

JUMP JDELETEMATVCT MATH

B FetBRadMornl (dic)Rea)

32+15. 22

263.04

Ans?*

N

4787261857

JUMP PMATVCT MATH

B MatRadNorn] [d7c)Real
o

PFILI NV R

263 . 04f

Ans?

4787261857

Ans?
5.252290442E+38

l
JUMP [DELETEDMATVCT] MATH




@ @ @ @ @ @to select the first input we

entered.

Use the @ or @ keys to move the cursor so it is flashing
to the right of the 1 in 15.

Use the grey key (not F2) to delete the 1

Enter @ to make the 15 become 35.

Press and all calculations, below where the cursor was
positioned, will be recalculated.

Previous calculations can be deleted one at a time or all at once.

To delete just the last calculation line, use the @ key to select
the input line, and then open DELETE (@)

Now DEL-LINE (([F1))

Finally choose Yes (E])

Note that the screen menus are still as they were.

Press |EXIT) and the screen menus will return to the first level

of options.

B HathRadFornl)
32+35.22

1271. 04
2.609978156E+12

‘ JUMP [DELETEDMATYCT MATH

C

32+15.2°

” 263.04
Ans

. 4787261857
Ans

_ 5.252290442e+38]

| kgl (D6

3 22
@ 263.04
Ans®

4787261857
Ans?

h 5.252290442E+38

(R
1271.04
Ans?
2.609978156E+12
Ans

0 4.640315293e+49

El MathRadMornd) (d7c]Real
o

altugu .4

1271.04

Ans?

=)

= 4.640315293E+49

2.609978156E+12

JUNP [DELETE DK ATVCTI MATH

B HatiRadfow] ([GFc)Read

1271.04

Ans*

2.609978156+12

ﬂﬂﬁﬂ
4.640315293e+49

DEL-LIN

B HatiRadMornl) (d/c)Resl

DEL-LINEIDEL-ALL

f Eokim] ok
32+35.22

1271.04

Ans*

2.609978156e+12

DEL-LINEIDEL-ALL

11



Delete all calculations now. %

Open DELETE ([F2)).

Then open DEL-ALL ([F2))

JUMP [DELETE DMATVCT MATH

Then choose Yes (E])

Note that the screen menus return to the first level
automatically.

12



1.6 Fractions & decimal approximations

Fractions show the exact form of a number. For example, we know that % + % is exactly equal

to % and that the decimal 0.333 (correct to 3 d.p) is an approximation for %

If the MAIN MENU is not showing, press (MENJ]. Open the RunHatrix] application.

Calculate %+% on the calculator. We will be using the fraction key, .

6 1‘
33

CAPTURE M

Enter @ then then @ @

JUMP JDELETE PMATVCT] MATH

(B EdiRdfom] @Rl |

DELETE DMATVCT] MATH

IHII (drc]Real

JUMP ADELETEDMATVCT MATH

;3 33 <:::’)
;”>

Use the @ to move the cursor out of the denominator so
that it is flashing the full length of the fraction.

Enter the , then finish off the entry.

to have the calculation performed and see the result.
Note we get a number in exact form.

We can change the fraction to a decimal
approximation by pressing the ‘fraction to
decimal’ key, .

Calculate 1%x 2713 on the calculator.

B HatiRadfornd) (dic)Rea)
JJ JJ

0.3333333333
1%><2713

21704
5

O
JUMP JDELETE PMAVVCT] MATH

3
To enter the mixed number 1—

press m - (-%) and then 1.

Use the @ and @ to move the cursor and enter the @
and @ and then use @ to move the cursor out of the
denominator so that it is flashing the full length of the fraction and
then complete the entry and [Exg.

13



The fraction key, , behaves a little differently to the E] .

. 16 .
Enter the fraction 5’ using the key and then .

Then enter the calculation 16+ 68 using the (=) key and then .

B HethRadForn] (d7c]Red)
16

8

JUMP JDELETE PMAVVCT] MATH

17
(:16+68
0.2352941176

If you use the division operator (=) as opposed to entering

a fraction, the calculator assumes you want a decimal
approximation.

$8D| will convert the decimal to a fraction.

E]
(S]]

4

17

4
17

16+68

]
JUMP [DELETE PMATVCT] MATH

12 11

Calculate —+—.

574

8 — In this case, a fractional output is given.
17
12 , 11
2584 574
2207

L
JUMP [DELETEDMAWCT MATH

Edit the previous calculation.

Change the 574 to 5748.

B HathRadNorn] (d7cRea)
~ OO0

1rv

17
12 11

2584 5748
6.557671965£-03

L
JUMP JDELETE PMAVVCT] MATH

A4

14

Changing the 574 to 5748 results in a decimal approximation
being given.

Note that will #ot provide a fraction in this case.



1.7 A financial calculation

Suppose we wish to calculate the value of an investment of $8000, five years after investing it in
an account that pays interest of 3.4% p.a. compounded monthly. We can use the formula

Y
A:P(1+—) .
100
0.034

So, calculate 8000 [l + T) on your calculator.

If the MAIN MENU is not showing, press (MENJ]. Open the Runatrix] application.

When entering the fraction, enter 0.034 and then press (2.

8000 1+2-934
The fraction structure appears and the cursor is flashing in
the denominator ready for the next entry.

JUMP JDELETE DMARVCT] MATH

HathRadNorml) (d/c)Real

0034 Enterm@.

8000( 1+ 12
Press the () key to move the cursor to the right of the
fraction.

o Enter the then then [6] (0],

0.034
8000| 1+ 19
9480.159702 EXE] to calculate and display the result.

O

JUMP JDELETE DMATVCT MATH

It is possible to set up the calculator to display the result correct to two decimal places, a good
idea for many financial calculations. This can be done in the menu.

Look above the @] key, you will see

To enter the menu press (and release) (SHIFT] then (MENU] . -
A list of settings that you can change will be displayed. MoEe E(d:omp

Frac Result /e
Func Type 'Y=
Draw Type :Connect
Derivative :0ff
Angle :Rad N2
Use the (:) or (:) keys to locate the Display setting.

¥ play & Complex Mode:Real T
Coord :0n
Grid :Line
Axes :Scale

15



Here you can fix the number of decimal places to 2.

Open Fix (E])

gomplex Mode:eal T

EXE| . Dj i ‘Fix2’.

Enter @ and then Display is now set to ‘Fix Complex Mode Real =
Coord :0n
Grid :Line
Axes :Scale
Label :0n

1mp uto

-llrg_l

Press [EXIT) to leave the settings list and then to recalculate the previous calculation. Note it
is now correct to 2 decimal places.

Also notice that the Display setting, Fix2, is displayed in the ‘message bar’ at the top of the
screen.

B mmm

800 Ol = |
948060159'702

8000[ 0 034

0 9480.16
JUMP JDELETEMATVCT] MATH

([E]) settings, Norm1 and Norm2. One difference is that Norm1 displays positive numbers smaller
than 0.01 in scientific notation whereas Norm2 displays positive numbers smaller than 0.000000001 in
scientific notation. For most purposes Norm?2 is the most useful display.

i Fix2 rounds the result correct to 2 decimal places. It does not truncate the result. There are two Norm

16



1.8 Math mode

In the ‘RunMatrix! application, enter the menu by pressing (and releasing) then
(MENU] . We will check that Math Mode is selected and the Display is set to Norm2.

Frac Resu
Func Type :
Draw Type :Connect
Derivative :0Off

B

Complex Mode:Real T
Coord :0On

This calculator has two Input/Output modes, Math and
Linear mode.

The factory mode is Math. We have been using this mode in
the previous sections.

If Math is not already chosen, choose Math ([E]) to choose
it.

Use the (&) key to select the Display setting. Set it to
Norm?Z, if it is not already selected.

To do this, press Norm ([E]) twice.

EXIT| to leave the menu.

Math mode provides an input method that results in calculations having the form we would use
on paper. It also provides results that involve square roots — numbers in exact form.

Enter 1[% into the calculator.

E HetBRadormd) [(d7c]Real
2

1
J22
11

O
JUMP JDELETEPMARVCT] MATH

B EtRedfond (G/clfel
2
11

O

0.4264014327

JUMP JDELETE DMAVVCT] MATH

[SHFT) then («/_ ) followed by (2] and and then
ERNEN

V2 i V2

2
EXE| to see the result. Note that,|— = X =
11  ~11 /11 11

$8D) will provide the decimal approximation.

Find a simplified form for V112 + 3J7.

2
11
0.4264014327

112 44—

JUMP JDELETE PMATVCT] MATH

E HetBRadMormd) [d7c]Real

JUMP JDELETE PMARVCT] MATH

2

11
0.4264014327
J112+3J7 |
0 <!

After entering the first part, the cursor is ‘inside’ the square
root, it needs to be ‘outside’ the square root before
continuing. Use the @ to move it outside.

We again get an exact form for this result.

Note that V112 +3v7 =V16x7 +3¢7 =47 +3J7 =747 .

17



Calculate log,19683.

B HathRadMorn? (d7c]Red)
2

11
0.4264014327
J112+3J7
J7

7
g
JUMP JDELETE MATH

B HatiRadfornd (dclRea

2
11
0.4264014327

Ji12+3J7
747
>

L
s’ Jhogat] /e o kv memn

B HatfiRadFornd (d97c)Resl
2

11
0.4264014327
Ji12+3J7
747
loga(l"l)

| MAT Jlogab| Abs [d/d:x|d?/dxcZ/li>

J112+3J7
1083(19683)

L
DELETE PMATVCT] MATH

To enter this we need to use a screen menu.

Open MATH ([F4)).

Choose logab ([F2] )

Enter @ .

Notice that the cursor is flashing in the base section of the
calculation. Use the right cursor key () to move the
cursor into the location for the number and enter

BIBIEGIBIE)

EXE] to complete the calculation.
ath Fad Farn?

J112+3J7
log;(19683)

]

Note that the screen menus still show the options just used.

Press |EXIT| to return the screen menus to the first level.

3
Find a simplified form for 27, ’B .

B HetBRadformd [(d7c]Res]
log;(19683)

’i
27 10

[
JUMP JDELETEPMARVCT] MATH

18

7 is attached to the EXP key, so to enter it press

then .

Note that we do not always get an exact form first.

Also note that pressing in this case does not convert
this decimal approximation to an exact form.



1.9 Linear mode

In the ‘RunMatrix! application, enter the menu by pressing (and releasing) [SHFT| then

(MENU) .

Func Type
Draw Type
Derivative

G 1)

g

lﬁnut /Output:Linear

F;éc Result

:d/c
Y=
:Connect
:0ff

Rad N

PMATVCT

2n4d 3410

B [roRedfornd (F)Resd
3.441442326

2n{3+10

1.088279619

f112+347

PMATVCT,

18.52025918

2ny3+10
J112+347
274 (3+10)
DPMATVCT]

B GngRedFornd (d7c)Real
3.441442326

1.088279619
18.52025918
3.441442326

Mode
Frac Result
Func Type
Draw Type
Derivative

(Math ) ine |

e —.
Input/Output:Ma
L P

th
td/c
Y=
:Connect
:0ff

:Rad NA

Set the Input/Output mode to Linear using Line (@]).

Linear mode is the input/output method used by ‘oldet’
calculators.

Press .

Notice that when you exit, all previous calculations done in
Math mode have disappeared and the base menu is different.
Linear Mode is essentially a different calculator than we were
using in Math mode. There is a cursor flashing, ready for
input. Also note that Line is displayed in the ‘message’ bar.

Enter the calculations on the left using the same keys used
for this calculation earlier.

The  symbol is the ‘old’ fraction symbol.
Enter it with the (2] key.

Note how the use of the division sign forced a different
action. If you are unsure of how the machine will calculate,
use brackets to avoid confusion in this mode.

A decimal approximation is given in all cases and the
key does ot provide an exact form as was the case
(sometimes) with Math mode.

Linear mode mostly produces decimal approximations.

Revert back to Math mode.
Enter the menu by pressing (and releasing)

(SHIFT) then (MENU).

Then choose Math (E]) to leave the menu.

You will see the previous calculations are ready and waiting
for you.

]
JUMP JDELETE MATH,

Input/Output:Mat

All calculations petformed in this book, following this point, will be done with the calculator operating
in Math mode.
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1.10 Square roots - Pythagoras

Suppose we need to determine the lengths of the currently unknown sides in the construction
shown below. We could proceed as follows:

Y 2 m Cearsb” y'e 2074 ¢
> 2% N ax” > Y- 204 o

204 ' \6m D x ¢ /\[211-’)91

We can calculate a simplified form for x and y in the ‘Runzhatrix’ application.

9:c)3ed) Enter the calculation as follows: then (v then

@ E] then then E] then E] @ then (27.

EXE| to see the result of the calculation.

We get the length in simplified exact form.

JUMP JDELETE PMATVCT] MATH

e Pressing the key repeatedly, will toggle the display
Dzl -16 13.60147051 between exact form and a decimal approximation.

JUMP JDELETE PMATVCT] MATH

The previous result can be used in the next calculation line

I 2_1p2 . .

21°-16 13.60147051 by using the function ([SHIFT} then )
JAns?+20?

g

3465 Pressing the key provides a decimal approximation
for the length of the hypotenuse.

[HathRad form2) [d7c]Real

J212-162
13. 051
JAns?+2 1
. 24.18677324
-

JUMP [DELETEDMATVCT MATH

50 we find = A1B5 W % 13.6m (corveck +o | dip.)
ond Hhat Y= 3065 'm & Ak i2lm ( covvect + \d.?.).
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1.11 Trigonometric calculations

Suppose you are required to find the length of the currently unknown side in the diagram below.
We could proceed as follows:

s = ﬂH
x
=7 M%: _i
30°
-) xX = 5
S S X

We can calculate a simplified form for x in the 'RuITMatrix] ;pplication.

5]

Trigonometric calculations require us to know what unit for

Mode :Comp T . .
Frac Result :d/c an angle measurement the calculator is assuming.
Func Type Y=

Draw Type :Connect ) o

Derivative ff We can change this setting in the menu.

To enter the menu press (and release) (SHFT| then

(MENU) . Use the (@) or (& keys to locate the Angle setting.
There are three options: Degree, Radian and Gradian.

Choose Degree ([F1)) and then [EXIT).
Note that Degree is displayed in the ‘message’ bar.

JUMP JDELETEDMATVCT MATH

B FatfDedfornd (drc)Res)
5

Enter (5] [0%] and then (3] (0. Then .

cos 30 Using we see the decimal approximation.
1043
3
O
S0 o = \lg_{zm ¥ 53w (loweet to 1&.P,>.

3

Look at the result of the
calculation below, a decimal
approximation results first.

In the calculation above, the calculator recognised cos30 as

B8  HatiDedfond (Fc)Real

cos 30

5.773502692
-%X41X56xsin 35
658.4657489

g
JUMP JDELETEDMATVCT MATH

having a simple exact value, —.

However, in the calculation shown left, it cannot calculate an

exact value for sin 35 and so the output is shown as a
decimal approximation.

does not reveal an exact value for this result.
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1.12 The SET UP menu in Run-Matrix

In the ‘RunMatrix! application, enter the menu by pressing (and releasing) then
(MENJ] . Use the cursor keys (@ ,@) to move up and down the list of settings.

. ; - The factory setting for the calculation Mode is Comp. This is
D the mode to use for base 10 calculations, which is the vast
majority of calculations performed in school mathematics.

Draw Type :Connect ifC i
Deatvative GPf Choose Comp (E]) it Comp is not selected.
N

Areshe :Deg
<M| Jlec ][ Hex ][ Bin J[Oct ]

Frac Result is the setting that determines the form of a
fraction’s output that is larger than 1 or smaller than -1; d/c
for improper fractions or ab/c for mixed numbers. Choose

Derivative :Off d/c ([F1)) or ab/c ([F2)) as required.
Angle :Deg 4
EEZ:]IH!EI B Hathibegdlornd (d7c)Real B FatiPedfornd [EbiRea)
26,81 26,31
8 2 145 8 2 1
125 244
0 0
[ JUMP DELETE DMAVVCT] MATH] | JUMP JDELETEDMAVVCT] MATH ]

- Angle is the setting that informs the calculator which angle
Mode :Comp
Frac Result :d/c

unit you want it to use in calculations. There are three
S'}lg% RBS ;X;nnect options: Degree, Radian and Gradian. Choose Deg for
Derivative 14 middle school work. Choose Deg ([F1)).

1

T2
cos %
A3
0 D 2
Degrees Radians

Complex Mode:
Coord :
Grid

Display is the setting that provides information to the
calculator about the accuracy/form of a numerical output.
Repeatedly pressing Norm (@) changes the setting
between Norm1 and Norm?2.

Norm1 displays positive numbers smaller than 0.01 in
scientific notation. Norm?2 displays positive numbers smaller
than 0.000000001 in scientific notation.

1

B FeiiRadlorn] (R B FetiRadlomd GhRed
0.009 0.009
9e-03 0.009
0 0.0000000009
9e-10
d
[JUMP JDELETEDMATVCY MATH J [JUMP [DELETEDMATVCT MATH

Note that 9g-3 is the calculators form of scientific notation

(9x107) which is equivalent to 0.009.
For most purposes, Norm2 is the most useful display.
Choose Norm2.
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i Simplify is the setting that informs the calculator whether or
Complex Mode:Real 0 . . L
Coord :0n not you want fraction results displayed in simplest form
EQ‘; ;'g},’;.‘?e automatically. Choose Auto (E]) or Manual ([F2)) to
Label :0n ;
Display ‘Norm2 select Automatic or Manual.

:AutO If Auto is selected then:

JUMP JDELETE DMATVCT] MATH

If Manual is selected then:

El _MatiRadornd [sb/c)Real
10, 5
6

(2]
(=] =]
(=]
[

[

(o]
(=]

[

JUMP JDELETE DMATVCT] MATH

You can then see a series of steps of simplification using the
Simp command.

To find this command, press then open CALC ()
then > () then > () and then choose Simp (@)

EXE| to see one simplification and then again to see the
second.

Ans»*Simp

Ans»*Simp

]
[Int- [Rmdr| Simp |

The factory settings for the Run=Hatrix’ ,re shown below.

B B

p p Complex Mode:Real T
Mode :Comp Coord :0n
Frac Result :d/c Grid :Line
Fune Type (Y= Axes :Scale
Draw Type :Connect Label :0n
Derivative :0ff Display :Norml
Angle ‘Rad \

implify tAuto
All calculations petformed in this book, following this point, will be done with the calculator set to
Simplify Automatically.
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1.13 A first table of values and a graph

y=x>=9 is a quadratic function. What does the graph of y=x’—9 look like? We will begin as
follows, calculating each value mentally and then plotting.

:;cl-5~'+ -3 -2 -1 Do 1 2 3 4w 5
ylw 7 o 5 w985 07 Ik

x % X (4,7

|«

L
4
X

r
N\
¥

Now let’s see if you can replicate this table of values and graph on your calculator.
If the MAIN MENU is not showing, press (MENU) . Open the Table‘»i! application.

Note that the Y1 location is selected and the calculator is
e Func :V=

< YI: [—] > waiting for you to enter a function.
vas Ly
/3 t—1
3‘5” - To enter an x for graph or table purposes we use the (L8]]

Y6 : [—1 key.
DELETE TYPE JSTYLE] SET Juf:IN3 Y

Gelfell Enter , , E], @ and to lock it in.

e Func :Y=
-9 [—1
v3: [—] Note that the equals sign appears as E rather than =. This

e E:i tells us Y1 is active (or selected) and a table will be made if

Y5:
RSt DELETE | TYPE [STYLE] SFT W3R requested.
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B FatiRedFornl) (dc)Res)
fable Funev= Now make the TABLE ([F6)).
Y1gx?-9 [—1]
v3: [—]
Y4 [—1
[—1
&13@
Use the cursor keys (&), (@), @, ) to navigate the
S table. Note that the table includes only integer values for
’ S 1< x<5.This is the factory set of x values that are used by
a4 7
— " i the calculator.
(FORMULA) NG I (DT | GPH-COm GPAEPT)
If you want to find the value of the function for a different
X v1 value of x then you can use the cursor keys (@ s @ s @ s
2 @) to select an x position in the table, type in the value
st00, - (@ (1] (0] in this case) and then .
(VR DELETEL ROW JI0oTill 330 e

Press to leave the table.

Instead of over-typing to find values, we can change the first x value, the last x value and the gap
between the x values in the table.

B HatiRadfom] ([5Fc)Read

B HaiRadfomd (dc)Real
Table Setting

;aBIe Setting

'3: [—1 ??!_
[—1 n :

[—1 Step :1
&1@
SET ([F5)) the Start, End and Step values to those shown above.

after each entry.
EXIT) and make the table again.

Start:-10
End :10

—1 (Gre)Real Use the cursor keys (@ , @ , @ , @) to navigate the
S 4 table.
‘ -7 40

-6.5 33.25
-6 27

Rl 21. 265
21.25

(N3 WA (EDTT (6PH-COM GPH-P)

GPH-PLT ([F8)) will produce a graph of the values in the

Yl
_vi table.
‘ -7 40

-6.5 33. 25
-6

ROl 21,25

ma&ﬁf@?& )
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(d7c) Real
¥

Not such a good view of the graph! You can see just two
points.

From the table you can see that this function produces values
as small as -9 and as large as 91.

The endpoints of the axes (or the view-window settings) are
not set up sensibly.

(F7c)Resd (F7c)Resd
_x v X v1
-0.5 -8.75 8.5 63.25
-9 9 72
0.5 -8.76 9.5 81.26
1 -8 5 [ 10 o1 "
FORHULA (N3 WSTR[ EDTT | GPH-CO AT FORHULA (N3 WSTR[ EDTT | GPH-CO AT

Now let’s set the axes/view-window sensibly.

<@ Window
'6.3
scale:1l
dot :0.03333333
Ymin :-3.1
max :3.

1
(INITIAL] CTRIG J/STANGRD) EED ST

=
View Windo

dot :0.05820105
Ymin :-30
max .

1Al

100
(INTTTAD) (TRIG ) STARDRD AT SR

View Window
max 11

10| .." b4

= ""0+-"" 10
YV-WINSKETC G=T)

[EXE]:Show coordinates
YI=x2-0 v

5 S T

10 = B TN =
¥=-7.5 “Oy=47.26

26

To see how the current axes are set up, we need to look at
the View settings.

To do this, press (and release) then @]

You can change the values of the axes endpoints, the left end
(Xmin), right end (Xmax) and the scale (the distance
between marks on the axis) of the x-axis and similar for the

).

Use the @ and @ arrows to move.

Change the values to those seen left.
after each change.

Note they are set a little ‘outside’ the x values of the table and
outside the minimum and maximum values of the function.

The scale on the y axis will now show a tick mark every 10
units.

to leave the settings, choose TABLE () and then
GPH-PLT ([F6)).

Press [SHIFT] to reveal the options of the screen menu.
You can Trace (E]) along the graph.

Use the @ and @ keys to move. Note the co-ordinates
of the position of the cursor are shown at the base of the
screen.

EXIT| when you are finished.



1.14 From function directly to graph

It is possible to draw a graph of a function without first having made a table of values on the

screen. If the MAIN MENU is not showing, press (MENU) . Open the

application.

The function entered previously in the Table application is also present here.
Use the @ to move the cursor off this function.

B EatiRadfen]  Rel

Graph Func :V=
Y&E%ﬁ—g [—]

Y3: [—]
Y4: [—1
[—1

Y5:
RSt DELETE T 1PE | TOOL [0 aTEEAE

Now de-select Y1.

Graph Func V=

Y2: [—1
Y3: [—]
Y4: [—1

: [—1

Y5:
[ e e Lo Losarmin

Define Y2 = —x*-2.

B EOfkdEm] Ea
Graph Func :V=
YiEx2-9
¥25-x2—2

Y4:

[—1]
[—]1]
[—1]
Y5: [—
DELETE TYPE | TOOL

—

There is a lot of wasted space, so
let’s change the axes endpoints.

)

Y1 is currently ‘selected’. You can tell this by noting that the

equals sign appears as E rather than =.
If selected, this function will be graphed.
In this case we want to graph a different function.

Rather than delete this function we will simply deselect it.
Place the cursor on Y1 (@) and then deSELECT (E])

Move @ to position the cursor in Y2 and

enter () (K67 (&3 (=) (2).
locks in the entry and also automatically selects this
function to be the one that will be graphed.

DRAW ([F6)) the graph.

To change the endpoints of the axes, press (and release)

B
v

10 10

That is bettet!

zof¥

-10 10

=130

(sHFT) then (F3) to access the V-Window settings and change
the endpoints to those shown below. -140 was chosen by

doing a quick mental calculation, (-11)’ -2 and then
decreasing this to give a little more space.

=]
View Window
t11

EXIT] and DRAW ([F6)).

Note that a ‘continuous’ graph is drawn in this case. The
calculator has actually made a table of lots of values in its
‘head’ - and then draws all the points. However they are so
close together (and there are so few pixels on the screen) that
the illusion of continuity is achieved.
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It is possible to draw more than one graph on the same axes.

from the graph and select both the functions that are entered.

SELECT Y1, so that both functions, Y1 and Y2, are selected.

[—1]
[—1]

TYPE ] TOOL JLolsay] IS0l

Now draw both graphs.
DRAW () the graph of both functions.
Y1gx%-9 [—1
Y25 -x°-2 [—1
Y4: [—]
Y5: [—
sling 0 E1ELTPE [T00L m)

Once drawn we can change the
axes endpoints by small amounts
easily.

Once we have a graph, we can make small changes to the

N 4 < axes by using the @, ®, @), ® keys. Try it out.

These two graphs seem to intersect. To gain a clearer view of
this we could alter our axes endpoints in the View-

settings or, we could use the options.
Now zoom into a section.
8 Gobdbnd Gd then ZOOM (@]) and choose BOX (E])
. Use the cursors keys (@ R @) to move the cursor to the
1 spot (approximately) shown below.
[our] =]

Then and use the cursor keys ( @ , @) to draw a

rectangle similar to that shown below.
g

Then to produce the graph, in the zoomed area.

Select range start point Select range end point
Y
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Now locate the points of
intersection.

v

10|

G-SOLV!

LiEZota] Z00M JV-WIN]

Notice the cursor at the
intersection points. You can
select both.

[EXE]:Show coordinates

V1=x2-9 y
Y2=-x2-2 10

20
X=-1.870828693 Y¥Y=-5.5

SHIFT) reveals some options at the base of the screen. Choose

G-SOLVE (@) to reveal a series of things connected to the
graphs that can be calculated. To find the intersection points,

use INTSECT ((F5)).

@ to move the cursor to the other intersection point.

B [EXE]:Show coordinates
9

Yi=x2—
¥2=-x2-2

v
10

X=1.870828693

20|
-5.5

INTSECT

Use the @ and @ keys to move between the intersection

points.

EXIT| when done.

Below, the two graphs from above have been redrawn, but the (@ key has been used to change
the axes end points so that neither of the intersection points are on screen. Note what happens

when we try to calculate them.

B

>

B

- = = B

.g~.~‘~‘

B

Not Found
Press: [EXITI]

Key features of graphs, like maximum values, intersection points and so on will not be calculated by

/

this calculator unless they are visible on the screen.
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1.15 Solving an equation in Equation

In the previous section we found the intersection points of the graphs of the functions y=x>-9
and y=-x"—2. Decimal approximations for the points of intersection were found. We could

have approached this by solving the equation x*—9=—-x>-2 as follows:

A
= in*q = -1
=

= 2x* = 1 0side q"—i X‘F/
> 761 - 1 L+

2

N . A
= + [ = - T
= x = _,Jz 2
':) x = Rs ‘“”‘,

The calculator can produce the solutions to an equation like this without the use of a graph. It
can also give the exact form, as in the solution above.

i aXx'+bX E%:
If the MAIN MENU is not showing, press @] and then launch the | Equation application.
This application can find solutions to simultaneous equations
Equation

and polynomial equations, as well as some other equations
lect Typa that fall into neither of these two categories.

Se
Fl:Simultaneous A i ion i i POLY .
F% Slmultoss quadratic equation is a polynomial, so open PO (@])

POLY

A quadratic is 2 2" degree polynomial, so choose 2 ([F1)).

No Data In Memory

A matrix is supplied to enter the coefficients of the quadratic

equation when in the form ax’+bx+c=0.
So in this case we enter the coefficients 2, 0 and -7.

after each entry.

-7
=~ Now SOLVE ([F1)) the equation.

0
g
:

Both solutions to the equation are shown. Use the @ and
) keys to select the solution for which you want to see the
exact result.

14 ) M changes the exact form to a decimal approximation with

more decimal places than shown in the table.

B Effdfm]) [Cfa
aX2 +bX+c=0

Xl[l . 8708
X2

X1[1.87OS
X2

(REPEAT)

-1.870828693
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2. Working with
data in Statistics

El _MAIN MENU
X = 1 B 4
- TR

Run-Matrix [St eActivity Spreadsheet
XY1Y2 7 Sn= E
8
Graph Table Recursion
Conic Graphs Edhation Prog}an1 Fiﬁéncial v
=
List 1 | List 2 | List 3 | List 4
SUB| ALI ORA
1 -2
2 4 15
3 2 11
4 11 7

3
[RECTe]% [ EDTT ) (DELETE) PR NSERTI D> ]

B
StatGraph2

. .1‘9




2.1 SET UP in Statistics

Launch the 'Statistiest] application.

Enter the

menu by pressing (and releasing) (SHFT| then (MENU).

Use the cursor keys (@ , @) to move up and down the list of settings.

List File

When the Stat Wind setting is set to Automatic, the

Fc esult

Sub Name n

Frac Result :d/c

Func Type =

TS unc On N
(| (Auto |Minual

E]

Stat Wind

tAuto

d/c
Func Type Y=
Func :0n N
[ FILE
B
Stat Wind :Auto
Resid List

Fuﬁé Type

:None

D n
e S FYITH K

Func On NA
(mrm

Stat Wind tAuto
Resid List :None
List File :Filel
Sub Name :0On

Frac Result :d/c

Func Type LYY=

rap unc c0n

| On_|[ Off |

calculator will determine a sensible set of values for the axes
end values, based on the data entered.

Automatic is the most helpful setting in most cases.

Choose Auto (E]) to set this to Automatic.

When the List File setting is set to Filel, the calculator is
displaying the 26 lists that ate collectively called Filel.

Six files of twenty six lists exist.

Choose FILE (E]) to change the set of lists being displayed.

When the Subject Name setting is set to On, each list is able
to be given a text name. This is most useful.
Choose On (E]) if this setting is not set to On.

When the Graph Func setting is set to On, the name of the
graph drawn will be displayed when it is being drawn or
traced.

Choose On (E]) if this setting is not set to On.

Press to leave the SET UP menu.

The factory settings for the 'Sttistics] are shown below.

Stat Wind :Auto
Resid List :None

List File
Sub Name

Frac Result

Func Type

Graph Func

(Auto |[Manual]

‘Filel

:0n
:d/c
(y=
:0On N

B B

Background :None T Complex Mode:Real T

Plot/LineCol :Green Coord :0n

Sketch Line :Norm Grid :Line

Angle :Rad Axes :Scale

Complex Mode:Real Label :0n

Coord :0n Display :Norml
rid :Line Q1Q ype B d

[ On_J{ Off J( Line | [ Std |[OnDatal
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2.2 From data to boxplot

Ali and Ora compete in a challenge to see who can best estimate one quarter of the length of a
strip of paper.

They are each presented with 16 paper strips 210 mm long. Each strip is held in front of them,
one at a time, and they must cut the strip with scissors. They are not allowed to measure or take a
lot of time. Rapid fire cutting and estimating is required.

52.5 mm is exactly one quarter of 210 mm. Not surprisingly, the lengths Ali and Ora cut were not
all this length, but they varied.

52.5 mm was subtracted from each length cut by Ali and Ora to determine the error in each
estimate. The data is shown below.

Ali’s
errors | 3 4 2 11 |9 9 11 |11 |8 5 8 9 8 16 |7 9
(mm)

Ora’s
errors | -2 |15 |11 |7 2 9 5 9 15 |6 3 110 | -11 |1 6 7
(mm)

Who do you think is the better estimator of one quarter, based on these data?

To help us decide we will draw some plots and calculate some summary statistics.
@ _||I_ 2
If the MAIN MENU is not showing, press (MENJ]. Launch the 'Statisties? application.

If data already exists in the lists then we need to delete it.

(d7c)Real
List 1 [ List 2 [ List3 [ List4

6 5
5 1

1
2
3 SH
4 . .
The deleting tools are in the screen menus that are currently
@ hidden. To reveal them press [> ().

e[ Place the cursor in the List in which the data you want to
List 1 | List 2 | List 3 | List 4

SUB delete resides and open DEL-ALL ()

6 5

5 1

1

2

8 8 Choose Yes .

3§ cmm— (ED. -

TOOL JHbIl] DEL-ALL > sulDeleii'|i t?

1 I 1 1

IS CEDIT L B PR
Repeat until all data is deleted from at least List 1 and List 2.

Press [> () twice to return the first set of screen menus.
=] ([G)Resd
List 2 | List 3 | List 4
sus

1

2

3
4

GRAPH] CALC/ TESTJ INTR J DIST JEN=]

33



We can now enter the data.

We will start by entering the people’s names in the SUBject line.

B (d7c) Real
B RadNorml] (dic]Real

I S N S T e A T 3

SUB| ALI

Y 1

ORJ‘K\

r16])
List 1 | List 2 | List 3 | List 4
SUB|ALI ORA

1 3 0
2 4

o)

GRAPH] CALC J TESTJ INTR J DIST JINEME|

(d7c) Real
List 1 |List 2 | List 3 | List4

SUB[ALI ORA
14 16 -1 -
15 7 e(

186 9

17

[e
ROToT% [ EDI T )(DELETE) BREEININSERTI &> ]

Use the cursor keys (@ , @ , @ s @) to place the

cursor in the SUBject line of a list.

A key can be used to enter a text character if it has a red
letter above it.

SHIFT
The red key must be

pressed first.

Or then [ALPHA] to lock text i

mode on.

[Al-Lock

Press |SHIFT| and to turn the lock text mode on.

Type in the name and press to finish.

] (FFc)Real

0
TESTLINTR ] DIST /N3]

Place the cursor in cell 1 of List 1 and begin entering the
data.
Press between each entry.

(GFe)Real

List 1 | List 2 | List 3 | List 4

SUB|ALI ORA
14 16 -1
15 7

i
GhapH] GALC [TESTLINTR | DIST Jmoa
But what if I make a data entry error? See below for help.

If you make a data entry error, place the cursor on the error
and type the correct value and press .

If you need to delete a value, use > () to reveal the
editing screen menu.

Place the cursor on the number in error.

Use DELETE ([F3)) to delete it.

Note you can use INSERT (@) to insert a number in a list.

Make sure you have entered all of Ali and Ora’s data seen on the previous page.

Set the axes endpoints (View

settings) to the initial settings.

View Window

max 6 3
scale:1l

dot :0. 03333333
Ymin :-3

TR e I AT

I\
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(SHFT) then (F3)

Choose INITIAL ([F1)).

Even though the graphs drawn in Statistics will auto scale as
a rule, doing this is wise as for some plots the scale marks are
not auto scaled.

EXIT| to leave the View settings menu.



Now make a graphical display to compare the data. We will draw two boxplots, side by side.

Open the GRAPH (E]) menu.

Open the Set () menu.

We have to tell the calculator what type of plots we want.

Here we set up StatGraphl.
(@ to the Graph Type setting.

Use > () to reveal other options.

Choose MedBox (@)

~

The Graph Type setting should say MedBox.

The XList should be set to List1.

(@) to move the cursor to the top position. Now we set up
StatGraph?2.
Choose GRAPH2 (@])

~

(® to the Graph Type setting. Use [> () to reveal

other options.
Choose MedBox (@)
The XList should be set to List2. @ and change.

~

= Change the colour of the Box and Whisker to Red.

EXIT

to leave this menu.
=] (de)Reall

List 1 | List 2 | List 3
SUB|ALI ORA
14

List 4

15
16
17

SET

Now open SELECT () to choose which plots to draw.

Set StatGraph1 and StatGraph2 to be DrawOn.

B  Fedfomd [@rJRed
List 1 | List 2 | List 3 | List 4
SUB[ALI ORA
14 16 -1
15 7 6
16 9 7
17 —_—
[GRAPH] | TEST INTR J DIST /=S|
B  Fedfomd [@rJRed
List 1 | List 2 | List 3 | List 4
SUB[ALI ORA
14 16 -1
15 7 6
16 9 7
17 —_—
[GRAPHT) GRAPHZ)GRAPH3) BIEE) SET
:Scatt
:Listl
YList :List2
Frequency H |
Mark Type i
Color Link :0ff
[catter]xyCine]NPPIctlPie ] =]
B RadFomd (dFc)Read
StatGraphl
T e
s :Lis
Frequency H | 'K\
Qutliers :0ff
Box :Black
Whi :Black
MedBox [N=Dist)Brokenl &> ]
—
B RadFomd (dFc)Read
Graph Type :Scatter
XList :Listl
YList :List2
Frequency 01
Mark Type ‘0
Co ink :Off N
[GRAPH2)
B Radfomd (dFc)Read
StatGraph2
Graph Type :MedBox
XList :List2
Frequency H |
Qutliers off
Box Red
Whis :Red
(His{_)MedBox( Jar [N-Dist|Broken]
S
] RadFomd) (dFc)fReal
StatGraphl | :DrawOn
StatGraph2 E=DxauOs
StatGraph3 :DrawOff

E=ria

Choose On (E]) Then DRAW () to see the plots.

=] (FFe)Real
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We will now trace the boxplots to see what they reveal.

First notice the Cartesian plane axes are ‘in the way’.

However, the x-axis is helpful in displaying the key values
displayed by the boxplot.

Budliel) Gl Use (&) to reposition the boxplots.

Press [SHIFT) to open some useful screen menus.

_— Choose C (E])
_—The cursor appears on the minimum value of StatGraph1’s

boxplot.

Use the @ @ keys to see other critical statistics.

E Rad|Norm1) [Reall
%’ﬂ@-i Use the (@) (&) keys to swap between boxplots.

Write down the 5-number summary for each person’s data.

Do these values help you decide who is the better estimator of one quarter of the length of a 210
mm paper strip?

to leave the plot screen and return the screen menus to the first level for the STAT
application.

E] el I A
List 1 [ List 2 | List # [ List 4
SUB[ALI ORA

GRAPH] CALC J TESTJ INTR J DIST /Il
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2.3 From data to summary statistics

In this section we assume you have entered the data from Ali and Ora’s challenge seen in section
2.2. If you have not, then go to section 2.2 and enter the data.

We will now see how to calculate a set of summary statistics for Ali’s data (List 1).
y

B RadMorni) [d7c)Real

List 1 | List 2 | List 3

List 4

SUB|ALI ORA

14 16 -1
156 7
16 ]

7
v -

INTR J DIST JHN=NE|

B RadfForni) [d7c)Real

List 1 | List 2 | List 3

List 4

SUB|ALI ORA

SET

=] RadMorn) [d7c)Real

1Var Freq :
2Var XList
2Var YList
2Var Freq

LIST

(d7c)Resl
1Var XList
1Var Freq :
2Var XList
2Var YList
2Var Freq

e

Be sure you can see the screen menus shown opposite. If not

press |EXIT| until you can.
If you reach a point where does nothing and you

cannot see these menus, press .

Open the CALC (@) menu.

Open the Set () menu.

We have set which list we want the calculator to calculate
with.

We will focus on one variable at a time.

Set 1Var XList to be Listl.
Open LIST (E]) if it is not set correctly.

@ to 1 Var Freq. It should be set to 1.

Use 1 (E]) if it is not set correctly.

This setting means that each number in the list is a single
strip of paper (in this case).

EXIT

this screen.

B (d7c] Real

List 1 | List 2 | List 3

List 4

SUB|ALI ORA

SET

Use 1VAR (E]) to calculate the summary statistics.

(d7c)Reall
= 1-Variable
minX =2 T Med =8.5 T
Q1 =6 Q3 =10
Med =8.5 naxX=l6
Q3 =10 Mod =9
maxX =16 Mod :n=1
= 4 |Mod : F=4

Highlighted above are the sample mean (X ), sample standard deviation (s), 5-number
summary and mode. The summary also tells us there is a single mode (n=1) and there are 4
values of that modal score.

EXIT| to leave this screen.
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Repeat this process for Ora’s data (List 2).
Ll — Should be List 2, not List 1.

Open LIST ([F1)).

=] RadMorn [d7c)Real
1Var XList :Listl

Select List No.
List[1~26]1: 2|

)

m
><
m

1
2
2
2

LIST

[Era]rm] EXIT

1Var Freq 1
2Var XList Li
2Var YList :Li
2Var Freq 01

LIST

) 1VAR ((F1))

List 1 | List 2 | List 3 | List 4
SUB| ALI ORA

-2
15
11

REG SET

Check your results against those seen below.

E] RadForml) (d7c)Real E] RadForm) (d7c)Real B RadForml) (d7c)Real
List 1 | List 2 | List 3 | List 4 1-Variable 1-Variable

SUB[ALI ORA minX =-1 0 Mod =6

1 -2 Q1 =0.5 Mod =7

2 4 15 Med =6.5 Mod =9

3 2 11 Q3 =9.5 Mod =15

4 11 7 maxX =15 Mod:n=4

3 Mod =6 J Mod:F=2

-VARIZ-VARIIGED SET

to leave this screen and return the screen menus to the first level for STAT.

38



2.4 From data to scatter plot

Suppose the following data results from a process where the value of y is partially determined by
the value of x. Therefore, we might assume we could determine a rule for calculating y if given x.

Take a look at the data.

Can you determine a rule from looking at the data?
If you think about it, you might be able to.

x ) 2 3 iy s 6 7 8
\\1 )2 224 2L) 35 Y6y s 59

N V2 VAV NN o
10v¢ 327 87 ) %9 4 9
ﬂVMage/ J'Vm/b - 8 , Ma7£¢ i)l 18 a linean role 7

Majbp y= 8¢ 4+ 0 7

Let’s now proceed by making a scatter plot of this data and seeing what it looks like.

If the MAIN MENU is not showing, press (MENJ]. Launch the Statistics application.

If data already exists in the lists then we need to delete it.

List 1 | List 2 | List 3 | List 4

6 5
5 1

1
2
3 SH
4 . .

The deleting tools are in the screen menus that are currently
ﬁ hidden. To reveal them press [> ().

(dF]edl Place the cursor in the List in which the data you want to
List 1 | List 2 | List 3 | List 4

SUB delete resides and open DEL-ALL ()

6 5
5 1

1
2
: SH Choose Yes ([F1)).

TOOL JHbIM] DEL-ALL > sulDeleiii

(1001 Juania ataiahe s mem)
Repeat until all data is deleted from at least List 1 and List 2.

Fadborn]) [37c)Fesd

Press [> () twice to return the first set of screen menus.
=] ([G)Resd

List 2 | List 3 | List 4
sus_

B!
1
2
3

4

(e D
PH TESTJ INTRJ DIST @
T
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We can now enter the data.

We will start by entering the variables names in the SUBject line.

(d7c] Real
& RadMormi] (dic]Real

I S N S T e A T 3

SUB X

1

’ B W N o

&
List 1 | List 2 | List 3 | List 4
SUB|X Y

1 1 0
2 2

)

GRAPH] CALC J TESTJ INTR J DIST JENENE|

Use the cursor keys (@ , @ , @ s @) to place the

cursor in the SUBject line of a list.

A key can be used to enter a text character if it has a red
letter above it.

The red ALPHA key must be Sl
pressed first. [A]-LocK
Or, SHIFT ALPHA to lock text ALPHA

mode on.

Press and to turn the text lock on.

Type in the name and press to finish.

0
GRAPH] CALC / TEST DIST /I

Place the cursor in cell 1 of List 1 and begin entering the
data.
Press between each entry.

List 4

55
59
68

GRAPH] CALC / TESTJ INTR J DIST JEN=a]|

We will now set up and draw a scatter plot.

List 1 [List 2 [ List3 [ List4
SUB[X ¥

2] 6 55
7 7 59
8 8 68
9

GRAPH TESTJ INTR J DIST /HI=N|

List 1 | List 2 | List 3 | List 4
SUB| X Y
6 6 55
7 7 59
8 8 68
o .

(GRAPHT) (GRAPHZ) GRAPH3) ) SET

40

Open the GRAPH (E]) menu.

Open the Set () menu.

We have to tell the calculator what type of plot we want.



E] RadfornD) (dFc)Real
StatGraphl

Gra T
XList
Frequency

Med
'Il,is
Qutliers ;0t‘f
B :Bla
Bla

RadfornD) (dFc)Real
tatGr%' 1

YList
Frequency
Mark Type His|

Color Link :0Off J
=3

B RadForn] [d7c)Real
List 1 [ List 2 [ List3 [ List4
SUB[X Y

6 6 55
7 7 59
8 8 68
9

.
[E:2REK [ SELECT

2\

B RadForn] [d7c)Real

——= Here we set up StatGraphl.

(@ to the Graph Type setting.

Note this screen shows MedBox now — wrong!
Choose Scatter (E]) to change it to Scatter.
Now Graph Type is correct, Scatter.

The XList should be set to List1.
The YList should be set to List2.

If not, open LIST (E]) and change them.

from this screen.

We can now draw the scatter plot. Since we are only drawing
one graph, we do #of need to SELECT and turn graphs on.

Simply use GRAPH1 (E]) to draw the scatter plot.

So, it appears as if the data may be related linearly.

Remember I thought that the rule might be y=8x+4. Let’s draw that function over the data and

see if my thinking was correct.

B RadForn] [d7c)Real

E] RadfornD) (dFc)Real

Graph Func :Y=
Y1
Y

e T e
i8x+4 [—]

3: [—]
Y4: [—]
Y5: [—1
Y6: [—1
[DRAW]

B RadForn] (d7c)Real

Open the DefG ([F2)) menu.

Note to enter an x for a function we use the m key.
Enter (a].

E to lock it in (select it so it is active).

Now use DRAW () to draw the graph.

Not bad!

to leave the graph screen and return the screen
menus to the first level for STAT.
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2.5 Least squares line

In this section we assume you have entered the data from section 2.4 and worked through the
process it illustrated. If you have not, go back to section 2.4.

The calculator can calculate the least squares line (a straight line of best fit).

First we make the scatterplot.

] Radorn1) [d7c)Real

List 1 [List 2 [ List3 [ List4
SUB[X ¥

1 12

2 2| 22.4
3 3| 26.1
4 4 36

1
GRAPH TEST ] INTRJ DIST /I

] Radorm) (d7c)Real
List 1 | List 2 | List 3 | List 4

SUB X Y

12
2 22.4

[(0R) SELECT

il

E] RadMorn) [d7c)Real

] Radorn) [d7c)Real

E] RadMorn) [d7c)Real
y

=}

Ear i )

B Radornl) (d7c)Real
LinearReg (ax+b)
a =8.009523

8
b =4.40714285
r =0.99573041
r2=0.99147905
MSe=3.85936507
y=ax+b

42

Open the GRAPH (E]) menu.

Use GRAPH1 (E]) to draw make the scatterplot.
We have already set this up in Section 2.3.

We have to tell the calculator what type of plot we want.

Open the CALC (E]) menu.

Open the X (@]) menu. This is the least squares menu.

Choose ax+b (E])

The details of the least squares line is given.
Pretty close to my original thinking!
We can copy the equation into a function slot for later use.

Choose COPY (@)



[—]1]
[—]
[—]
[—1

E] RadMornD) (dFc)Real

Graph Func :V=
Y1i8x+4 [—]
Y3:

Y4:

Y5:

Y6:

5] RadForn] [d7c)Real

=8.0095238
.40714285
. 99573041
.99147905
.85936507

[
|
WOOh

M
y=a

RUS=OT
+0 N

o

LinearReg (ax+b)

(DRAW)

i

b

B RadForn] (d7c)Real

@ to the Y2 position.

will perform the copying process.

DRAW () the scatterplot with the least squares line over
the top.

Of course just because we have a line of best fit, does not mean is it a good model for the data.
To be a good model, we would want the data to be randomly scattered above and below the line,
no patterns. And we would not want the data points to be too far from the line (vertically).

To see how this data fares in this sense, we could look at the residuals and a residual plot.

(EXIT] (EXIT] (EXIT] [EXIT] to leave the graph screen and return the screen menus to the first level for

Statistics.
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2.6 Residuals and a residual plot

In this section we assume you have entered the data from section 2.4 and worked through the
processes illustrated in section 2.4 and 2.5. If you have not, go back to sections 2.4 and 2.5.

The calculator can calculate the residuals associated with a least squares line. First we turn on the
residual mode in

Open the 'Statisticst] application and enter the menu by pressing (and releasing) |SHIFT
then @] . Use the cursor keys (@ , @) to move up and down the list of settings.

ta Wd :uto gurren‘ﬁy Eless%d [é’i is set to None.

esid s :None
List File ‘Filel pen the (L£2)) menu.
Sub Name :0n
Frac Result :d/c
(l-;unc Type :(‘g=

T 3P c :0On N2
L2l 5)
.
N et Wind  —Auto Ent(.er (8] to store the residuals that are calculated
f*’ T — in List 3.
S
£ , : EXE
Graph Func :0n N
.
et Wind ATto / List 3 should now be chosen.

C
List Fiqe :Fiiel .
Sub Name :0n EXIT| to leave this screen.
Frac Result :d/c
Func Type 'Y=
Graph Func :0n N
G Open GRAPH (E]) menu.
List 1 | List 2 ) List 3 \List 4

S N | — Choose GRAPH1 ([F1))

2 2| 22.B/1.0738 Open CALC (E]) menu.

3 3 26.1| -2.336

4 4 34| -1.445 Open the X (@) menu.

1

Choose ax+b ([F1)).

EXIT| and the residuals should have been calculated.

Open SET ([F6)) to set up a graph of the residuals.

M = 7, ey U 17—
STaTCr o g e To set up StatGraph2, choose GRAPH2 ((F2)).

Graph Type :Scatter Change each setting as required to be the same as those
XList :Listl
shown left.
Mgﬁﬂuﬂgﬁ ‘0 EXIT) to leave this screen.
r Link :Off ¥ Use GRAPH2 ([F2)) to draw the residual plot.
And there it is; a residual plot to consider.

) a 2 3 4 S 3 T a8
o ]
a




3. OPTN key,
random numbers,
histograms

MAIN MENU

S =R =R

an= B
An+B

Recursion

— T e
ConicGraphs Equation  Program  Financial v

-
LIST JMAT/VCTICONPLEX! CALC J STAT /I ‘

Trace Zoom V-Y¢indow Sketch G-Solv G—T

FI) F2 F3 F4 F5 e

PRGM SET UP
SHIFT. OPTN VARS MENU
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3.1 Navigating the OPTN menus

Open the RunMatrix’ application.

(d7c) Real
U

< JUMP JDELETE DMATVCT]

S—

You can see the first level of screen menus for this application.

Press the option key, , on your keypad. It is just right of the yellow key. You will
notice that the screen menus change to the OPTN set.

El (eb/dReal

LIST JWAT/VCTICOMPLEX] CALC J STAT JIl

i oom V-Window Sketch G-Solv

FI) /@ 3 F4 s
\_/

. . LIST
Notice the style of the first five options.
White text on a black rectangle with the corner cut off.

This indicates that the option is a menu and can be opened to reveal more options.
The menus can be opened by pressing the F keys directly below them

FB6

Open the LIST menu (E])

)] Notice the options now take a different form. No corner is

cut off the rectangle.

This indicates it is a command as opposed to a menu.

[ List [[st->Hatl Dim [ Fill(] Seq (=

2B Press |EXIT) to close the menu you are currently in (i.e. to go

back one step in the menus).

LIST JMAT/VCTICOMPLEX] CALC J STAT Il

(dlc)Real

Press [EXIT) to close the menu you are currently in. This time

we arrive back to the first level screen menu for the
X+ 1

Run=Matrix’ application.

JUMP JDELETE PMATVCT] MATH
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3.2 Random numbers

Launch the ' Run-Matrix application. Press key.

B iR
0

Hornd) [d7c)Real

N
LIST JMAT/VCT/COMPLEX] CALC {5 )

The sixth option, El, indicates there are more options at this level hiding around the corner.
We will represent this option with [> ( (Fe)).

Press [> ()

B HatiRadfom) [clRel

CONVERT, PROB ANGLE /I

B HatiRadorn] (FeclReal
.

=
[ _x! | nPr [ nCr [RAND (=

Open the PROB (@) menu.

We can see three commands, one menu (RAND) and [>.
The three commands are the factorial command, the
permutation command and the combination command.

Calculate
a) 12!
b) P
o CY

B HatiRadfen) [clRel
12!
479001600
30

86493225

2
6P2
30C12

RAND

Open the RAND () menu.

B HfiRadfon) [elRel

479001600
6P2
30
30C12
86493225

=
Rant| Int Norm Bin | List Semp|

Enter (1] (2] x! (E]) .
Enter (6] nPr ((F2)) (2] [xg.
Enter @ @ nCr (@) E] @ .

This menu provides a variety of options associated with
generating pseudo-random numbers.
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Let’s simulate the rolling of a fair die. To do this, we will generate pseudo-random integers

between 1 and 6 inclusive.

The answers you receive will be different to mine, due to the pseudo-random process used.

RanInt#(1,86)
RanInt#(1,6)

u
Reu 7] ot Dorm Bin |List

Enter:

Int(@) and then (1] (2] (6] .

Pressing repeatedly performs the previous calculation
and so we can roll many dice!

We can also generate a list of simulated dice rolls.

B FatiRadform] (dic)Res)
RanInt#(1,6

RanInt#(1,6)
RanInt#(1,6)

Ra 1,6,120)|
| Bin |List/

Enter:

nt@E) OO 0000 O
Press.

B HtRdfm] (@Rl

A list of 120 “dice rolls’ is produced. Use the @ and @

keys to navigate.

Press to leave the list.

RanInt#(1,6)

RanInt#(1,6)

@ to enter the next working line.

HatRadforn] (97c)Rea)
1,6

RanInt#(1,6)

RanInt#(1,6,120)
List Result

]
[Ran# Int [Norm| Bin [List]

Simulate the production of 20 cans of soft drink; well, the volumes in the cans at least. Suppose
the volumes are distributed normally with standard deviation 3 ml and mean 380 ml.

B HatRadferm] (dc)Real
RanInt#(1,6

RanInt#(1,6,120)
List Res

RanNorm# (3,380, 20)

6380.811677,377.85

Enter:
Norm (@]) and then

BUCEEE0O B0 O

EXE| to make the list.

Note that this time the list is big enough to be presented on

the screen. Use the @ and then @ and @ to navigate
the list.

It would be nice to be able to analyse data like this, maybe make a histogram or boxplot of the
data. We will do this in the next section.
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3.3 Random numbers and the histogram

This section follows from the previous so we assume you have completed section 3.2.
Notice that the number generated in the last calculation below has 8 digits after the decimal.

(97 Reall
RanInt#(1,6

RanInt#(l,E

i
RanNorm# (3, 380,
{380.811677,377.

O
[Ran#| Int [Norm| Bin |List

For our purpose, the volumes of cans of soft drink, this is a tad extreme. ©

Open the menu.

Complex Mode:Real T

Eria’ %)

r :Line

oS iglne. SHFT) and (MENU).

Label :On

D

ify tAuto = Change the Display setting to Fix 1, so that the values

( (Horm ) Ena | produced will only have 1 digit after the decimal place.

to leave this menu.

RanInt# (1 6) @ to select the previous input line.

RanInt#(1,

RanNorm# (3
6378.5,378.

DEL-LINEIDEL-ALL

1
ult EXE| to recalculate.

¥~ Note the values are now rounded correct to 1 decimal place.

Oul®
We can analyse data like that calculated above in the Statistics.’ application.
Ol *

Press (ENJ] and open the Statistiest application.

Open the menu.
Stat Wind ‘Auto
Resid List :List3

LA Y —— SHFT) and (MENU).
llf_‘rac l%esult :g/c

unc Type  :V= - : . . :

Func :0n e Change the List File setting to File3 using File.
File3 is a set of 26 lists. We do this in case you had data in

the File set that was chosen previously.

to leave this menu.

Let’s ‘roll’ a dice 120 times and collect the results.

Bifel el (@ the cursor to be positioned in the header of List 1.
List 2 | List 3 | List 4
SUB
; The cursor z#st be in this position when entering a
s command that will fi// a list with data automatically.

RETST® (EDTT ) DECETE )RR [NSERTI B ]
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Now we need List 1 to be filled with 120 ‘dice rolls’. Open the menu.

Radfornd (dc]Geb)
List 2 [ List 3 | List 4

LIST JCONPLEX) CALC PROB

Radfornd (dc]Geb)
List 2 [ List 3 | List 4

|_x! | nPr] RAND =3

SUB
1

2
3
4

SUB
1

2
3
4

Radfornd (dc]eb)
List 2 [ List 3 | List 4

Ran ot o Bin | List Sam)

RadFix]) ([dc]Real
List 2 [ List 3 | List 4

SUB
1

2
3
4

SUB
1
2
3

4
RanInt#(1,6,120)

Open the PROB (@) menu.

Open the RAND () menu.

We will use the Int (@]) command.

Enter:

mt([F2)) (] () (6] () D (2 (@ BJ.
to fill the list.

SUB!

RadFix) [(97c)Real
List 1 [ List2 | List 3 | List4
L

4
2 2
4
4 2

4.0
[Ran#| Int [Norm| Bin [List [Samp]

Use the @ and @ keys to navigate the rolls.

[EXIT] [EXIT| (EXIT) to return to the first level of menus for the

application.

Many people believe a six is hardest to roll on a dice. Is it really? How many sixes did you roll?
To find out we will make a histogram of our ‘rolled” data.

List 1 | List 2 | List 3 | List 4

List 1 | List 2 | List 3 | List 4

« N
(R GRAPH AP

50

Open the GRAPH (E]) menu.

Open the SET () menu.



et
StatGraE 1

XList :Listl
Frequency 01

LO10I° L1IlK <UL L

Hist Area :Blue/L
HistBorder :Black
(Hist )MedBox)[ Bar J[N-Dist|Brokenl &> ]

B RadFil) (d7c)Real

List 1 | List 2 | List 3 | List 4
SUB
2] 2
7
8 2
9 1
6.0
(Gl gz

. T~ 0
(GRAPHT) [GRAPH2) GRAPH3) I SET

5] RadfFicl) (d7c)Real

=] RadFixl) [d7c)Real
$tatGraphl

Set up StatGraph1 as shown opposite.
Graph Type: Histogram.

XList: List 1

Frequency: 1.

EXIT| to leave this screen.

Use GRAPH1 ([E]) to draw the histogram.

The calculator will ask for the starting value of the first ‘bin’
and then the ‘bin width’. Set each to 1 since our data are
integers from 1 to 6.

EXE| to draw the histogram.

But how do we know the number of rolls that were a six?

Press [SHIFT] to reveal the shift menus of the I keys.

V-WINJSKETC

E=1

Use Trace ( [E]) and the @ and @ keys to navigate the
histogram.

So you can see that we got 32 sixes. You will have got a
different number though as your pseudo-random numbers
will be different to minel!

So, do you think a six is the hardest number to roll on a dice?

Now fill List 2 with another 120 ‘dice rolls’. Make a histogram and see if the results are different.
Remember to set up StatGraph 2, nof StatGraphl, keep that for List 1.

=] RadFil)  (d7c)Real
List 1 JERES List 3 | List 4

SUB
1
2
3

4 2
RanInt#(1,6,120)

LR

=] RadFix)  [(dFc)Real [E] RedFix)  [(d7c)Real
List 1 |List2 | List3 | List 4
SUB
1 4
2 2 5
3 4 2
4 2 6

2.0
2 Gl G223 SELECT
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3.4 Summing two lists.

This section assumes that you have carried out the task in the previous section.

If we rolled two dice 120 times and summed the faces of each roll, what would be the most
frequent sum returned? If you think about it I bet you can work it out.

oWV Eow N~

I
2
3
N
S
6

co~d SV £ w|p

S o] ™ N £

b 5 ¢

s 6 7

6 7 8 Looks );’L’e l* Inm][)e
7 8 9 7!

9 ? /b

9 o NI

lo I 12

Let’s see if practice matches the theory.

List 1

RadfFix])

List 5 ist 4 |
7

N BN S

1
4
1
3

[Ran#| Int [Norm| Bin |List [Samp

RadFix])

List 1

List 2 s List 4 |

SUB

1
2
3

BN

4 2 3
List 1+List 2

— g

RadFix]) [dFc)Real

List 1

List 2 [ List 3 | List 4

SUB

N BN S

1
2
3
4

GRAPH

5

1
4 6
1
3 6

5.0
TESTJ INTRJ DIST /SN

RIFE)  Eofa
S2xtGraph3

O = Ed
[s) L1 2 2 4 5 6 7 @8 2 10 1112 12 14
K=y £=20

Position the cursor in the header of List 3.

Look above the number 1 key on the calculator. You will see
the word List. It is activated using the key.

We will use this to enter our commands for List 3. Enter:

o) (0 () () (e (1D (2)

EXE] to see the resulting sums.

Open the GRAPH (E]) menu and set about making a
histogram of the data in List 3. Set up StatGraph3.

] FadFi
StatGraph3

Graph Type :Hist
XList :List3

Frequency 01
(.Jolor Link (O f

Well, in my single set of rolls it looks like the practice did not
match the theory, this time. Twenty of my rolls ended in a
sum of 7, fewer than summed to 9. How did your experiment
turn out?



3.5 Leaking bags — binomial distribution

It is claimed that 1 in every 10 plastic bags made by a company are not water-tight — they leak.
The bags are sold in packets of 50 bags.

If I was to buy 100 packets, how many ‘leakers’ might I expect in each of my 100 packets?
My guess would be around 5 in each packet. Would yours?

If we assume that the packaging process is a random-like process, then we could use the binomial
distribution to help us think about what might happen.

Press [MENU) and open the |Statisties? application.

Find an empty list. We will use List 4.

=] RadFix)  (d7c)Real 7~
List 1 [ List 2 | List 3
SUB
1 4 1 5
2 2 4 6
3 4 1 5
4 2 3 5

GRAPH] CALC J TESTJ INTR J DIST /I

RadfFicl) (d7c)Real

List 1 | List 2 | List 3
SUB
1 4 1 5
2 2 4 6
3 4 1 5
4 2 3 6

LIST JCONPLEX] CALC PROB

RadFixD
List 1 | List 2 | List 3

N BN S
W - o
o oo

RadFil) (d7c)Real
List 1 | List 2 | List 3

5
6
5

W - o

6
(50,0.1,100)I

>
HNOBEN S

RanBin

Position the cursor in the header of List 4.

Press .

Open the PROB (@) menu from the OPTN menu.

Open the RAND () menu.

We will use the Bin () command.

Remember bags are sold in packets of 50 (n=50), 1 in 10 are
said to leak (p=0.1) and I decided to buy 100 bags. Enter:

Bin () and then
GO0H0O0HO0N A OO OI.

to fill the list. (Be patient if it takes a few seconds.)
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EIF o

List 1 | List 2 | List 3 | List 4

7

N

N BN B
I
aogoo o,

4

6.0
[Ran#| Int [Norm| Bin |List [Samp

Use the @ and @ keys to navigate the table.

[EXIT) EXIT| [EXIT) to return the screen menus to the first level.

Open the GRAPH (E]) menu and set about making a
histogram of the data in List 4.

We can only set up three StatGraphs and so we will have to
use one we have already set up.

Use StatGraphl.

B RadFid [(dFc)Resl
StatGraphl

Graph Type :Hist
Frequency ;

Color Link :0ff
Hist Area :Blue/L
HistBorder :Black
[ LIST ]

=] RadFicl) [d7c)Real

=] RadFicl] (d7c)Real
I I PR

33|

sulHistogram Setting

(RAPHT R AP

20 5l
ST veR)

Your 100 packets will of course be different to ours. But the general shape should look similar.
Note we have one quite ‘bad’ packet with 13 leakers in it! We will send that one back. ©
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3.6 Square root of a normal distribution

If you were to randomly sample 100 data points from a variable that was normally distributed and
then square root each value, what would the distribution look like?

If you thought about it, I bet you could work it out. This time, let’s just use the calculator to do
this and see what it looks like and then try to reason why.

B
Stat Wind Auto
Resid List List3
ub Name On
Frac Result :d/c
Func Type Y=

Func :0n NA

(7))
List 2 | List 3

List 4

SUB
1

2
3
4

GRAPH] CALC J TESTJ INTR J DIST JEN=NE|

=] [RadFixl) (d7c)Real
List 2 | List 3

List 4

SUB
1

2
3
4

7
LIST JCONPLEX] CALC JHYPERBL] PROB =]

RadFicl) [(d7c)Real

List 2 | List 3 | List 4
SUB
1
2
3
4
v
o]
List 2 | List 3 | List 4
SUB
1
2
3
4
n
| x! | nPr| =1

Open the

[64FT) and (HEND).

Use FILE to change the List File setting to File4.
File4 is a set of 26 lists. We do this in case you had data in
the File set that was chosen previously.

to leave this menu.

menu.

@ the cursor to be positioned in the header of List 1.

The cursor z#st be in this position when entering a
command that will fi// a list with data automatically.

Start by entering a square root sign:

(3.
Then press .

Open the PROB (@) menu.

Open the RAND () menu.
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Fadfic] (dlcIResl We will use the Norm (@) command.
List 2 | List 3 | List 4
SUB
1
2
3
4
i
| List [Samp|

We are going to use a normal distribution with standard deviation 20, mean 60 and we will
sample 100 values.

BadEi:] (Tclfed Enter:

SuB s List 2 | List 3 | List 4 Norm (@) @ @ E] @ @ E]
. 1)@ @ OJ.

3

4
JRanNorm# (20,60, 100)| to fill the list.
[Ran#| Int [Norm| Bin |List [Samp]

List 4

6.9
[Ran#| Int Norm| Bin [List [Samp]

Use the @ and @ keys to look at the data.

[EXIT] [EXIT| (EXIT) to return to the first level of menus for the

Statistics application.

Now draw a histogram of the data in List 1.

B RadFixl) [dFc)Real B RadFixl) (dFc)Real B RadFixl) [(d7c)Real
StatGr ap]i 1 ! StatGraphl

Graph Type :Hist sulHi stogram Setting
grequency :;

Color Link :0ff i :

Hist Area :Blue/L Draw: [EXE]

HistBorder :Black .

X=84 £=31

We see that the distribution is skewed in shape. Can you explain why? Think about the difference
in magnitude between a number and its square root, and the shape of a normal distribution.
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4. Working with
graphs in Graph

MAIN MENU

'S 2R =6

Statistics  eActivity Spreadsheet

an= 8
An+B

El
X = 1

Run-Htrix

XY1Y2 7

&4
268

Table

Recursion

ConicGraphs Equation Program  Financial v

B [EXE]:Show coordinates

Yi=x+1 Iy
2
0,13
+ 5 & L Al 1 ¢ 4§ 4 5 b
1
2
=0 Y=1

B Select run position
ve=%2(e™(-x))

—

142,2984,0.0804)

o+ —+ &+ Tangen
¥Y=10.068%X+0.6887
X=2.298412698 ¥=0.5304788492
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4.1 SET UP in Graph

Launch the

Graph

application. Enter the

menu by pressing (and releasing) m

then @] . Use the cursor keys (@ ,@) to move up and down the list of settings. There are
some critical things you have to set correctly if you are to have success in producing graphs.

Graph Func
Dual Screen
Simul Graph
;- swative

:0n J

(Connect][ JPTot |
e

Input/Output:Math

Draw Type :Connect
- - . U
< Gr ap :0n
DS creen L Off

An

Simul Graph :0ff
dvative :0n J

(On )

E]

Dual Screen :Off T

Draw Type can be set to either Connect, which produces a

continuous line representation of the graph or Plot, which
provides a set of points that are not joined.

So when drawing the graph of y=0.2(x-3)(x+1)(x—4) we
can see either of the two representations below.

HathRadFix]) HathRadFix])
2 2

b 4 W 4k aagl 1 ¢ &~ & &
-1

| -

Select Connect (E]).

Graph Func can be set to On (E]) which means that while
the graph is being drawn (see below) the equation is also
displayed.

Select On (E])

Eath) RadFix])
Y1=0. 2(x-3) D (%

x
T 2 &~ § %

Derivative can be set to On which means that when a graph
is being traced (see below) the derivative of the function at
that point is displayed also. Or, it can be set to Off ([F2)).

Select Off ([F2)).

[EXE]:Show coordinates

YI=0.2(x-3)x+1)(zx4)
3]
=
€ 6 4w g 1 ¢ ™TE E
2dY/dX=2.36 >
¥=-0.5

Coordinates can be set to On which means that while the
cursor is active on a graph, like when tracing or locating
points of intersection (see below), the coordinates of the
cursot’s location are displayed.

Select On (E] ).

[EXE]:Show coordinates [EXE]:Show coordinates

YI=0.2Gx-3)x+ 1) (3%4) V1=0. 2(x=3)(x+1) (524}
Y2=x+1
R NA 57%& /
15 8.0.0522 )3
G I I 090?&%’ 5 b -6-6-‘4»&%0129‘-458
B B
e
X=L204215£ ¥=2.208712163

X=-0.9 I ¥=0.3822
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B

Angle :Rad T
Complex Mode:Real
Coord :0n

Axes can be set to Scale, which means a set of axes will be

visible on the Cartesian plane and numbers will be displayed

as well.

Select Scale ([F1)).

The factory settings for the ' 6r@hi are shown below.

Input/Output:Math Input/Output:Math An Ie :Rad T
Draw Type :Connect Draw Type :Connect Complex Mode:Real
Ineq Type :Union Ineq Type :Union Coord :0n

Graph Func :0n Graph Func :0n Grid :Line
Dual Screen :0ff Dual Screen :0ff Axes :Scale
Simul Graph :0ff Simul Graph :0ff Label :On
Derivative off N Derivative :0ff N Display ‘Norm

Fix J Sci JIT[NTTE
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4.2 Square view - 1:1 aspect

Launch the " 6raphi application.
We will begin by drawing the graph of a simple function so we can illustrate certain aspects of
drawing graphs in digital environments (like this calculator), in particular the way graphs appear

depending on how you set the axes.

nc V= If you have a function, or more than one function, already
= entered, as screen opposite, use the @ s @ keys to
¥~§;_x+1 E:% position the cursor on it and then use DELETE (@]) to
gg : - delete it.
D T
Enter the function y=x+1.

= The Y1 location should be awaiting an entry.

< E_E. ) To enter an x for graphing purposes we use the key.

. [—
Y4: [—]
Y5: [—1
Y6: [—1
(SELECT) (N3 AT RiRloI® MO0 ) DRAW)
Y Enter:
h Func :V=
éﬁ&l [—1 (1.
Y3: [—]
};g A Press to ‘lock it in’.
e Note that the equals sign appears as B rather than =. This
tells us Y1 is active (or selected) and a graph will be drawn if

requested. You can select or deselect using SELECT (E])

Before we draw the graph, set the endpoints of the axes on which the graph will be drawn.

Look above the F3 key. You will see an option called
iew

Press [SHIFT) then @ to open the View Window menu.

Use INITIAL (E]) to set the endpoints of the axes to those
set by the factory.

Study these set of numbers, they may seem a little strange.
They are set this way because the calculator screen is
rectangular, 384 pixels horizontally and 216 pixels vertically.

Using this setup will ensure that 1 unit in the x direction is
the same physical distance as 1 unit in the y direction.
Therefore a graph with a slope of 1, for example, will look
like it has a slope of 1. Such a setup is said to be ‘square’.

EXIT| to leave this screen.
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B HatfRdfmd el
Graph Func :Y=

Yigx+1 [—]
/3 [(—]
Y4: [—1]
Y5: [—1]

Y6: [
et P TYPET TOOL 0 i)

B EtiRadforn] Real
y

[EXE]:Show coordinates

Yi=x+1 z/
03,18
: E
€ -6 —7‘ 1 2 3 4 5 8
X=0.3 ¥=1.3

View Window
:-10

N

w O

Xmin

max :10

scale:1l

dot :0.05291005
Ymin :-10

max

W g e

[EXE]:Show coordinates

Vi=x+1 “/
0.9528,1.9523) P

1

-9 [s) E]
1@9\(:1.952380952
E]
View Window
Xmin

max 10

dot :0, OSZSIOOD

<Hhrﬁk

max
IIIIEEEDIHHIIHEIIMHD

]
View Window

max 10
0 TS V- NEMSOUARE
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DRAW ([F6)) the graph.

Note it makes a 45 degree angle with the x axis thanks to the
‘square’ View-Window settings.

Trace
Look above the F1 key, you will see the
function.

Press [SHIFT| the E] to activate mode.

Use the (@ and keys to travel along the graph.

=,

Note that the trace steps are ‘nice’, 0.1 steps in the x
direction. This is due to the axes endpoints selected as part of
the INITTAL set up.

Press [SHIFT| then @ to open the View- menu.

Use STANDARD (@) to set the endpoints of the axes.
Note that on both axes, the values range from -10 to 10.
Given the screen is a rectangle, the graph will not be ‘square’.

You can clearly see that the angle this graph makes with the x
axis is less than 45 degrees, even though it has a slope of 1.

Also notice that the trace steps are not at all ‘nice’. This is
because the number of pixels on the screen does not match
nicely to the endpoints chosen.

menu again — then @]

Open the View-

The dot value is in fact one-third of the value of the trace
step from one pixel to the next.

You can change this value, but if you do the Xmax value will
change accordingly as the number of pixels on the screen is
fixed.

1
You can see opposite we have changed the dot value to —
3

and the Xmax value has automatically changed to 116.
Trace steps will be 1 unit.



4.3 Make a useable graph - manually

To make a useful graph of a function on papet, or a calculator, you need to determine the
domain that will be of use (the set of x values that are interesting to study) and the minimum and
maximum y values for that domain.

Sometimes you will be told what domain to study. Other times you will need to think about it for
yourself.

We will study the function y=x’x 217 , the product of a polynomial function and an exponential
function.
Before starting on the calculator, we should think a little about the function. After all, a graph is

just a picture of lots of y values for a given x. This thinking may also help us to explain the shape
later on.

y: 'JCgo _’,
2”
SHart by “I’Lin)z»hj about  Small Pasi%./(/ > valvea
- _ 3z how bigh 1$
x =2 ‘J- il 3 /%g —g\odjt\,?
s
X=Jo 3': _,g,;’ <) :> /\
2
= ! = / J —
= ¢ 3
ﬂ/go? ¥ Vise *f;s’f Whnle jZLx bewmes smalt
as X beomes (MJL “ﬂw; are ﬁ'JHinj each ofﬂ\w.’

Graph

Launch the application.
nc e Position the cursor on Y1 and de-SELECT (E]) it.
[—1

1

Y2=x5><2—x : [—1 Enter the function above as Y2.

[—1

e T Be careful entering the indices here. The multiplication is not
(AT e e | TooL Lo i)

in the index level.

What we tell you to do next is most likely what NOT to do, but many people probably try it.

DRAW ([F6)) the function and hope — without doing anything to the View-Window settings.

Well, we can see something — but it is hardly helpful,
particularly given the thinking above.

B .
iBEEEECEBERERE Let’s try something else.

o
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Remember, we think this graph will rise and fall, but exactly how high does it rise before it falls.
One way to find out would be to make a table of values for this function.

Press @] and launch the Tabli’g! application.

g8 _ Position the cursor on Y1 and de-SELECT (E]) it.
g?EIelFunc Y=
=x+ (—1

XZL’ [—1 Check that Y2 is selected.

¥,
[—1]

Y4:
N PG SRR Open the SET menu (@).

(d7c)Real i
W Set the Start, End and Step as shown opposite.
Start:-10 Choosing the start and end can often be a little bit of trial
nd__: and error. But from our previous thinking 20 should be
enough.

EXIT| to leave the Table Setting screen and then use TABLE ([F6)) to make the table.
Position the cursor in the list of y values so you can see the values more accurately.

B 8 (d7c)Real

V2=x"(5) X (1. (2~ (x))) V2=x"(5)X (1. (27 (X))
Tx T ve Tx " ve
-10 -1e8 5 97.656
-9 -3e7 6 121.5
- 7 I
-7 -2.1e6 8 12

-8388608 D 168071128 D

(R DELETEL ROW

By looking at our table the function rises as high as about 131. We cannot be sure of the value of

x that provides the greatest y, but it seems to be between 6 and 8. This gives us a good idea of the

values of the axes endpoints to produce a useful graph. Note for negative x, y is very negative.
EXIT| to leave the table screen.

Press @] and launch the ' application.
Open the View- menu — then @

Set the values to those seen opposite.

View Window

Xmin :-10
e e %0 Note we have not wortied too much at this point about
chi,;g :0. 85291 005 negative x region as the y values get very small very quickly.

EXIT) to leave this menu. Then DRAW () the graph.

Not bad, but still a lot of wasted space and it would be good
to see more of the positive domain.

= Press the @ to fine tune the axes set up.

n
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4.4 Make a useable graph — zoom auto

This section follows on direct from section 4.3. If you have not studied section 4.3, do so before

starting this section.

This method offers an alternative to that seen in section 4.3 when drawing a useable graph.
Suppose we have done the prior thinking we did earlier, but had not made the table of values.

We can focus our attention on the positive domain to start with and set the Xmin and Xmax to a
fairly large domain, say between 0 and 20.

Open your View-

View W;gdow

Xmin

max :20
o 10,

Ymin :-3.1

max

:3.1
WU 153 V- MEMJSOUARE

View Window

Xmin :0

max :20
(o] 0.

Ymin :-3.1

max

:3.1
(INITTAL) CTRIG ) TANDRD RAYEY ST

B HatiRadfon]  Real

y

E]

View Window

Xmin :-5

scale:b

dot :0.06613756
Ymin :0

max :131.566574
(INTTTAL) (T RIG ) STANDRD) WAEY) SOV

B FfiRdfem)  Rel

menu, press then @

Set the Xmin and Xmax to 0 and 20 respectively and the
Ymin and Ymax to -3.1 and 3.1 respectively.

from this menu and DRAW () the graph.

Hardly impressive! But do not panic.

Look above the F2 key and you will see

Press [SHIFT) and then @] to reveal the options.

RN )OUTJ(AUTO) &> ]

Use AUTO ([E]) and see what happens.

The zoom AUTO process does not change the domain you
set. It simply searches for the maximum and minimum values
of y for the domain you set and adjusts the Ymin and Ymax
accordingly.

Change Xmin to -5.
EXIT

DRAW ((F8))
Perform an AUTO zoom.

Oh dear, that is not so good. You must think hard about the
domain before using auto zoom.

Note that a zoom PREVIOUS option exists to take you back
to the previous set up. Enter:

(F2) > ((F€)) PREVIOUS((F5)).
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4.5 Working on a graph - G-SOLV

Here we continued to work with the function from the previous section.

. . . 1
What is the maximum value of the function y=x’X 27?

Produce a useable graph of this function.
Look above the F5 key. You will see

G-Solv

F5

Press [SHIFT) and then @ to open the menu.
B Gifdfm) & = Use MAX (@]) to calculate the maximum value.

B [EXE]:Show coordinates
1a(27(x]

7.2134,131.59)

So we see the maximum value is 131.6 when

x = 7.2 (values correct to 1 decimal place).

Press [EXE| to have the maximum’s coordinates printed on
the screen.

From the menu choose [> () to reveal more
options.

Y:100l

VAN

EXE| to find the value of x.

IEnter Y-Value

[EXE]:Show coordinates 1 = = 1
P Soif y =100, x = 5.1 (correct to 1 decimal place).

(7.2134,131.59)

Press to have the coordinates of the point printed on
the screen.

¥X=6.079318469  Y=100
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5

Find a decimal approximation for J.x5 X dx.
2

Set the View- settings as shown opposite.
View Window . & PP
EXITJ from this menu.
max
scale:5 DRAW () the graph.
dot :0.06613756
Ymin :-60
max :150
(INITTAD) (TRIG ) STARDR) MRYEY SR
B GaoiRadfon) Bl =~ From the menu choose [> < () to reveal more
options.
. . N Open the J.dx menu ([F3)) and then choose J.dx ([F1)) and
% J(ROOT]INTSECTIMIXED) then press @ for the lower limit
B Select lower limit value
Y2=x% 14027 (x.
Enter Lower Bound
X:2
o 5 : 70 15 rdx
X=7.650 ¥=131.0936676
and enter @
B Select upper limit value
Y2=x% rJ 2~(x,
Enter Upper Bound
again.
E] 5 1
110 And so st X > dx=145.9 correct to 1 decimal place.

2

from this graph.

LOWE‘QE

Jdx=148.896136

Find the equation of the tangent to y=x’X 217 at x=7.

R aoh Func—0n = [SHIFT| then (MENU) to enter the menu.
Dual Screen :0Off

Derivative :0n > Set the Derivative to On.
vy

¢ gra }1.

Look above the F4 key and you will see

i then .

Choose Tangent (@]).

0 5
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Select run position

Y2=x%

Enter X-Value
X:7

0 5 0 15
dY/dX=-3.471
X=7.550 ¥=131.0835576

Select run position

V2=x R (1 4(R76x

5 n
2.7@51«111.37 !
7 J=o} ¥=131.3046876

15

1ol 7813

s [[Norm ](lnverse] LD ]

Press from the keyboard.

The [EX to accept the 7 and draw the tangent and
again to ‘print’ the tangent and calculate its equation.

So the equation is y=2.78x+111.87.

from the graph screen.

Re-DRAW () the graph.

Notice on re-graphing, the tangent is still visible.

From the menu, choose Cls (E]) to clear the screen
of the tangent.

d
If y=x*x— find the value of — if x=5.
2 dr

[EXE]:Show coordinates

V2=xYB*(11(2"(x)

5,131.09)

i i5
dY/dX=-3.471

X=7.550 ¥=131.0835576

[EXE]:Show coordinates

V2=x{RpI&{1a(27(x)))

X=5

i i5
dY/dX=29.9866
-50| ¥=87.666256
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With the Derivative option set to On in the of the
Graph application, we can a function and the
derivative at the location of the cursor will be shown.

DRAW () the function and it:

SHIFT) the (F1).

To jump to x=5, simply type (5.

B [EXE]:Show coordinates
V2=x~{Bm(1.4(2"(x.

/N6.5,191.09.

e

IEnter X-Value

X:5|

5] g 0 15
! t dY/d¥=-3.471
X=7.550) ¥=131.0836676

EXE| to calculate the value.

d
So forx =5, Ey =30 (to the nearest whole number).



5. Solving equations
in Equation

MAIN MENU

E]
M TR PR

Run-Matrix Statistics

eActivity Spreadsheet
XY1Y2 7 Sn= (B
[; : ﬁ] An+B
Table Recursion

=8

<o Lsk
= S
Program Financial v

- :

Conic Graphs Equaﬁliﬁ
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5.1 SET UP in Equation

oo

Some of the settings chosen in the menu of the 'RUnMatrix’ application affect the
processes in other applications. They are said to be global settings. To help though, each
application has its own menu. Some settings are replicated in a number of applications.

Launch the | Equation application. Enter the menu by pressing (and releasing) |SHIFT

then @] . Use the cursor keys (@ , @) to move up and down the list of settings.

Notice that there are only six settings that can be changed

Input/Output :Math

Frac Result :d/c in this application.
Func Type 'Y=
Angle T

Complex Mode determines whether or not complex
solutions to an equation, should they exist, will be

displayed.

If Complex Mode is set to Real, by pressing
Real (E]), only real number solutions will be displayed.

If Complex Mode is set to a+bi, by pressing
a+bi (@]), real and complex solutions will be displayed.
Complex shown in Cartesian form.

If Complex Mode is set to r£6, by pressing
r£0 (@]), real and complex solutions will be displayed.
Complex shown in polar form.

Set Complex Mode to Real.

Also check that Display is set to Norm2.

aX+bX
e Vit
B el

Equation

The factory settings for are shown below.

E]

Frac Resuit :%/c

Func Type 'Y=
‘R

Angle :Ra
Complex Mode:Real
Display :Norml
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5.2 Working with a formula

The volume of a cone can be calculated using the formula V = %n’rzh .

Calculate the base radius of a cone with volume 200 cubic cm and height 30 cm. We could
proceed as follows:

V= "BTlrzk
N W = My

= Y_L = _Bl
Th

2 v = [ 3V

( ijhovwb the —ve -\r“

mh as v >o. )
3 x 200
BT

= v 2 252 em (oawtcfﬁ. Zd.F)

(9] Real

JUMP JDELETEDMATVCT] MATH

. .0
1} D ¥
W —

Alternatively, the ' Equation' application efficiently handles calculations associated with many
formulae.

E etiRadform]) [b/cRea)
P il oy Open the SOLVER ([F3]) menu.

Select Type
Fl1:Simultaneous
F2:Polynomial

F3:Solye
SIMUL/ POLY JSOLVER

Enter the formula. Make use of the red key and the red
q:V=2n

letters above the keys.
You will find the = sign above the decimal key, use
then (] . Press to finish and you will see the variables

Lower==8t+99
Upper=9e+99 are laid out under the equation.
RECALLIDELETE (SOLVE)

Enter the value of each variable.

after each entry.
The Lower and Upper values are the range of values over
which the calculator will search for a solution.

Lower=0

Upper=9e+99 - In this case set Lower to 0.
RECALLDELETE @

Position the cursor on the variable with unknown value.

Choose SOLVE () to find calculate the value of 7.

1 (i)l We see the same result as achieved using the algebraic method,
Eq: V=§7ER2H seen above. Note the extra information on the screen:
Lf¥:%6823132522 Lft=200, Rgt=200.

Rgt=200 This is the calculator’s way of telling you that if the value for r
— that it determined is substituted into the equation, the left side

of the equal sign is equal to 200 and the right side is also equal
to 200; so the value of 7 is a solution to the equation.
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5.3 Solving a cubic equation

Find the values of x such that 6x° +7x° +12x—=5=0.

It is a good idea to first graph the function y=6x"+7x*+12x—5 to see where it cuts the x axis.

Here it is using an INITIAL set up View-Window and then
zoom AUTO. Y

1000

-5 -5 -4 = 10 1 2 3 4 §5 &

1000)

All cubics have at least one real solution.

Can we confirm in our mind what the graph shows? Some thought tells us that for large positive
x, the function will produce large positive values and for ‘large’ negative x, it will produce ‘large’
negative values. So it seems this cubic has only one real solution (root) and two complex roots.
Let’s find them.

Open the application.

T — Open the POLY ((F2]) menu.

Select Type
Fl1:Simultaneous
F2:Polynomial
F3: r

| POLY

E HatiRadforni (d7c)Resl
Polynonial Choose Degree 3 (@]).

Data Exists In Memory

Degree:2

_mi § c%— 5 In this application, all polynomial equations must first be in
= .
a b c d the form f(x)=0. We then enter the coefficients of each term,
‘ ° T from highest power of x to the constant.
-5 Choose SOLVE (E]) to find the solutions.
(SOLVE) RENE3CEARIEDIT]

el Note the solution is given in both decimal approximation

and exact form.

1
3

Now, what about the complex roots?
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B HatiRadfen) [FclReal
aX3 +bX2 +cX+d=0
X1C [ERERD

L
3

E]
Input/Output:Math
Frac Result :d/c
Func Type 'Y=
Angle ‘R

=]
aXs +bX2z +eX+d=0
a b c d

12 D

0.3333
b4l -0.75+1.3919i

X3L -0,.75-1.3919i

-3+J31 i
4

(REFEAT)

Choose REPEAT ([F1)).

First we must set the application to show complex solutions.

Enter the menu.

and then (NENU).

Select the Complex Mode setting.
Choose a+bi (@])

from this menu.

Choose SOLV (E]) to find the solutions.

Note that now we get both the real and complex roots and
each are shown in both decimal and exact form.

73



6. Differential
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6.1 Derivative at a point - graphically

d
If y=x"—13x+12 calculate the value of o when x=4.

E]
Input/Output:Math

Draw Type :Connect
Ineq Type :Union
Graph Funec :0n

Dual :

raph :

(@Derivative :On |

]
7

X
-B-Sf—S-Z-lo{w458

Bl [EXE]:Show coordinates
Y1=x"(3)-13x+12 [y

40|
30|
/>§K.12)
X
E —5/4 B -ZQ
X=0

2 4 [3
av/ax=Zis o/

Bl [EXE]l:Show coordinates
Y1=x"(3)-13x+12 [y /
A0

Enter X-Value
X:4]

-6 -5 fi -8 -2 -1 0 F ] 4 5 [
/ dy/d¥=213
X=0 v=12

El [EXE]:Show coordinates

Y1=x~(3)-13x+12 [y
40|
30|

o
" F(4,24)

10]

-6 -5 - 2 -1 2 5 B
/4 dv/d%=%5
X=4 =

dx

Open the " 6raph application and open the menu

by pressing (and releasing) then @

Turn the Derivative option On.

Make a useable graph of y=x"—13x+12.

Press [SHIFT| then Trace (E]), which places the cursour on
the graph of the function at the x value that is the centre of
the viewing domain, 0 in this case.

We see value of d_y when x=0 is -13.
x

d
To find the value of d_y when x =4, simply press (4]).
X

Press to complete the calculation.

So e , when x=41is equal to 35.
dx

The value of the derivative for other values of x can be
found by entering the value of x required using the number
keys.

Note that calculations of this type will always produce decimal approximations for the quantities being
ﬁ calculated.
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6.2 Derivative at a point - in Run-Matrix

d
Calculate the value of d_y for y=x"—13x+12 when x=4.
by

Open the ‘Runhatrix’ opplication.

Open the MATH () menu.

JUMP JDELETE MATH

EetiR el Notice there are four functions available: logarithm with
I . . )
choice of base, absolute value, first derivative at a point, and

second derivative at a point.

b Tlogab Abs |d/dxcid/dxmml]|

Use the d/dx ([F4)) to enter the calculation required.
a(x3—13x+12)|x=4

35 d
u So & , when x=41is equal to 35.

dx

MAT/VCTlogab| Abs |d/d x| %/dsc2 I

Note that calculations of this type will always produce decimal approximations for the quantities being
calculated.
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6.3 Equation of a tangent to a curve

Calculate the equation of the tangent to y =x’ —13x+12 when x=-1.

B
Input/Output:Math

Draw Type :Connect
Ineq Type :Union
Graph Func :0On

Dual 0ff

raph :
Derivative :0n

B HatARadfornd
y

40|
30|

Bl Select run position
x+12

Bl Select run position
Y1=x~(3)-13x+12 [y l
AL

Enter X-Value
X:-1]|

-5 -5 i -8 -2 -1 0 2
f de 3
X=0 ¥=12

Bl Select run position
Y1=x"(3)<13x+12

Bl Select run position
Y1=x"(3)<13x+12 [y

pagend

Y=24

Bl Select run position
Y1=x"(3)<13x+12

Open the application and open the menu

by pressing (and releasing) then @]

Turn the Derivative option On.

Make a useable graph of y=x"—13x+12.

Press then Sketch () and then Tangent (@])

A tangent is drawn at the x value that is the centre of the
viewing domain, 0 in this case.

To draw the tangent to the curve at x =1,

simply press = (1.

Press to draw the tangent.

Pressing again will leave a ‘print’ of the tangent on the
screen and display its equation, y =—10x+14 .

The @ and @ keys can also be used to move the
tangent to different places on the curve. It will move one
pixel at a time, but it does move quite quickly. Important
ways of thinking can be developed using this approach.
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6.4 Stationary points

Calculate the co-ordinates of the stationary points of y=x"—13x+12.

B
7

49|
30|
0
10
AN L
-5-5/21-3-2-10 ] &
B Select run position
Y1=x~(3)-13x+12 [y
49 /
angenf
dY/dX=0.23
¥=30.039
E] Select run position
Y1=x"(3)-13x+12 [y
a9 /
I 0N
angent
d .23
[V-BEPTIINTSECTI &> ]

[EXE]:Show coordinates

Y1=x~(3)-13x+12 [¥

X

6 -5 -3 2 -1 2 4
dvsdxdo o ™A
X=-2.0081665993 [¥=30,04110533

5 &
MAX

Bl [EXEl:Show coordinates

Y1=x"(3)-13x+12 [y
40|
30|

&

N

X

X=2.Qé1665993 ¥=-6.0411056329

-6 -5 -3 -2 -1 4 5 B
avsdxdo Of... ™A MIN

Make a useable graph of y=x"—13x+12.

By moving a tangent along the curve we can see there are
two stationary points, one at approximately x =-2 (a
maximum) and one at approximately x =2 (a minimum).

Press and then (@) to open the G-Solv

menu.

You will see the MAX and MIN functions.

Use MAX (@]) to find the co-ordinates the stationary point
that is a maximum, (-2.08, 30.04)

Press and then (@) to open the G-Solv
menu and then use MIN (@) to find the co-ordinates of
the stationary point that is a minimum, (2.08, -6.04) —
interesting!

Only stationary points with x values in the visible domain (i.e. between the Xmin and Xmax
values of the view window settings) can be found using the MAX and MIN functions.

So you need to be sure there are no other stationary points outside of the visible domain.

Note that calculations of this type will always produce decimal approximations for the quantities being
ﬁ calculated.
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6.5 Point of inflection

Calculate the co-ordinates of the point of inflection of y=x"—13x+12.

B
y

Bl Select run position

Y1=x"(3)-13x+12

B MathRadNornd
Graph Func :Y=

Y15x§—13x+12 [—1
YR - (YD), [—1
y3:  [—1 |
Y4: [—]

VR - —_—
SaaRH| DELETE) TYPE | TOOL JLONf DT

E
i
g
“B

[t]/[¢4]:Select graph
Y2=d/dx(¥Y1,x) v

3 -5[ 8 -2 10 N2 /A 4 5MI§I

El [EXE]:Show coordinates

Y2=dAdx(¥1,x) v

Make a useable graph of y=x"—13x+12.

By moving a tangent along the curve we can see there
appears to be a point of inflection at approximately x=0.

The slope of the tangent seems to decrease in value from
x=-2.08 to approximately x =0 and then increase in value
for positive values of x.

If this is true, the graph of the first derivative should have a
stationary point at the same value of x where the function
has a point of inflection.

Define Y2 to be the derivative of Y1, as follows.
Press to return the function editor.

Press to open the option menu.

Use CALC (@]) to open the calculus functions.

Using d/dx ([F1)) and then Y ((F1)), (1] and to

complete the definition shown left.

Press .
Use DRAW () to draw graphs of both functions.

There we see a stationary point at approximately x=0.

Press and then (@) to open the G-Solv
menu and then use Min (@) to find the co-ordinates the
stationary point.

Because we have two functions drawn, the calculator will
‘flash’ on a function to ask if this is the one you wish to
calculate the minimum value for, use (@) to change between
functions.

When Y2 is ‘flashing’ press .

The calculator reports the point of inflection at x =0. But
what about the y co-ordinate?
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Bl [EXE]:Show coordinates

Y2=dAdx(Y1,x) y

o N1O0 D& T
=

V-CALIX:

B [t]/[V]:Select graph

A\ a Vi

Enter X-Value
X:0

_5_5/;_33“)&/345

[EXE]:Show coordinates
Y1=x(3)-13x+12

1
X
6 -5 -3 - -1 4 5 [3
f w v-CAL
X=0 =12

Press and then (@) to open the G-Solv
menu and then use > () to reveal more functions.

Use Y-CAL (E]) to find the y co-ordinate of Y1
(y=x"—13x+12) when x=0.

When Y1 is ‘flashing’ press .

Enter O.

Press to complete the calculation.

We can now conclude that y=x"—13x+12 has a point of
inflection at (0, 12).

The cubic function is point-symmetric about its point of inflection.

e previously noted, with interest, that the stationary points of y=x" —13x were located a
We p ly noted, with interest, that the stationary p fy=x"-13x+12 located at

x=-2.08 and x=2.08, symmetrically positioned about x=0.
Hopefully you can now see why this is the case.
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6. Integral calculus
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7.1 Definite integral - graphically

3

Calculate Jx3—13x+12 dx.
0
B MetHRadMormd  Rea -
40|
30
0}
10
-6 —5/4 -3 -2 10\ EX
B HathRadMormd
40|
30|
/\

B 2 1\
m ) =
(B HeRadformd  Rea) | -

40|
30|
0|
10}
b -3 -2 10\
(m [NTSECTI(MIXED]
Bl Select lower limit value
Yi=x~(3)-13x+12 ¥ ]
Enter Lower Bound
X:0
5 B 5 2 1o INLA 4 j'dsx
X
X=0 f v=12
B Select upper limit value
Y1=x~(3)-13x+12 |y I
Enter Upper Bound
X:3

Make a useable graph of y=x"—13x+12.

Press and then (@) to open the G-Solv

menu and then use > () to reveal more functions.

Use de (@) to show the integral functions.

Use de (E]) to start the calculation.

The calculator will ask you to input the lower limit.

Enter @ .

Press [EXE] to move to entering the upper limit.

Enter @ .

Press to complete the calculation.

3
We can conclude that J.x3 —13x+12 dx=-2.25, correct to 2 decimal places.

0

Note that calculations of this type will always produce decimal approximations for the quantities being
calculated.
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7.2 Definite integral — in Run-Matrix

3
Calculate Jx3 —13x+12 dx.

0

HathRadMorm2) [d/c]fasb])
0

JUMP JDELETE MATH

(d7c) 2]

Norn2)

ATV logah] Abs (d/dx el e

B fehRdfom) [@c)Rel
3
fox3—13x+12d4

[Tox 5

B HetiRedlom) ([@elRea)
3
0x3—13x+12dx

L

O

(D]

Open the Run-Matrix application.

Open the MATH () menu.

Use > () to reveal more functions.

Use de (E]) to enter the calculation required.

Press to complete the calculation.

3

9

We can conclude that Jx3 —13x+12 dx = 2
0

An exact value (fraction) is returned using this calculation method.

This will not always be the case. In some cases a decimal approximation will be returned.

83



7.3 Area ‘under’ a function

Calculate the area enclosed by the function y=x’—13x+12 and the x -axis for 0 <x < 3.

B
7

10\ ke
fs—affa—zﬂ N2 4 5 &®
Y-CAL 1! 1

B
¥y

40

30

0

10)
X

-5 -5 -8 2 -1 2 4 5

[HIXED]

o

Bl Select lower limit value

Y1=x"(:l$)—13x+12 [Y I

Enter Lower Bound
X:0

-6 -5 b 3 -2 -1 2 £ 4 5 [
ﬁ O ™NEA1yy mrxed
x=-41| ¥=0

X

B Select upper limit value

Y1=x"(3)-13x+12 |y I

ite)

Enter Upper Bound

X:3
¥ & A "8 y A X
-6 -5 -3 -2 -1 2 4 5 B
f 0 ™14y mrxed
X=0 ¥=12
B
v
40|
30|
0|

I ERa
LDWEfC
Jdx=-£.25

Make a useable graph of y=x"—13x+12.

Press and then (@) to open the G-Solv
menu and then use > () to reveal more functions.

Use de (@) to show the integral functions.

Use MIXED () to start the calculation.

The calculator will ask you to input the lower limit.

Enter @ .

Press [EXE] to move to entering the upper limit.

Enter @ .

Press to complete the calculation.

The corresponding definite integral value is also displayed.

We can conclude that the area enclosed by the function y=x’—13x+12 and the x -axis for

0 < x <3 is 13.75 square units, correct to 2 decimal places.

Note that calculations of this type will always produce decimal approximations for the quantities being
ﬁ calculated.
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7.4 Area between two functions

2
Calculate the area bounded by the function y=x"—13x+12 and y=—x+20 for xeR.
5

B HatiRadFornd
y

BEEEmE

[N
-5—51'4—3—2—1 N A 4 5 ¢
5

B
y

~1 ]

10]
X

€ 5 5 2 1] INZA 4 5 6

Jdx J[ROOUJINTSECT](MIXED]

Bl Select lower limit value
Y1=x~(3)=13x+12 [y
¥2=(245)%+20 40
‘j/\sa
; N
i 10
/:r \ X

B3 -5[;-3 2 1ol NZA

T 5 ©
L Jdx ISECT
X=-3.1314576717 [¥=18.67416931

Bl Select upper limit value
Y1=x"(3)=13x+12 [y
¥2=(245)x+20 40|

10]
5 5 ) ‘ID\W T 5 ©
gf Jdx ISECT
X=3.928892613 ¥=21.57158705

B
y

40|

£ 5 52 -
LOWEf—S.SlA

Jdx=-p8.367573( |/1=97.0449767

2
Make a useable graph of y=x’-13x+12 and y==-x+20.
5

Press and then (@) to open the G-Solv
menu and then use > () to reveal more functions.

Use de (@) to show the integral functions.

Use INTSECT (@) to start the calculation.

The calculator will locate the left-most (visible) point of
intersection between the two functions, to select it as the

lower limit press .

Then press @ @ to move the cursor to the right most
(visible) point of intersection.

Press to complete the calculation.

2
We can conclude that bounded area enclosed by the function y=x’-13x+12 and y=—=x+20
5

for xeR is 97.04 square units, correct to 2 decimal places. If you are convinced there are no

other points of intersection! ©

This calculator only incorporates intersection points in this calculation that have x co-ordinates in

the visible domain.
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To clear the shading from a previous calculation, while the graph is displayed, press and
then () to open the Sketch menu and then use Cls (E])

To calculate an approximate value for the area enclosed by the function y=x’—13x+12 and

2
y=—x+20 for -2<x <5, use the MIXED function.
5

] 5 2 1
LOWEf—2 E’PE
Jdx=-f4.45 =110.96255

The ROOT function will calculate an approximate value for the area enclosed between a function

and the x -axis between the roots (zeros / x -intercepts) of the function, without having to first
calculate the roots.

UPPER=]
Jdx=98.75 K 1=93.75

Note that calculations of this type will always produce decimal approximations for the quantities being
é calculated.
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8. Probability
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8.1 Binomial distribution

Y is a random variable with binomial distribution defined by n = 30 and p = 0.4.

Calculate P(Y =10).

B

| List 1 | List 2 | List 3 | List 4

SUB
1

2
3
4

GRAPH] CALC J TEST J INTR | DIST JD =

B [RadNormd] [d7c]Real

| List 1 | List 2 | List 3 | List 4

SUB
1

2
3
4

INORM .t | CHI BINOHIA

B Rad{ormd (d7c]Real
[ List 1 | List 2 | List 3 | List 4

SUB
1

2
3
4

(e Iped ]

B
Binomial P.D
Data  :Varial IVr iable |

X :
Numtrial 80

p 0.
Save Res:None
Execute

Open the /Statisticst] application.

Use DIST (@]) to show the probability distribution list.
Use BINOMIAL (@) to show the binomial distribution
functions.

Use Bpd (E]) to start the calculation.

Set Data to Variable, x to 10, Numtrial to 30 and p to 0.4.

Press to complete the calculation.

We can conclude that P(Y =10) = 0.12, correct to 2 decimal places.
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Y is a random variable with binomial distribution defined by n = 30 and p = 0.4.
Calculate P(Y 225).

B RadNornd) (d7c)Real
| List 1 | List 2 | List 3 | List 4

SUB

Open the 'Statistiest] application.

BN =

Use DIST (@]) to show the probability distribution list.

B Rediornd (dlclReal , Use BINOMIAL (@) to show the binomial distribution
\ List 1 | List 2 | List 3 | List 4 .
SUB functions.
1
3
4

[NORM/ t J CHI J BINOMIA

_Codfiornd) (dFclfeal , Use Bed (@]) to start the calculation.
| List 1 | List 2 | List 3 | List 4

2
2 |[m
]

E BWN =

(J(Bed J[hvB ]

Set Data to Variable, Lower to 25, Upper to 30, Numtrial to
Binomial C.D

30 and p to 0.4.
Lower : 25

Upper :30
Numtrial : 30

P :0.4

Save Res:None N
(st Var ]

Press to complete the calculation.

We can conclude that P(Y 225) = 0.00000142, correct to 3 significant figures.
A very low chancel!
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8.2 Normal distribution

X is a random variable with normal distribution defined by @ =30 and o =4.

Calculate P(X <32).

B RadNornd) (d7c)Real
| List 1 | List 2 | List 3 | List 4

SUB
1

2
3
4

GRAPH] CALC J TEST / INTR | DIST JR =N

B RadNorn2) [d7c)Real
| List 1 | List 2 | List 3 | List 4

SUB
1

2
3
4

NORM BINOHIAL /I

N\

B RadNorng) _(d7c]Real
| List 1 | List 2 | List 3 | List 4

SUB
1

2
3
4

[(Nod(J(Ned I JwN ]

E RadNormd) [d7c]Real

Normal C.D
DEREY :Variable
Lower :-20
Upper :32
c ‘4
:30
Save Res:None v

Open the 'Statisticst] application.

Use DIST (@) to show the probability distribution list.

Use NORMAL (E]) to show the normal distribution
functions.

Use Ned ([F2)) to start the calculation.

Set Data to Variable, Lower to a number much smaller that
three standard deviations under the mean, -20 in this case is
suitable, Upper to 30, 0 to 4 and u to 30.

Press to complete the calculation.

We can conclude that P(X <32) = 0.69, correct to 2 decimal places.

The Z-scores that correspond to the lower and upper values of X are also displayed.
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X is a random variable with normal distribution defined by p =30 and o =4.

Calculate the values of x if P(X2x)=0.2.

]

[ List 1 | List 2 | List 3 | List 4

SUB

W N =

GRAPH] CALC J TEST / INTR | DIST JD =

B [RadNormd) [d7c]Real

| List 1 | List 2 | List 3 | List 4

SUB
1

wWwN

(D B N G T )

B [RadNormd) [d7c]Real

[ List 1 | List 2 | List 3 | List 4
SUB

1

2

3

4
InvN

B
Inverse Normal

DEREY :Variable
Tai :Right
Area :0 2
c 14
:30
Save Res:None $
B

Ve rs Nor
xInv=33. 3664849

Open the Statistics, application.

Use DIST (@]) to show the probability distribution list.

Use NORMAL (E]) to show the normal distribution
functions.

Use InvN (@) to start the calculation.

Set Data to Variable, Tail to Right, Area to 0.2, ¢ to 4 and
u to 30.

Press to complete the calculation.

We can conclude that P(X 233.37)=0.2, correct to 2 decimal places.
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9. Confidence
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9.1 CI for the population proportion

A random sample of 350 high school students from the large city called Blenker are surveyed and
asked if they support a 4-day school week. 310 voted no.

Calculate an approximate 95% confidence interval, based on the standard normal (Z) distribution,
for the proportion of the population that do not support a 4-day school week.

B [RadNormd) [d7c]Real

[List 1 | List 2 | List 3 | List 4 @nl_ Al

= Open the Statistics application.
;
4 Use INTR () to show the interval options.

GRAPH/ CALC INTR >

0 Eediu? R : Use Z ([F1)) to choose an interval based on the
\ List 1 | List 2 | List 3 | List 4 . A ”
SUB Z-distribution.
1
2
3
4
8 Use 1-PROP ([F3)) to start the calculation.

[ List 1 | List 2 | List 3 [ List 4

SUB
1

2
3
4

[1-SAHPLE](2-SAMLE)(1-PROP](2)PROP)

Set C-level to 0.95, x to 310 and n to 350.
1-Prop ZInterval

C—Leve 30.95

X :310
n :350
Save Res:None
Execute

Press to complete the calculation.

Thus, an approximate 95% confidence interval, based on the standard normal (£) distribution,
for the proportion of the population that do not support a 4-day school week is 0.85< p<0.92.

The sample proportion (;7) is also displayed, 0.886, in this case.
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9.2 CI for the population mean

A random sample of 270 female high school students from the large city called Blenker are
surveyed and asked to record their height. The average (;) of the 270 recorded heights was

163.4 cm.

Calculate an approximate 95% confidence interval, based on the standard normal (Z) distribution,
for the mean height (1) of the population.

Assume the standard deviation (0 ) of the heights of all female high school students from
Blenker is 6 cm.

B [RadNornd) [d7c)Real
| List 1 | List 2 | List 3 | List 4

SUB T | . .
1 Open the 'Statisticsy application.

2
3
4 Use INTR () to show the interval options.
>3

8 Use Z ([F1)) to choose an interval based on the
| List 1 | List 2 | List 3 | List 4

SUB Z-distribution.
1

(i

B Redfiomd (dlclResl : Use 1-SAMPLE (@) to start the calculation.
| List 1 | List 2 | List 3 | List 4

SUB
1

2
3
4

(CEPERYPE =PRI R0

Set Data to Variable, C-level to 0.95, 6 to 6, x to 163.4 and

Data :Variable
C-Level :0.95 n to 270.

[¢) .

X :163.4

n : 270

Save Res:None $

& Press to complete the calculation.

ple
Lower=162.684322
Upper=164.115678

Thus, an approximate 95% confidence interval, based on the standard normal (Z) distribution,
for the mean height (i) of the population is 162.7 < 1 <164.1.
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10. Matrices

Graph

MAIN MENU

| & s

ConicGraphs Equation

Statistics
XYYz 7

[33¢]
Table

Dyna Graph

aX+bX A
+c=0

Prgram

=R I=R

eActivity Spreadsheet

an= 8
An+B

Re

cursion

S} ¢

Fi

w2l |
P

nancial

'/
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10.1 Operating with matrices

2 -4 { 4 2 2 1 5
A=| 1 5 ,BZ[ 5 s 3}andCz -4 1 0
3 1 B 2 7 1
Calculate 3AB.
B ] o
g
Open the Run=Hatrix? ;pplication.
» MAT/VCT (@) to show the matrix options.

— With Mat A selected use DIM () to define the
Mat A :None dimensions of matrix A.
Mat B :None
Mat C :None
Mat D :None
Mat E :None
Mat F :None
| DIM
Set m to 3 and n to 2, since A is a 3 by 2 matrix.
# Dimension mXn
M m :3
M n :2
MaT—r TNOIC
Mat F :None

DELETE[DEL-ALL] DIM J CSV J MeV

Press to enter the dimensions.
1 2 -4
2{ s -ﬂ Then enter each element, pressing after each one.

ROW-0P[ ROW JCOLUMN/NDIN

Press [EXIT) go back and define the dimensions of, and enter
Mat A 7 the elements of, matrix B and C.

Mat B P ey

Mat C : 3x 3

Mat D :None

Mat E :None

Mat F :None

DELETEIDEL-ALLL DIM [ CSV

Once each matrix is defined, press |EXIT| to return to the
calculation screen.

JUMP JDELETE DMATVCT] MATH
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B HathRadfornd (dic)Real
3xMat AxMat B

[
JUMP JDELETE DMATVCT] MATH

30 -36 -24
-27 87 51
3 51 27
0
El MathRadMNorm2 [d7c]Real
-4 [e N} JL
3 51 27 |
Mat Ans->Mat D
30 -36 -24
-27 87 51]
3 51 27

Since D and C have the same dimensions, we could add together any multiple of each, for

1
example 3C + 5 D.

Now enter:

(3]
and then

B

((2]) then (AP B

HI
X

T| and then

m
m

And the resulting 3 by 3 matrix is displayed.

To store this matrix, as D, for later use:

and then (@)

(@)

and then (@) then D
EXE

B mmmmmmqu@mm o
Mat Ans->Mat D

o T

30 -36 -24
-27 87 51
3 51 27
3Mat C+%Mat D
[DEL-LINE]DEL-ALL
B G G0
21 -15 3
_51 93 51
2 2 2
15 93 33
2 2 2

t
JUMP JDELETE DMATVCT] MATH

Try it, and check your result matches mine!

(@) from the keyboard then A
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10.2 Determinant and inverse

2 1 5

As defined eatlier, C=| —4 1 0 |[.Find the determinant of C and, if it exists, C™".
2 7 1

*

Open the Run=Hatrix? ;oplication.
Press to open the option menu.
Use MAT/VCT (@]) to show the matrix functions.

MAT/VCT CALC [ STAT /IIEE

Use DET ([F3)) to begin the calculation.

Mat bab>loi Dot "rn lupren e

(8 Godbnd B Then and then Mat ([2]) then C.

| Mat [Hat->Lst! Det | Trn JAugnent/ I

Press to complete the calculation.

Det Mat C
(—144
O

S
4

Thus the determinant of C is -144.

B

To find C!
Det Mat C O TN

o -144 SHFT) and then Mat ([2]) then (ALPHA) C
Mat C II!

=Gl

>

B Wailfedlorsd il Press to complete the calculation.
144 72 144
1 1 5 , .
36 18 36 Using @ allows you to see the whole matrix.
5 1 1

B HatARadFornd [(dfc]Rea)

L]
| Mat [Hat->Lst| Det | Trn JAugnent/ I

| Mat [Hat->Lst] Det [ Trn [AugnentI]
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10.3 Matrix equation

2 1 5
As defined earlier, C=| —4 1 0
2 7 1
X
ILetX=| y [and CX =
Z
2
Therefore X=C™'| 1 |[. Calculate X.
2

Mat C!

JUMP DELETE PMAT/VCT] MATH

E Gmiew GOk |

B FetiRedfom?
Mat C!

Mat C™'|1
2

[2X213%3 [ mxn ] 2X1 | 3x1 [N

B Gmiew @Ok |

B

[2x2[3x3 [ nxn ] 2x1 | 3x1 [N

kT

Open the ‘RunMatrix’ opplication. Then:

and then (@) then C
S

There is a ‘quick’ method to enter a matrix if we do not want

2
to define it. We will use the ‘quick’ method to enter | 1

2
Use MATH ((F4)) and then MAT/VCT ((F1)) to reveal the

screen opposite.
Use 3X1 (@) to enter a matrix template.

Then entet:

@r)

(1J
@
2

(Do not press EXE in between each element.)

Press to complete the calculation.
13
72
5

Thus X=| —

18

5

12
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10.4 Systems of linear equations

Some systems of linear equations (aka simultaneous equations) can be solved efficiently using
your mind and paper and pen to document your thinking.

. e sol Sx+2y=7 5% +2y =T ond y= 8-x
orexampe,soveyZS_x . :> 51 42(8-)6)-’—7

= 9% + 16 —2x =]

= 3% = -1

= X = -3

v X=+3 ond 3: W,

However, other systems, like some with three unknowns, are more efficiently solved using digital
technology.

12x+34y+08z=11  axiex A |

e 1

For example, to solve the system 1.8x+0.8y+1.2z=5 we could use the Equation application.
21x+1.8y+3.8z=12

B
Bt ey Open the SIMUL (E]) menu.

Select Type

Fl1:Simultaneous

F2:Polynomial
Iver

jﬂmb |SOLVER)

N\

Choose 3 ([F2]) as this system has three variables
Data Exists In Memory (unknowns).

Unknowns:3

Nu Unknowns?

34l 5 | B

For entry purposes, each equation must be of the form
ax+by+cz=d . Enter the coefficients of each equation into

the matrix provided.
between each entry.

12

e Then SOLVE ([F1)).

clﬂelzl;iﬁl Note that a maximum of five figures (truncated) for each

ol et value in the solution set is displayed in the table. The selected
value is displayed with more figures at the bottom right of

the screen. Use the cursor keys (@ , @) to move up and
( 2.674418605 > down to see each result with more figures or in exact form (if

it is possible for the machine to calculate it).

Z
(REPEAT]
f This application can find solutions for systems containing from two up to six unknowns.

It cannot find solutions to systems with non-unique solutions. The application of elementary row
operations to an augmented matrix can be used in such cases.
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3x+2y+z=4

Solving the system x+y+3z=4  using the simultaneous mode n cE%EE] -
Infinitely
5x+3y—1z=4 Many Solutions
e o . . . =
of the Eauation™ application gives the solution seen right. e

This system does not have a unique solution, but as stated, infinitely many solutions. Such a
result can also be determined by applying elementary row operations to an augmented matrix in
an attempt to produce reduced row echelon form.

3 02 v |4
1y 3| 4
5 3 -\ 4

32 V| &

1y 3|y

0 2 16| 1b) 5R3-R3
ond So ow .

Reduced row echelon form can be reached efficiently using the ‘RunMatrix’ application.

To define the matrix, open [>MAT/VCT (@) and then open DIM (@)

B HatiRadFornd [dic)frb) B [RadNorm) _(ab/c)[Real)
J Matrix
Mat A None
Mat B None
Mat C None
Mat D None
Mat E :None
Mat F :None
o) =Y
—% Set m and n to be 3 and 4 respectively.
Dimension mxn between each entry and
ﬁ m :3 EXE| to complete the definition of the dimension.
M n :4
MaT—r TN
Mat F :None
[DELETE[DEL-ALLL DIM J CSV |

Enter the elements of the matrix,

between each entry.
EXIT| twice to return to the working area of this application.

Look above the number 2 key, you will see
To display the matrix (Mat A), press (and release)

,[2] (Mat) and then (APHA), (X.6T) (A).

EXE| to see the matrix.

JUMP JDELETE DMATVCT) MATH
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To transform matrix A to reduced row echelon form press , MAT/VCT (@]), > ()

and then Rref

([F5)) followed by Mat A and [EXE).

B HatRedFomd [(d7c)(abl B HatiRadFomd [(d7c)asbl B HatiRedFomd [(d7c)asbl
Mat A Mat A
3 2 1 4 32 1 4 5383 -1 4
11 3 4 1 1 3 4| Rref Mat A
53 -1 4 53 -1 4 [(1)(1"85'84]
8
00 0 O
0
(Gaio [t Jmman [ Vot VtoLs? Dot 1 Ton hcs e
I 0 -5 |-u ﬂvow of?.e(os Ld2=t,iéﬂ,.
0) 81¢ 1M\>Hes wfinriely Fom R7, Y= 8- 8t
00 0

o |- wany solvtions. Fvom R1 | Z=-U+5¢

Thus we reach the same solution produced in the Equation application.

Attempting to

10 -5
o1 8
00 ©

3x+2y+z=4
solve the system x+y+3z=5 gives:

5x+3y—1z=4

Fom Ry we see 0O=1.

B EfRdfmd [@elEb

00 0 O
Rref Mat B

10-50
01 8 O
0 00 0 1
[dentityl Dim | Fill(| Ref |Rref (I3

0
0 This 15 & covivadichon , Ths Sys’)ﬂvx has noselvlons.
{

Tt 15 sadto be inconsistent -

Solving the system in the Equation application gives:

R e
an X+bn Y+Cg Z=dn : an X+bn Y+Cn Z=dn
a c
1 2 1 4 No Solution
2 1 1 3 5
3l 5 3 -1 4
3
(SOLVE] NENE{3(CLEARI(EDIT] (REFEAT]
4x+2y+z=5 [ [l e o)
Rref Mat C
Attempting to solve the system 2x+y+3z=—4 gives: 100 21
010 -—
3x+3y—1z=-4 5
001 —%
[dertityl Dim | Fill(| Ref |Rref [l

o <

0 |-
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11.Managing my
calculator

E] MAIN MENU
5 6 XY1Y2 7 an= 8 I
(i3
Graph Dyna Graph Table Recursion

+c=0 =
ConicGraphs Equation rogram  Financial
D E F )

E-CON4  Link ~Memory

S |
SIe1
e w0 |
—

MAIN MENU

) XY1Y2 7 an= 8 I
134
-Em [z 3 a] An+B

El

Graph Dyna Graph Table Recursion
@ ol axibx A =m0
+c=0 ——

ConicGraphs Equation Program  Financial

=N =E

E-CON4  Link
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11.1 Display Settings & Power
Properties

The brightness of the backlight of your calculator’s screen can be altered. A continually bright
backlight will result in a shorter battery life.

8

System | application.

Open the

Choose Display Settings by pressing DISPLAY ([F1)).

F3:Language

F4:Version

F5:Reset
B+=Next Page

[DISPLAYJPY RProplLANGUAGEJVERSION] RESE T /I

(

Now hold down the @ or @ key to alter the brightness of the screen to suit you.
Press [EXIT) to return to the System Manager menu.

Choose Power Properties by pressing PWRProp (F2). g

System Manager

F2:Power Properties

F4;Version
F5§Reset

F6:2 Page
DISPLAYIPWRProp|LA! GUAGEJVERSION/ RESE T =]

Here you can make changes to the time that passes before the

. Power Properties
calculator will Power Off.
 MAuto Power Off

:10 Min.
You can also effect change on the time that passes before the Backlight Duration
. . 130 Sec.
backlight dims.
When the backlight dims the brightness can be restored by T (ET)

pressing any key on the calculator.
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11.2 Operating System update.

This calculator’s operating system is upgradeable. New releases of the operating system occur
from time to time.

——
ystem Manager

= . Fl:Display Settings
Open the Systel application. F2:Power Properties

F3:Language
F4:Version
Open the VERSION (- ) menu. ll::g : ﬁesitp
:Nex
[DISPLAY/PYRProg) [VERSION] ]

The version of the operating system (OS) currently installed on B

your calculator will be displayed along with the version ggr sion
numbers for the Add-In applications installed. 03.10.1202

Add-In Application
At the time of writing the current OS was OS 03.10.1202. g[e)oggggg 8% : 8‘11

For information about the latest operating system please visit http://edu.casio.com
Operating system upgrades ate free.

Select a language. +

Textsize  Small Large

CASIO WEW Worldwide Education Website

[ Products H Educational Resources Support Software & App

Reliable &
Durable

Support Classroom with
Technology

‘K=-0-1-1~
x
-
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11.3 Types of memory

This calculator has two types of memory storage: Main Memory and Storage Memory.

When you define functions, draw graphs, perform calculations, solve equations and so on, the
calculator is using and storing things in the Main Memory.

Storage Memory serves three functions. You can store data in there and copy it into the Main
Memory when you need it (freeing up the Main Memory for processing), Add-In applications are
stored and run from here, photos are stored here and finally eActivities are stored and run from

this memory too.

You can find Add-In applications at : :
http://edu.casio.com ™ II
£ .
I v vy
(EDC
Probability Si ion v1.00 ysium v1.02 Picture Plot v1.01
Simulate coin toss, dice roll, spinner, Display periodic table of elements and Plot points on pictures and analysis.
marble grab, card draw and random fundamental physical constants.
numbers.
© Download © Download © Download
4 4 B
Buwhmuumh TTm - cmri =3un Coobmenun
| I 1w 1> (L] 489 i I - +
427 1000)
Ji 1(kgl*[oz]
foraron N\ 35.27396584)
0P=5.73 e ]
0P0P'=3. [ 3 (D
ry v1.02 Conversion v1.00 ian L v2.00
=2 Memory Manager
Open the ' Memory=s application. F1:Main Memory

F2:Storage Memory

F3:Import/Export

Open the MAIN (E]) menu. F4:Backup
timization

MAIN BACKUP Mozl

2\

Notice that some words have a folder icon to their left, e.g. a i;m?v;eanim Free

LISTFILE. DALPHA MEM
This indicates it is a folder that contains other files. Select ISTETLE

LISTFILE and press to see the files. Ej’SETGP

ZSTAT

E 51024 Bytes Free
Main Mem

GLIST 2
GLISTFILE 1
GLISTFILE 3
@LISTFILE 4

In these menus you can SELECT (E]) and COPY (@]) data
to the Storage Memory.

You can then DELETE () data to free up the Main
Memory for working.

to return to the Memory Manager menu.

Storage memory is ‘flash” memory and can be accessed on a computer via the USB port on the
calculator. It works just like a USB memory stick works. Add-In applications (and other data) can
be simply transferred to the calculator using this feature.
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11.4 Resetting your calculator

You can reset all parts, or selected parts, of your calculator’s memories.

System

Open the

application.

Open the RESET (@) menu.

There are a variety of different options you can choose.

XKKKXKK

RESET KKKk K

Fl:Setup Data
F2:Main Memory
F3:Add-1In
F4:Storage Memor
F5:Add-In&Storg
F6:Next Pags
MAIN JADG=INJSTRGHE

| AS =)

/

B
System Manager
Fl:Display Settings
F2:Power Properties
F3:Language
F4:Version

F5:Reset

F6:Next Page
VERSON/RESET D I

KXKXKXKXK

F6:Next Page
[ M&S | ALL JIANGUAGE =1

RESET XOKK KK
Fl:Main&Storage
F2:Initialize All
F3:Language File

Initialize All returns all parts of the machine to the factory settings. Be careful with this one. It
will erase all data from all calculator memories.
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11.5 Backing up and optimizing

The more you use your calculator the more data you create, some of which will be saved in the

calculator’s memory, especially if you use programs and eActivities.

If you have data saved on your calculator you do not want to lose in the event of a malfunction,

you should regularly backup your calculator.

Memory

Open the application.

Press BACKUP () to open the Backup menu.

Memory Manager

Fl1:Main Memory
F2:Storage Memory
F3:Import/Export

Press SAVE (E]) to start the backup process.

F4:Backup

F5:0ptimi

[ MAIN JSTRGNEW [BACKUP)

E

Backup

Fl:Save Backup Data
F2:Load Backup Data

408 Bytes Free

Select ROOT, which refers to the root directory of the
calculator’s flash memory and press SAVE (E])

BF® 15544 KBytes Free
Save

SAVE >

The backup process will not take too long and when
completed a file named BACKUP.g3m will be stored in the
root directory of the calculator’s storage memory area.

B[ 15544 KBytes Free 2]

Complete!
Press: [EXITI]

SAVE

S
.1BACKUP .g3m
[ —

The file called BACKUP.g3m should be transferred to a computer

O
Link

inl

To do this, open the application of your calculator
and make sure the settings are as shown right.

We will be communicating via the USB cable that came in the

and renamed for safe keeping.

Communication

Cable Type :USB
Wakeup :0On
Capture ‘Memory
[TNDRECY] [CABLEWAKEUPICAPTURE)

box of your calculator.

The Wakeup option needs to be On so that the calculator will
automatically go into communication mode.

Now connect the calculator to a computer using a USB to mini-USB cable. On the screen of the

calculator you will be asked to choose a connection mode — choose

108
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The flash memory area of your
calculator will mount on the
computer’s desktop and you will be A

able to see the contents. It should look S5 =
similar to that seen right.

Copy the BACKUP.g3m file onto
your computer and re-name it with a
name that includes a date.

Details

If you try to back-up your calculator with a file called
BACKUP.g3m in the root directory of the flash memory, the
warning message seen right will be displayed.

If you have transferred previous back-ups to your computer
you could happily over-write it.

*= Removable Disk (H:) E]@@
File Edit View Favorites Tools Help :‘)',"
L’.‘ /: ) Search \L Folders v S_, Folder Sync
vl Go
File and Folder Tasks N
=~ @
) Make a new folder '/, ./I =
Publish this folder to th -
e\l\‘l“el::s is folder to the
¥ Shmlisl @Maintem casio BACKUP.g3m
Other Places
a My Computer N
() My Documents
) Shared Documents
‘d Ihylietwork aces Conv.g3a EACTWORK.tmp Geometry.g3a
Physium.g3a PictPlot.g3a ProbSim.g3a
B
S
[BACKUP.g3m 1
Already Exists
Overwrite OK?
Yes: [F1]
No :[F6]
[ SAVE

Putting the contents of a back-up file back into your calculator can be done as follows.

Save the appropriate back-up file into the root directory of
your calculator’s flash memory. Be sure it is named
BACKUP.g3m — if it is not, the calculator will not
recognise it as a back-up file.

Memor:

Open the application.

Press BACKUP () to open the Backup menu.
Press LOAD (@]) to load a back-up file.

Choose ROOT and then press LOAD (E]) to start the

process.

2]
Backup

F1l:Save Backup Data

F2:Load Backup Data

70 Bytes Free
| LOAD

15528 KBytes Free

po=za1=
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Like all computer devices, the memory of your calculator can become fragmented. To keep your
calculator in good health, a ‘de-frag’, or optimise, option is provided. If important data is saved
on your calculator, backup the calculator’s memory before optimising.

\ Memory Manager
Open the ' Memory application. F1:Main Memory

F2:Storage Memory
Use OPT @ beoin th o Fi:émpﬁrt/Export
se to begin the optimization process. :Backup
(=) & p p F5:0ptimizatig
[ MAIN JSTRGNEW PC JBACK IP]B/z1ll

The process will take a minute or two to complete, depending on how much data you have
stored in the calculator.

(@)

M M

IE‘ One Moment Please g Complete!

llf_' = ] ll:: Press: [EXITI]
F =P 5 5 F5;0ptimization

[ MAIN JSTRGNEW PC JBACKUPIJz1l] [ MAIN JSTRGNEW PC JBACKUPB/z1il
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My notes
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Index

Absolute Value 76
Add-In application 106
Angle 21
Ans function 8, 20
Area under function 84
Area between functions 85, 86
Axes 26, 60
Back up 108
Backlight 5,104
Binomial Distribution 53, 88, 89
Boxplot 33, 35, 36
Clear screen 68
Command 46
Communicating 108
Complex mode 70,73
Complex roots 72,73
Confidence intervals 93, 94
Coordinates 59
Cube 10
Cubic equation 72
Data 34
delete 33,34
enter 34
entry error 34
Decimal approx. 13, 14
17,18 ,20, 21, 30

Decimal places 16
Degree 21
Delete a single line 9
Delete All 9,12
Delete data 33
Deleting 9,10
Definite integral 82-84
Derivative 59, 67, 68, 75-77, 79
Display setting 17
Domain 63
Dot 62
Draw 27
Editing 10
Enter formula 71
Enter text 40
Entry error 7
Equation 70
Equation of tangent 67, 68, 77
Equations 30
polynomial 30
quadratic 30
simultaneous 30
solve 30
Exact form 13,17, 20, 30
Exit key 10, 11
F keys 9, 46
Factorial 47
Factory settings 6
First derivative 76,79
Five number summary 36, 37
Formula 71
Fraction key 14
Fraction to decimal key 13
Fractional form 8, 14
Fractions 13
Fragmented 110
Function 27

112

draw 27

de-select 27

select 27,28
G-Solv 29, 66, 80
Gradian 21
Graph 24,27, 59
Graph from table 25, 26
Histogram 49, 51, 54
Inconsistent 102
Infinitely many solutions 102
Initialize all 107
Inflection point 79
Integral 81-84, 86
Intersection points 28, 29, 30
Inverse normal 91
Least Squares line 42
Light 5,104
Line of best fit 42
Linear equations 100
Linear mode 19
Link mode 108
List file 32
List operations 49, 50, 52
Logarithm 18,76
Main Menu 6
Math mode 17
Matrices 96-102

add 97

define 96

determinant 98

equation 99

inverse 98

multiply 97
Maximum value 66, 78
Memory 106

main 106

storage 106
Memory Manager 106
Mean 37
Mixed number 13
Mode 37
Navigate histogram 51
No solutions 102
Norm1 16, 22
Norm?2 17,22
Normal distribution 55, 90, 91
Not found 29
Operating system 105
Optimization 110
OPTN menu 46
Pi 18
Pixels 61
Points of intersection 29, 30
Polynomial 30,72
Power 10
Power properties 104
Previous answer 8
Pythagoras 20
Quadratic 30
Radian 21
RanBin# 53
Random numbers 47,49
Random process 53

RanInt# 48
RanNorm# 49, 56
Reduced row echelon 101
Reset 107
Residual plot 43,44
Residuals 43 44
Round 16
Row echelon form 101
Row operations 100, 101
Scatter plot 39, 40, 41
Scientific notation 10, 22
Screen menus 9,11
Second derivative 76
Selected 27
Set Up 22

Equation 70

Graph 59

Run-Matrix 22

Statistics 32
Simplified form 17
Simplify 23
Simultaneous equations 30, 100
Sketch 68
Skewed 56
Solutions 102

inconsistent 102

infinitely many 102

no solution 102

unique 102
Solve 30, 71
Solving 30
Square 10
Square root 8,17, 20
Square view 61
Standard deviation 37
Stationary points 78
Storage memory 106
Summary statistics 37
Summing two lists 52
Table of values 24, 64
Table settings 25, 64

end 25, 64

start 25, 64

step 25, 64
Tangent 67,68,77,78,79
Text lock 34
Trace 26, 36, 68

boxplot 36

graph 26, 68
Trigonometric calculations 21
Truncate 16
Two decimal places 15
USB cable 108
Unique solution 102
View-Window 26, 61

Xmax 26

Xmin 26

scale 26
X-Cal 66
Y-Cal 80
Zoom 28
Z.oom auto 65
Zoom previous 65
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