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Introduction

Maths Quest Manual for the TI-Nspire CAS Calculator is a comprehensive, step-by-step guide
to using the TI-Nspire CAS calculator. It is designed to assist students and teachers to integrate
Computer Algebra Systems (CAS) into their learning and teaching of Mathematics. It is intended
to be used by students and teachers to supplement the Maths Quest series for VCE.

Features

¢ Full colour screen shots

* Each chapter is divided into ‘how to’ sections that provide clear, step-by-step instructions
for the user.

» Easy-to-follow keystrokes and screen dumps accompanied by explicit explanations are
provided.

Note: This book has been written for the TI-Nspire CAS Operating System Software version 4.

vi Introduction



CHAPTER 1

Navigating the TI-Nspire

To begin using the TI-Nspire, look carefully at the diagram below and note the important features. The features
highlighted are the most commonly used features and will be referred to throughout this book.

Removes menus

or dialog boxes
from the screen.
Also stops a
calculation in
progress.

Opens the

Scratchpad for
performing quick
calculations and
graphing.

Moves to

the next entry field.

@ Provides access
to the function or
character shown
above each key.
Also enables
shortcuts in
combination with
other keys.

Makes the

next character
typed upper-case.

Use these multi-
purpose keys either
alone or in

combination with
other keys, such as
Ctrl.

TI-Nspire™ Touchpad
Use the centre area as
you would a laptop
touchpad. Use the

outer edges as right,
left, up, and down
arrows.

Turns on
the handheld. If the
handheld is on, this
key displays the home
menu.

Opens the

Tools menu.

Displays
the application
or context menu.

Deletes the

previous
character.

Displays

stored variables.

Evaluates

an expression,
instruction, or
selects a menu
item.

Note: The operating system used in preparing this book is version 4. The instructions described in this book are for
the TI-Nspire CX CAS calculator and all instructions are given for default settings. Please note that the operating
system works on the TouchPad and ClickPad versions as well — but not in colour. To update your operating system go
to www.education.ti.com and follow the links.
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1.1 How to change System Settings

1. When the TI-Nspire is first turned on, it starts with
the Home screen as shown. You can return to this
screen by pressing the key with the house icon

. Settings contains tools that allow the user to

change the settings on the calculator. Use the arrow
keys on the Touchpad to move to select Settings, or
press:

¢ 5: Settings @

2. Now press:

* 2: Document Settings @

4:Status
S:Login
6 Network

3. Use the tab key to move down through the
settings. To move back to a previous setting, use the

Display Digits
shift key followed by the tab key . Tab to PRy8 e
Angle: | Radian |

Exponential Format | Normal _J

b

Calculation Mode l Auto _I

_‘ Document Settings

Calculation Mode.

Vector Format: IF‘.ectanJular |

?! 'Restore) Make Default] OK! Cancel

2 Maths Quest Manual for the TI-Nspire CAS calculator



4. To set the calculator to Approximate mode, press:

_‘ Document Settings
e CLICK|Z|
Display Digits Float6 |

Use the down arrow W on the Touchpad to scroll to
the Approximate option. Then press: ANG®
. ENTER Exponential Format: I_No:mal :]

Pressing the enter key again ensures that you E [Peal ]

have locked in the new setting. Other settings can be Calculation Mode: | Approximate

changed in a similar way. Vector Format: | AUt s

?! |Restore| |Make Default] OK! Cancel

1.2 How to use the Notes application

1. One of the features of the TI-Nspire is a Notes
application that allows the user to write and save
text and mathematical statements. It also allows the
user to share notes with other TI-Nspire users and to
download prepared notes from the computer.

The Notes application can be found on the Home
screen. Use the arrow keys on the Touchpad to select
the Notes icon. then press:

- ENTER (enter). @@.

Add Notes to. Ne

2. You can type text using the letter keys. The shift 22+ 1: Actions

key will insert uppercase letters. It is also 24 2: Templates

possible to use common formats such as bold, ¥ 3 Insert » A .
italics, underline subscripts or superscripts. To do A\4: Format [ 2 1: Format text, .
this, highlight the required text, hold down the shift =R

key and use the arrow keys on the Touchpad, J= 6: Calculations »13: Fill color

then press: |4: Text color

« MENU (menv)
e 4: Format@

¢ 1: Format text ... @

Options to format the text include bold, italics and
more.

Navigating the TI-Nspire 3



3. Itis also possible to colour text in a notes

225 ' b rao &N
application. Colour can now be used in Graphs, S
Geometry, Lists and Spreadsheets, Data and %ﬂ g Ig:glates : e letter keys.
Statistics and in the Notes application. Colour is not .
available on the Calculator application. To colour the fb": Format #1: Format text...
text, highlight the text as before, then press: & . , ’

J= 6: Calculations »{3: Fill color

o ctrl @ 1 Te 0
* MENU (menu)

¢ 4: Format @

¢ 4: Text color @

4. Using the arrow keys, on the Touchpad, choose a
colour for the highlighted text.

5. Itis also possible to colour the background,

highlight the text, repeat the above and use the fill
colour. You can type text using the letter keys. You

can bold, italicise and underine

4 Maths Quest Manual for the TI-Nspire CAS calculator



6. To insert another Notes page into this document,

press:
You can ty 2L 1: Problem
doc (doc) canbold,{ 1 Fie |2: Page (Ctri+)
e 4 Insert@ can also hi 53 5"“ 3: Calculator
: View 4.
* 8:Notes( 8). 4: Graphs
4 l"'“*‘5: Geometry
5: Pagde: | jsts & Spreadsheet
6: Refr{7: Data & Statistics
7: Setti
8: Logifg: Vernier DataQuest™
O .
& 9: Presia: program Editor »
. You can use this page to perform calculations, pose 22+ 1: Actions
questions and write proofs. For example, let us pose i ate
the following question in this new Notes page: ”"f ;se rt
Simplify 2a* x 54°. A 4: Format
To do this we require the Q&A template. To access =
this, press: J= 6: Calculations
+ MENU
e 2: Templates @
¢ 1: Q&A @.

. Type the question in the Question field. Then use
the down arrow W on the Touchpad to move to the
Answer field and type the answer.

Note: To type a power, press the hat key @ Use the
tab key to exit the superscript mode.

Question

Simplify 222 *Sa>

Navigating the TI-Nspire 5



9. The answer can be hidden from view. To hide the 22: 1: Actions
answer, press: 24 2: Templates

* MENU (meny) ¥ 3: Insert i 2

* 2: Templates @ If‘_g‘t Format Al3: Defautt

* 4: Hide Answer @ J= 6: Calculations
Answer )
10a°|

10. The answer is now hidden. The answer can be
recalled at any stage. To show the answer, press:

« MENU Question

e 2: Templates @ Simplify 2a2 *Sa 3|
¢ 4: Hide Answer @

Note: In addition to what has been shown, the Notes
application provides shortcuts to add and evaluate
mathematical expressions.

Answer ®

1.3 How to navigate between documents and pages

1. To insert a Calculator page into this document,
press:

« HOME (Gl on).

With the Calculator icon selected as shown, press:

* ENTER (enter).

Note: You can delete this document and start again
or save it for another time. More information about

deleting and saving documents is provided in - '
FO0ane®

X Add Calculator to; N

6 Maths Quest Manual for the TI-Nspire CAS calculator



2. Now press:

¢ doc
¢ 4: Insert @
¢ 1: Problem @

¢ 1: Add Calculator @

=1.Add Caiculator

SZ:Add Graphs

N 3:Add Geometry

- J4:Add Lists & Spreadsheet

115:Add Data & Statistics
6:Add Notes

47:Add Vernier DataQuest™

Press menu

3. Notice the 1.2, 1.3 and 2.1 in the tabs in the top left

corner of the screen. The first two refer to pages 2
and 3 of problem 1. The current page is indicated
by the light background,; this is page 1 in problem
2 of the current document. To toggle between these
pages, press:

e ctrl @

* left arrow 4
or

e ctrl @

* right arrow p

or simply click on the arrows next to the tabs.

. Press:

e ctrl @

¢ up arrow .

This brings up the page sorter view. From here
we can see the current page with a thicker blue
border around it. We could delete the page from the

document using , or copy the page or reorder the

pages. This can be very useful if a document has
many pages. When a page is selected, pressing the

enter key makes the page active.

¥ Problem 1

¥ Problem 2 @

Navigating the TI-Nspire 7



5. Problems can be named by selecting the problem
name as shown, then pressing:

¥ Problem 1

o ctrl @ ~—
+ MENU P
¢ 7: Rename @

Each document can have at least one and up to ¥|Linear functions ]m
30 problems. Each problem can have at least one
and up to 50 pages. Each page can have up to four
different work sections; these can be grouped as any
combination of the different applications.

1.4 How to save and delete TNS files

1. We have not as yet saved our document, this is
indicated by the *Doc at the top of the screen. To

save a document, press: Save In [My DOCUMSHts @
e ctrl @ Name Type Size
| Dictionary Folder =
hd ='8 .
|- Downloads Folder I
The following screen appears. You can press tab to | Examples Folder
move to a folder in which to save your document. 9 Images Folder S
There may be some saved files or folders already
. File Name: |Catculat|ons |
there, so name your document something you
will remember easily. We will name this file - -
) . L . Save| Cancel
Calculations. Type ‘Calculations’ in the File Name

dialog box. Tab to Save and press the enter key

2. Calculations is now saved as a TNS file. We can see
the file name at the top of the screen. Also, there is
no * next to the file name. If you make any changes |
to the document, the * will appear in front of the file
name. This indicates that you have made changes
but have not resaved your document. To resave the
document at any time, press:

. ctrl@
- s[s].

Note: These shortcut key commands, along with
many others, are similar to those used in Microsoft
Office.

P Calculatons <

8 Maths Quest Manual for the TI-Nspire CAS calculator



3. To close the file, press:

¢ doc
« 1:File(1)
¢ 3: Close @

or simply click on the red X close box in the top
right-hand corner of the screen.

To find this document at some later stage, press:

« HOME
e 2: My Docs @

4. Scroll down to your saved document: Calculations.

Pressing the enter key would recover and Name

reload the document. £+ Dictionaty OK A~
Throughout this book we will often not save the £¥ Downloads OK
files, so you will see *Unsaved at the top of the ¥¥ Examples 115K

screens. Saving the file would create further
instructions. However, when we are dealing with a
series of related calculations and working on a long ¥ MyLib 35K
involved problem, we will save the file and give
instructions on how to save the file.

IV Images OK

¥ Screen Captures
LV Stacks
B Catculations

5. To delete a document or to free up memory, press:

 delete . , Name

£+ Dictionary

The screen shown appears. Since Yes is selected,
pressing the enter key will delete the file and

the file name will disappear from the file listing.

Are you sure you want to delete document
‘Calculations™?

Yesl Cancel

| V' Stacks 0K
B Calculations 1 3K

Navigating the TI-Nspire 9



1.5 How to perform basic calculations

1. To perform simple calculations, we can use the
Scratchpad. This is just a work area for calculations
that do not need to be saved in a document. To open
the Scratchpad and use a Calculator page, press:

+ HOME

* A: Calculate [A]

or
i CO0emem
The Scratchpad can only be used as a Calculator or = -

Graphs page.

2. Type the following examples as shown, pressing the

enter ke to get the answers.
y g

(a) 2.5x3.1
b inzg
®) 2 5 5

This reveals an important fact: fractions need to be
entered correctly.

3. Alternatively, you could use the fraction template.
To do this, press:

i ctrl@
. _®

Try the above examples again using this template.
Use the tab key to move between fields.

10 Maths Quest Manual for the TI-Nspire CAS calculator



4. If you find you have made a mistake and, in fact,

wished to enter +x 16 =, use the arrow keys on the

Touchpad to move back through the working and
highlight an earlier entry you wish to alter. Then
press:

* ENTER (enter).

5. Use the back arrow 4 and the delete key (@) to delete
numbers, and then type in new numbers. Use the tab

key to move between fields.

Note: To convert the exact answer to its decimal
equivalent (or approximation) as shown, press:

. ctrl@
* ENTER (enter).

6. If your screen is getting too congested, it can be " 1: Actions 1 Define
cleared. To do this press: 052 Number »§2: Recall Definition
* MENU (end) \= 3: Algebra P13 Delete Variable
. 1:Acti0ns® fe14: Calculus Pl4: Clear a-z...
® el
e 5: Clear Histor . T A o
Y ,\r 9 Stan§tncs » 6: Insert Comment
(28] 7: Matrix & Vector -
$¢8: Finance p|7: Library g
8: Lock »

Navigating the TI-Nspire 11



7. Mixed numbers must be entered using brackets.

For example, 2% must be entered as (2+ %)

Now try these.

1_42
22-1£=

(@ 22-12
b) 11+2=

®) 4 3

1.6 How to use the Mathematical Expressions palette

. If the Calculation Mode in the General Settings is set
to Auto, the calculator will produce answers in either
exact or approximate form, depending on how data

is entered. For example, 2+/3 X 3v/2 will produce
the answer 6+/6 as shown. The approximate value

is also shown. In exact form, answers will always
be given exactly. In approximate form, answers will
always be given as decimal approximations. The
number of decimal places displayed is determined
from the Display Digits in the General Settings; for
this example they are set to Fix 3, that is 3 decimal
places.

. Sometimes the calculator returns surprising results
such as those shown.

Note: The calculator will automatically rationalise
the denominator of a surd.

Bx|

14 697

12 Maths Quest Manual for the TI-Nspire CAS calculator



3. Numbers can be entered using the Mathematical
Expressions palette. To do this, press:

The Mathematical Expressions palette will appear as

shown. Use the arrow keys on the Touchpad to select
the required mathematical notation.

‘_ 9 u | Scratchpad =

_;»Es 2

# o Vo ¢ | {88 G
Bl fo o g0 £0

jol | & 9 ba

£ B o g

4. You can now use conventional mathematical
notation as required. Some examples are shown.

1.7 How to perform common numerical tasks

1. Some other interesting features of the calculator are
shown in the screen opposite.

For example, to find the prime factors of a number,

Ty 1: Actions

C s |

-+ 2: Number
\= 3: Algebra
{t04: Calculus

\ 6: Statistics
(58] 7: Matrix & V
$¢8: Finance

W S: Probability [4: Least Common Multiple

1: Convert to Decimal
2: Approximate to Fraction
3: Factor

5: Greatest Common Divisor
6: Remainder

7: Fraction Tools »
8: Number Tools »
9: Complex Number Tools »

Navigating the TI-Nspire 13



2. Complete the entry line as:

factor(1000).

factor 1000)
Then press the enter key . 2
Examples of finding the Least Common Multiple lem(2,8)
(Icm) and the Greatest Common Divisor (gcd) are ged(72, 36)
also shown.

1.8 How to transfer files between calculators

You can send documents and the operating system (OS) files to another calculator. If a file with the same name
is already stored in the receiving calculator, the file will be renamed automatically. For example, if the file was
FileName and the receiving calculator already has a file called FileName, then the incoming file will be renamed
FileName (2).

1. To send a file between calculators, first you must
connect the calculators with the connector cable.

To locate the file to send, open My Docs by
pressing:

- HOME
e 2: My Docs @

2. Select the file (or folder) you wish to send by using

Narme Al Size

the arrows on the Touchpad.

¥ Unsaved Document 2
My Documents 687K I

Examples 294K

Advanced Functions 2_0 16k

Four Fours 2_0 4K

B Getting Started 3 0 \ 120K

Introducing CAS 2_0 SK
Optics Explorer 2_0 19k iv

14 Maths Quest Manual for the TI-Nspire CAS calculator



3. To send a file from My Docs, press:

¢ doc
* 1:File (1)
e 6:Send @

While the file is being transferred, a progress bar
will be displayed. A message will appear when the
transfer is complete. No action is required on the
receiving calculator.

* Unsave
% My Dog

19 Exan
A

. To see the current version of the operating system on
your handheld calculator, along with battery levels
and available memory space, press:

+ HOME
e 5: Settings @
¢ 4: Status @

Batteries ia 100%

Version: 3.0.1.1753
Avallable Space: 101.2 MB out of 115.2 MB

Network: Wireless client is not attached
Login: Not logged in

| About|

. To send the operating system from one handheld

to another (to update the operating system on the
receiving handheld calculator no action is required),
press:

« HOME
e 2: My Docs @
* MENU (menu)

+ A:Send OS [A].

This may take a few minutes. Do not disconnect the
two handheld calculators until prompted to. The files
on the receiving handheld calculator will remain
intact. Make sure you send operating systems to

a handheld that is compatible, for example, you
cannot send a CAS operating system to a non-CAS
handheld.

% 1: New Folder
£l
3: Save As...
% 4: Open
5: Close (Cri+W s
6: Send
= 294K
4 pse / ns 2.0 16K
9 Settings & Status » 4K
‘° : send O 120K
C:Delete All oK
.1 Optics Explorer 2_0 19K L)
v
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1.9 How to transfer files between calculators and computers

Many useful TNS files are located at http://education.ti.com/educationportal/sites/US/homePage/index.
html and can be downloaded to a handheld calculator free of charge. These files can be transferred between
computers and calculators. To do this, you could use the TI-Nspire Computer Link Software, which will need
to be installed on your computer, or use the TI-Nspire Student Software emulator. To send a file between a
computer and a calculator, connect the handheld calculator to the computer with the USB cable. Open the
TI-Nspire Teacher or Student Software and select your handheld calculator. Now select the Content tab on
the screen. Open the folder in which the desired TNS files have been saved. Drag this file or folder to the TI-
Nspire handheld. This will copy the file onto the handheld calculator. A new folder with the current date as its
name will be in the My Documents folder with the transferred files.

Samng Manes 3 S
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CHAPTER 2

Variables and expressions

The instructions that follow will assist you in working with variables and expressions, which are common features of
many mathematical processes.

2.1 How to simplify algebraic expressions

1. Itis often necessary to open a new document. To do _
this, press:

. ctrl @) factor(100) 22,62
« N[N]

Select: Do you want to save ‘Unsaved Document’?

No (if you do not want to save the current ‘ I-l . ,
document). Yes| §No|| |Cancel|

Then press ENTER .

2. To work with variables, open a new Calculator page.
To do this, press:

* 1: Add Calculator @

2:Add Graphs
3:Add Geometry
~_J4:Add Lists & Spreadsheet
S:Add Data & Statistics
6:Add Notes

| J7:Add Vernier DataQuest™

Press menu

Variables and expressions 17



3. Complete the entry line as:
2mn+3nm.

Note: The result shown occurs because the two
variables were entered without the multiplication
operation between them.

2-mn+3 nm
"Emror Vanable is not defined™

4. This is the answer you should expect.

2:mn+3- nm 2 mn+3
22mn+3 nm Smn
|
5. Try simplifying the following. «EER» I
(@) n+4+3n+7 ~
> 2 £
(b) 5y2+3y+2y2_7y 2mn+i nom Smn
(c) 6px9Yhn 9 n+d+l n+7 12 n+11
(d) _42kgh 5 3243 342 y2-7 7 y°-4 y
Tkh
. . . . 6p9hn S4 hnp
Again, note the importance of including the
multiplication sign between variables. 42 kg h 6 g
7 kh
6. If the screen appears congested, it can be cleared by " 1: Actions 1: Define
completing the following steps. Press: ‘ 52 Number 2. Recall Definition
* MENU (mend) \= 3: Algebra 3: Delete Variable
e 1:Actions @ 1o 4: Calculu.s‘ 4: Clear a-z...
@ 5: Probability 5. Clear Histor

* 5: Clear History @

\ 6: Statistics

R ; 6. Insert Comment
58] 7: Matrix & Vector

$¢8: Finance ; Libr:ry Y

#1 9: Functions & Programemses 4

[ A2 Kg N 6 g I
7k h

v
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2.2 How to substitute values for pronumerals

1. Answer the following question.

Find 7a + 8b — 11c givena=2,b=3 and c =5.

7a+8b-11¢|

To do this, on a Calculator page, complete the entry

line as: 2 <W
TJa+8b—1lcla=2andb=3and c=5.

To get the given or with symbol |, press the ctrl key
@ and then @ to bring up the palette shown. Use
the Touchpad to select the | symbol. Type ‘and’, or it
can be found in the catalog .

v
IA

2. Then press enter .

7 a+8 b-11 cla=2and b=3 and ¢=5 -17

3. Answer the following problem using the same
process as above.

The area A of a circle of radius r is given by A = 7r°. 7 a+8 b-11 cla=2and b=3 and ¢=5 17

Find the area of a circle of radius 6, giving your ”
answer correct to 4 decimal places. nrop=6

Note that the @ key is located at the bottom left of

the calculator, next to the alpha keys and [E] When
the Calculation Mode in the General Settings is set
to Auto, a decimal approximations can be accessed
by pressing:

. ctrl@
* ENTER (enter).

P N 113097
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4. To set or change the number of decimal places
for the current document and all new documents,
using the cursor, click on the Document Settings
icon located next to the close box. Then press:

21S:Login... 3
* 2: Document Settings @ xT 6:Ne%work... e
Jt r2P'-6 113 097

5. Press the down arrow w on the Display Digits _
box and then select the number of decimal places
required. For example, Fix 4 means 4 decimal Display Digits. | Fix 4

laces. m
p Angle Float 1
b Float 12

Exponential Format: | gix o

>

~

A

Real or Complex | FIx 1

Fix 2
Calculation Mode

Fix 3

Vector Format

; Restore| |Ma e Cancel
el besbroniang Fix 6 =

<

6. To apply these settings to all new documents,
including the Scratchpad, press the tab key

a number of times until Make Default is selected.
Then press: Real or Complex [ Real

8]
- ENTER (@ier). Calculation Mode [ Auto [» |
¥

Exponential Format | Normal B =

3

A

Vector Format [ Rectangular

A

Base | Decimal

E] |Restoue| |Make Del'aultl |E| |Cancel|

7. The following screen appears. Press:

« ENTER (enter),

You will then be returned to the Calculator page,
which was the last page on which you were working.

Apply your settings to open document and save
them as default for new documents and

Scratchpad?

@] |Cancel|
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2.3 How to substitute values using function notation

1. Consider the following problem.
Ifyzx4 —%x3 +3x? —%, find y when x = 3.

Let us define y as f1(x). For this problem, we will
use the Scratchpad. To open a Scratchpad, press:

« HOME (@ o)
* A: Calculate @

Or press:

2. An empty Scratchpad will appear. The Scratchpad
can be used only as a Calculator or Graphs page
and can be used for quick calculations. A subset of
the menus normally available for the Calculator and
Graphs screens is available in the Scratchpad.

3. To define the function, press: 1 Actions N

« MENU (menu) s 2: Number »|2: Recall Definition

. 1:Acti0ns® \= 3: Algebra P{3: Delete Variable
{40 4: Calculus » 4: Clear a-z..

+ 1: Define (1. ¥ S: Probability MS: Clear History
\ 6 Stangtlcs ’ 6: Insert Comment
28] 7: Matrix & Vector » e ——
$¢ 8: Finance “Library 4

8: Lock »
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4. Complete the entry line as:
Define f1(x)=x* - gﬁ +3x2 16

9
Then press the enter key .
Then type f1(73) and press the enter key .

¢ 3 B
Ew:ﬁn»aﬂlrl-x‘—: 43 a-

f1i-

f1i-3)

2 16

9

5. Try finding f1 (a+b).

Note: When entering a function that has been
defined already, the calculator denotes the defined
function in bold to serve as a reminder that it has
been defined.

£ 4
[Il-‘:ﬁn-:«;‘fl.tl-.r"—: X+

f1i-3)

f1i-3)
flla+s |

3

16

L

FA =

Y

2.4 How to expand algebraic expressions

1. To clear the Scratchpad page or a Calculator page,
press:

« MENU (menu)
. 1:Acti0ns®

* 5: Clear History @

T 1: Actions T: Define
b5 2: Numnber H§2: Recall Definition
\= 3. Algebra "3: Delete Variable
194 Calculus W4: Clear a-z...

@ 5: Probability v

|\ 6: Statistics N e s
E;s‘;]?: Matrix & Vector »jo- Insert Commerk
¢8: Finance , Z t'bf:fy

At 5. LOC
idn. 278352

f1laes|
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2. To expand expressions, press: U 1: Actions .m

« MENU (meny) bs 2: Number |1: Solve
. e \= 3 Algebra |2: Factor

3 Algebra (3) e ETE—
* 3: Expand @ @ S: Probability4: Zeros

TV 6: Statistics |50 Complete the Square
28] 7: Matrix & \|6: Numerical Solve
$¢ 8 Finance |7: Solve System of Equations »

8: Polynomial Tools »

9: Fraction Tools »

A: Convert Expression »
v

3. Use the steps outlined above to expand the

following.

(a) 2(c—d) expand(2-(c-d))

(b) x(x—y) expandlx-(x-))

(©) 2x(x+8)- 4x(x2 +3) e:-:pand(zx‘l:x-o-a‘]- 4'.r-(x2 + 3})

(d) (x+2)(x=2) 4> 4200 +4x

Note,- Make a habit Qf iqcluding the multiplication expan d(_Ll"* 2)-x- 2\) -
sign rather than leaving it out.

2.5 How to factorise algebraic expressions using Highest Common

Factor (HCF)
1. Clear th.e Scrat.chpac'l page. To factorise algebraic U+ 1: Actions
expressions using Highest Common Factor (HCF), bs 2. Number
press: \ 3: Algebra
« MENU (menu) fes4: Calculus |* Expand
: ilitud: Zeros
« 3: Algeb W S: Probability
&€ ra@ T 6: Statistics |5 Complete the Square
* 2:Factor @ 29 7: Matrix & \{6: Numerical Solve
$¢ 8 Finance [7: Solve System of Equations »
8: Polynomial Tools »
9: Fraction Tools »
A: Convert Expression »
w
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2. Follow the steps above and complete the entry lines

as shown to factorise the following expressions. A | Seratchpad < Ix
(a) 12k+28 factor 12-k+28) 4(3:k+7) ©
(b) ~12bm—20abc factorl-12:5-m-20-a-b-c)

(©) 11x°y—11xy? . . Sl

d) x*-7 factorl‘.l 15> 3=1 1‘.1’-}'2) 11 [ -yly
Note: If the factors are irrational, such as those fa.:tor(r:':_jxj (x+\/; ‘Jllt-\[; )

in (d), you must complete the command as

shown: factor ()c2 -7,x).

2.6 How to add and subtract algebraic fractions

1. To add algebraic fractions, it is necessary to find a —1: Actions >

common denominator. To do this, press: L s RENUMBER[T: Convert to Decimal
= 3. Algebra  [2: Approximate to Fraction

« MENU (men) {94: Calculus |3: Factor

. 7. @ 5: Probability |4: Least Common Multiple

2: Number @ { 6: Statistics |5: Greatest Cornmon Divisor

« 7: Fraction Tools (7) 28] 7: Matrix & V{6: Remainder
1: Proper Fraction ools »

* 4: Common Denominator @ 2: Get Numerator ools »
3: Get Denominator Number Tools

2. Using the steps outlined above, complete the entry
line as:

+
x+4 x-3 comDenom|—+
x+4 x=3

Then press the enter key .

Note: You will need to use the fraction template by
pressing the ctrl key @ and then @

comDenom (i L) 3 5 |
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2.7 How to multiply and divide algebraic fractions

1. To multiply or divide algebraic fractions, press the
ctrl key @ and @ to get the fraction template, and
type the fractions directly onto the screen as shown.

3xy | 4x
a) —+—=
(@ 2 9y
(b) 4 Xx—7

(x+D3Bx-5 x+1

Note: Include the multiplication operator between
the variables.

be+1){3 =5 :

2. Notes

1 Pressing the tab key will bring the cursor to
the appropriate line of working.

2 Include the multiplication operator between
variables and brackets.

2.8 How to factorise over the complex number field

1. To factorise over the complex number field, clear the
Scratchpad page and press:

* MENU (menu)
. 3:Algebra®

* C: Complex [C]

e 2: Factor @

Iy 1: Actions

.m

b5 2: Number

- 3t Algebra

{e14: Calculus

W S: Probability
\ 6: Statistics
(58] 7: Matrix & \{

$¢8: Finance

bt 3. 7£10S

s

4: Zeros

S: Complete the Square
6: Numerical Solve

7: Solve System of Equations »
8: Polynomial Tools

9: Fraction Tools

A: Convert Expression
B: Trigonometry
C:Complex

D:Extract

v v Vv Vv VeVvw
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2. Complete the entry line as:

cFactor (z2 +9,72).

Then press the enter key .
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CHAPTER 3

Linear functions

The study of linear relationships is integral to all studies of mathematics and forms the platform on which the

understanding of the behaviour of functions is based.

3.1 How to plot linear graphs

1. To open a new document, press:

« HOME
¢ 1: New Doc (D

& 1:Add Calculator
W 2:Add Graphs
(M3:Add Geometry

You will be asked if you wish to save the previous LJS:Add Data & Statistics
unsaved document. If you do not wish to do so, 6:Add N°te§
select: | J7:Add Vemier DataQuest
* No.
To enter data, add a Lists & Spreadsheet page by
pressing:
* 4:Add Lists & Spreadsheet (4).
2. The page shown will appear. Note that the cursor 1112
is over cell Al. You can use the arrow keys on the - : -
Touchpad to move between cells. ‘% 6 {( 0 '.
= l
1 |
2 |
—_— —t S E— —
- 1
hd | )
5 ' T 1
| =

-~
EY
v
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. To plot the points for the linear graph with the rule

y=3x+2, follow the steps outlined below. Enter the
x-values in column A. Start with —10 in cell A1, -9
in cell A2, etc. all the way down to 10 in cell A21.
There are more efficient ways to do this; these will
be described in later chapters. Be sure to press enter
after each value. To label column A, use the
up arrow . to scroll back to the very top cell of
the column, next to the letter A. You should see by
the dark line that appears around it that the cell is
selected. Call this column xvalue by typing these

letters, then press enter .

0

®F xvalve | P15
' ‘ '10‘
i .9'

8
4 -7.
[~ '6 <
0]

4. Similarly, to label column B, use the right arrow p to
move into cell B. Call this column yvalue, then press
; @ * xvalue ® yvalue D 'n
enter . The grey header cell below B is now . b4 | i |
highlighted. Complete the entry line as: = xvaluu»jl
=3x xvalue+2. ' -10
Note: The formula appears at the base of your “ 9
screen, which allows you to edit it at any time. '8.
-t '7.
[~ '6 =
5| yvalue =2 xvaluuj | a I » |
5. Press and the values appear in the column. I 1
@ " xvalue ¥ yvalue ‘i
- =3*value
' 10 28
. 9 -25
-8 22
4 -7 -19
3 6 16 -
51| =2 [«]»]
6. To.produce alQuii]k Cf}rﬁph on this pag.gl,)e, foT these 1. Actions b
points, complete the following steps. Press: §: 2. |nsert P — - o
* MENU (menu) 1353 Data M1 Generate Sequence |+l
\ 4 Statistics pJ2: Data Capture »
e 3:Dat . =
ata (3) S: Table 3 Fil
* 9: Quick Gra h(:). [
o ’ . = 5: Random »
Note: A Quick Graph will be shown in a split screen 2 2 M
for easy reference. Instructions for a full-screen |6 L!St ath / ’
colour graph will follow. 4 -7 7: List Operations ’
< 18: Summary Plot
6 9: O ap ~
B1| =-2 »

28
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7. To move to the horizontal axis, press the
tab key . Then select xvalue by pressing the

click key .

11112

®value F yvalue i

o |=3%value
| o
- ‘ 9 25
: 8 22
4 -7. -19
3 »6' 16 2

fe] =22 [4[»

8. To move to the vertical axis, press the tab key .
Then select yvalue and press the click key .

11112

@ value © yvalue i

= =3*value |
|| 10
2 | '9. 25
. -8 22
4 7| 19 00 000 000 ©
1 OROOROOP
S - T | B | i |
S LS % 0 6
=28 [4]» xvalue
9. Then press the click key or the enter key . 11112
This will draw a Quick Graph for the table of values. @ xvalue ® yvalue i 20
- | |=3%value
- 1S -
10 28 IS
. & - © 0 ]
- 9 25| 15 ]
; 8 22 =15 -
4 4
7' 19 -30 ]
s 6 16 ¢ 2 0 8
E=__ <D walue

10. To see the graph in a full screen, press:

. doc

* 5: Page Layout @

+ 8: Ungroup .

1: File

Documents

2: Edit

3: View
4: Insert
S: Page L
6: Refres

8: Login..

7: Setting6: Delete Page

& 9: Pressi8 Ungroup (Ctri+6)

1: Custom Split

2: Select Layout »
3: Select App  (Ctrl+K)
4: Swap Applications
S: Delete Application
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11. Then to get to the graphs screen page, press:
e ctrl @
. ).
The graph appears as shown. © ..
=2 ()
® o o®®
4 o®
()
~15 ...0
0] @®
S R
xvalue
12. To join the points with a straight line, complete the

steps below. Press:

* MENU (menu)

¢ 2: Plot Properties @
¢ 1: Connect Data Points @

This will give the required linear graph of y =3x+2.
To show the coordinates of a particular point,

move the pointer R to one of the points; it will change
into an open hand 2 and the coordinates will be
displayed.

5 7: Remove X Variable
{® 8 Add Y Variable

[¥* A:Remove Y Variable

v

3.2 How to rearrange linear equations to make y the subject

. The Solve command can be used to rearrange

equations, particularly linear equations, in order to
express the equation in the form y = mx + c.

For example, to find the y-intercept and gradient for
the linear equation 4x + 5y = 3, add a new Calculator
page in the current document by pressing:

o ctrl[1]or ctrl

1: Add Calculator (1)
MENU (men)

3: Algebra (3)

* 1:Solve (7).

L N [
5 2: Number

\- 3 Algebra |2 Factor

fe14: Calculus |3 Expand

@ S: Probability|4: Zeros

T 6: Statistics |50 Complete the Square
28] 7: Matrix & \{6: Numerical Solve

$¢ 8 Finance |7: Solve System of Equations »

#1 9: Functions|S: Polynomial Tools »
9: Fraction Tools »
A: Convert Expression »

v
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2. Complete the entry line as: I 12113

solve (4x+5y=3,y).
( ) solvel4 x+5 y=3y) -(4 x-2)
Then press:

* ENTER (enter).

The expand command will separate the two terms.
To find the expand command, press:

+ MENU
e 3:Algebra @
e 3: Expand @

Use the Touchpad . to highlight the equation in the
previous line as shown.

expand|]

3. Then press: m 14
* ENTER (enter).

solve(d4 x+5 y=2y) (4 x-2)
This will paste the equation into position after I
expand( and will save retyping the equation. The %
gradient is m = —% and the y-intercept is c=>. (4 x-3)) 3 4x
5 5 expand pmm— /e
The numbers 1.2 and 1.3 in the top left-hand \ > 5 5

corner refer to problem 1 and pages 2 and 3 in

the current unsaved document. You are working

on the page denoted by the tab 1.3, which has

a white background as shown. You can toggle back

to the previous page by using ctrl @ and the left

arrow 4 on the Touchpad, or simply pressing the
blue arrows using the cursor.

3.3 How to sketch linear graphs by pasting the rearranged equa-
tion into the graphing window

1. Now we want to graph the straight line in section 3.2 I 12113

and look at its features.

solve(d4 x+5 y=2y) {4 x-2
To copy the equation y = % - 4?}6, use the up arrow .a P
to highlight the equation, then press:

(4 x-3) 3 ]

o ctrl @ expandtl'--——, y-;.-g
. C:[C). ' >
Note: This is similar to the Ctrl+C (copy) command
in Microsoft Word.
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2. You will need a graphing window in which to draw
the graph. To add a Graphs page to the current

document, press: 3 4x
ument, p 0] frl)mymm- =

. ctrl@ 5 S
« 1[1]

* 2:Add Graphs (2).

oyt

10 1

To paste the relevant equation into the function entry
line next to f1(x) =, press:

. ctrl@
« V:[v]. 6.67

The ‘y =’ is still present and will need to be deleted.

3. Press the left arrow 4 to position the cursor, then l 14115
press delete (del) twice to delete the ‘y =".

You should now have f1(x)= % - 4%

To draw the function, press: 3 4x

* ENTER (enter). 3] 5 5

The rule for the function f1(x) appears on the graph [10 1 16
screen in the same colour as the graph; it can be
deleted or moved around the screen if required.

654%y

.79

3.4 How to sketch linear graphs in the graphing window

1. To create a graph in a new document, press:

+ HOME
¢ 1: New Doc @

= 1:Add Calculator
U 2:Add Graphs
3:Add Geometry
"_J4:Add Lists & Spreadsheet
145:Add Data & Statistics

You will be asked if you wish to save the previous 6:Add Notes

unsaved document. If you do not wish to do so, _47:Add Vernier DataQuest™
select: Press menu
* No

e 2:Add Graphs @
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2. Your work area now contains the x-axis and the
y-axis for a graph, the function entry line and
specific tools for graphs. The scale on the axes as
shown is the default scale. Instructions for altering
this will follow.

0 rr(x)

F10

6.67

O‘L"-

3. To draw the graph of f(x)=2x+1, complete the
function entry line as:

fl(x)=2x+1.

Then press:

* ENTER (enter).

0 f1lc)=2x+1|

-
H10 1 10
-6.67
4. The graph will appear with the rule. 11
6672
f1lc)=2 x+1
1
/ X
10 1 10

-6.67

5. To change the colour of the graph, move the
pointer R so that it is over the graph, when it turns
into ++ and the label ‘graph fI’ appears.

6.67 1

F0

-6.67

O‘W

Linear functions 33



6. Press:

* ctrl @
* MENU (menu)
* B:Color

¢ 1: Line Color @

1 ")

‘Recent

3:Attributes
4:Hide
S:Delete
6:Edit Relation

1:Line Color

8:Analyze Graph *
9:Table '
A:Pin

|C:Conditions...

7:Trace y I 3

. Choose a colour and press enter .

The label for the graph appears in the same colour
as the graph. If we have several graphs on the one
graph page, this is useful to identify which graph
is which.

To return to the function line, press:

e tab .

To return to the graph area, press:

* esc @
Note: Pressing the ctrl key and @ toggles

between hiding and displaying the function
entry line.

6.67

= o)
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3.5 How to alter the scale settings for graphs

1. To alter the scale of the axes for the graph in

section 3.4, complete the following steps.
Press:

* MENU (menu)

* 4: Window / Zoom @

* 1: Window Settings @

\!'6: Analyze Graph
" 7: Table

k 1: Actions W
6 2: View ».2: Zoom - Box

:}1 3 Graph Entry/El ® 3: Zoom - In

T Window/ Zoor| © 4. Zoom - Out

1, S: Trace 3

e

S Zoom - Standard
L& 6: Zoom - Quadrant 1
TE7: Zoom - User

o5 8: Geometry

@ 8: Zoom - Trig

11 9: Settings...

i 9: Zoom - Data

B\ A: Zoom - Fit

v

. A Window Settings box appears, showing the default
graphing scale. You can now change values to the
desired settings. Enter the values as shown. Use

the tab key when moving between fields. To

return to a previous field, press the shift key
followed by the tab key . When satisfied with

the window settings, select:

« OK

« ENTER .

The scales on the x-axis and the y-axis can be left
in Auto mode as shown or they can be altered as
required.

[ I ——

XMin: (5

XMax: |s

XScale I 1

YMin |5

10 YMax: |5

YScale: I 1

]Cancel!

. The graphing page appears with the new scale.

It is possible to change the scale using a variety of
methods. More of these will be explored in later
chapters.

oy
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3.6 How to edit the equation of a graph on the Cartesian plane

1. You can edit the equation of the graph on the
Cartesian plane in section 3.5, and the sketch of
the graph will change automatically. To do this, £1(x)=2 x-3|
use the Touchpad to place the pointer R over the
equation. The open hand §y will appear. Press the

click button | 2 | firmly twice. The function entry line

1
will appear. You can now edit the equation. In this /
case, change *1 to 3. B 1

V“f’.

B T the e gt press ‘0T

* ENTER (enter). Py

. f1

o

3. Another way to change the rule of the graph is to
move the cursor close to the graph until +* and
‘graph fI’ appears. Then press and hold the click
button until the closed hand £y appears.

Then use the Touchpad to move the graph up, down,
left or right, and watch the effect on the equation.

In this case, the gradient of the graph remains
unchanged but the y-intercept can be changed.
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4. To release grabbing the graph, press:

¢ esc .

To see changes to the gradient of the graph, use the
Touchpad to move the pointer k along the graph
until the pointer changes into the form shown ¢ 4.
Then press and hold the click button until the

closed hand 3 appears. n 1 :'
Note: The symbol to rotate the line ¢ J appears when s

you hover over the line near the endpoints of the grap

line, while the symbol +}+ appears if you hover over

the line near its middle. 5

Use the Touchpad to rotate the line. Watch as
the gradient changes but the y-intercept remains
unchanged.

3.7 How to find the x-intercept of a graph

1. To find the x-intercept of the linear graph R 1: Actions N

f1(x)=2x -3, complete the following steps. "01 2: View s

Press: A 3: Graph Entry/Edit »| 1
* MENU (menu) % 4; Window / Zoo
(7. S: Trace Al 1
* S:Trace @ \16: Analyze G435 2: Trace All
* 1: Graph Trace @ 7: Table *3: Trace Step...
4. Geometry Trace

o 8: Geometry | &
{11 9: Settings... & .

-5
2. Use the Touchpad to trace the required position on m
the x-axis. The label ‘zero’ appears in a box when - Y
the x-intercept is reached, and the coordinates _J 5Ty
(1.5, 0) are shown. fl
1
QzZero .4
FS 1 5
0.2 )i
-5
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3.8 How to graph linear inequations

1. Begin with a new document and add a Graphs page.

To graph y < 2x, complete the following steps.

Go to the function entry line. Press the delete key

to delete f1(x)=; then press:

« 1:(1) or ENTER

to insert the less than or equal sign, then type 2x.

As soon as an inequality symbol is used, you are
no longer graphing a function, so your rule appears
asy<2x.

2. To view the graph of the inequality, press:

* ENTER (enter). O s

-

V‘"’.

3. The shaded coloured required region is the
required region.

DX a3
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CHAPTER 4

Solving equations

The ability to solve a range of equations is essential in the study of mathematics at all levels.

41 How to solve linear equations

1. Equations can be solved using the Scratchpad. To
get to this screen, press:

« HOME

e A: Calculate [E]

Calculate

B

4

COLemem

2. To solve an equation such as 6x + 46 =75, press:

« MENU
e 3:Algebra @
¢ 1: Solve @

T 1: Actions
ped boane
v 3 Algebra

1 4: Calculus
¥ S: Probability
\ 6: Statistics
(38 7: Matrix & \{

$¢ 2 Finance

2: Factor

3 Expand

4. Zeros

S: Complete the Square

6: Numerical Solve

7: Solve System of Equations »
2. Polynomial Tools »
9 Fraction Tools »
A: Convert Expression »

w

Solving equations 39



3. Complete the entry line as:

solve (6x+46="175,x).
This means ‘solve the equation with respect to x’.

Then press:

* ENTER (enter).

4. The result is given as an improper fraction. ~1: Actions >

To change to a proper fraction, complete the L RENUmber [T Convert to Decimal

following steps. Press: \ 3: Algebra : Approximate to Fraction
{94 Calculus [3: Factor

* MENU @ @ 5: Probability |4: Least Common Multiple
| 6: Statistics [S: Greatest Common Divisor

* 2: Number (2) 2] 7: Matrix & V{6: Remainder

. 7 ; ools

7: Fraction Tools @ : Get Numerator ools ﬂ

¢ 1: Proper Fraction @ 3: Get Denominator Number Tools  »

4: Common Denominator

1/99

5. propFrac() will appear on the screen.

Use the up arrow . on the Touchpad to locate and : .
highlight the previous answer. solvel 6 x+46=75 x)

pmpFrac‘.

6. Then press:

« ENTER (enter)
* ENTER (enter).
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7. Try to solve each of the following for the
pronumeral shown in brackets. ix

P e .
@ 5-18=34.(p) solve| £-—1 8=3 4,p)
(b) 3-2g=1,(9)

(¢) 14=5p=9-2p,(p)

p=62 4000 2

“

solvel-3-2g=12)

solvel14-5 P"?-J.'pp)

| (3
pn:»pFrar:Ip-—")
L 3

4.2 How to rearrange formulas

1. For example, to make 7 the subject in the equation
for simple interest, / = PRT, press:

« MENU s-:-lveirnp r r,fl.’
e 3:Algebra @
¢ 1:Solve @

Then complete the entry line as:

solve (i = pXrXt,t).

Note that you must include the multiplication sign
between variables. Then press:

« ENTER .

4.3 How to solve linear inequations

1. Press the ctrl key @ and @ to access the palette of

inequality signs. Follow the steps given earlier for id
solving, and then complete the entry lines for the ¥ [ 3a_. ’
following inequations. Solve: S"‘lve.."" 3 = 4'0‘
3a ¢
(@ 2- g >—4 solvel6-(-8-29)22(-7-55)y) vs_'_lz
(b) 6(-8-3y)>2(~7-5y) .

The < and > symbols can also be obtained by using prop Fm,:{}rﬁ ﬂ\
the symbol template. Press the ctrl key ) and the 4/
catalog key , and then select the appropriate |
symbols using the Touchpad.
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4.4 How to solve simultaneous equations graphically

Solve the following pair of simultaneous equations by sketching both graphs on the one set of axes and

3x-y=16

determining the point of intersection.
2x+5y=5

. Open a new document and add a Calculator page
(see section 2.1). Then rearrange both equations

to make y the subject on the calculator screen by
following the steps outlined in section 4.2. Complete
as shown in the screen opposite. To copy and paste
the rearranged equation into the Graph page, use the
up arrow . on the Touchpad to highlight the first
rearranged equation. Then press:

o ctrl@
+ C[c)

solve(3

solve(2 x

. Now press:

« HOME (G on).

Select the Graph icon to add a Graphs page to the
document. Then press:

* ENTER (enter)
. ctrl@
. V(v

The equation will be pasted into the function
entry line next to f1(x). Use the left arrow 4 on the

Touchpad and then press the delete key . twice to
delete ‘y=". Then press the enter key .

10

6.67

..
Sy

. To return to the Calculator page to get the second
equation, press:

e ctrl @

o left arrow 4.

Repeat the earlier process for copying and pasting
the second equation. Ensure that you paste the
second equation next to f2(x) and delete the ‘y =" as
before.

To get back to page 1.2, press the ctrl key @ and
then the right arrow p. To get to the entry line for

f2(x), press the tab key .

F10

-6.67

Py e S}

- ~
//fl(\',|=3 x-16
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4. To find the point of intersection, complete the Rk 1: Actions N

following steps. Press: B 2: View N
° MENU@ A 3: Graph Entry/Edit M- e
. 6 % 4 Window/ Zoom |3
6: Analyze Graph (6) /5 S: Trace 5 2: Minimum
* 4: Intersection @ \4 6: Analyze Graph ‘ &k 3: Maximum

s B mersecion |

e (L. S: Inflection
o5 8: Geometry ":T.f. 6: dyldx

1 9: Settings .. ke 7: Integral

& 8: Bounded Area
-6.67 {© 9: Analyze Conics b

5. Use the Touchpad to move the hand with the 1 —_—

finger 1 to the left of the point of intersection. 7 -
Press: 1) (2 x-5) 4 E
« ENTER (enter). b~ :
N ey :
il :

et X

F10 e S 10

: 1lx)=3 x-16
-t 4

6. Use the Touchpad to move the hand with the finger
# to the right of the point of intersection. Press:

* ENTER (enter).

2 CRUREE )

S
10 0

intersection

sevisiad

.67

7. The point of intersection (5, —1) is displayed.

This graphical method will give solutions only as
decimal approximations.

Solving equations 43



4.5 How to solve simultaneous equations algebraically

1. Itis possible to solve simultaneous equations 7, 1. Actions
algebraically on a Calculator page. For example, +52: Number
solve the following equations simultaneously. \ - 3:Algebra W
3x—y=16 {t94: Calculus |4 Factor
Return to the Calculator page and press: @ 5: Probability 3 gxpand
2x+5y=5 {_6: Statistics ‘511 éerosl e
5] 7: Matrix & \{S: Complete the Square
* MENU (menu) E ']-8: Finance |6: Numerical Solve
. 2. 9: Functions]”: Solve System of Equations »
3: Algebra @ A: Hints 8: Polynomial Tools »
* 1:Solve (1) e ——19: Fraction Tools »
A: Convert Expression »
B: Trigonometry ’
C:Complex ¥
D:Extract ¥
2. Then complete the entry line as:

solve Bx—y=16and 2x+5y=35,x).

Then press enter .

Alternatively, since f1(x) and f2(x) have already
been defined in the graphs page, we could solve
them as shown. Note that ‘and’ is found by pressing
the catalog key , or it can be typed.

solve(2 x+5 y=5y) (2 x-5)

solve(3 x=y=16 and 2 x+5 y-S,x)

x=5 and y=-1
solvelr7(x)=r2(x) x) x=5
r1(s) -1

<

4.6 How to solve quadratic equations

1. The Solve application can be used to solve the

following quadratic equations as shown:
() 3x*—4x+1=0
(b) —x*+5x+2=0.

K

solve(3 x2-4 x+ 1-0,x)

1
x==Qorx=1
2

o

solve(-.\"2 +5 x+.‘:-0,x)

({22 -5) 33 45
X=
2

or x=
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2. If a decimal approximation is required, you can get 11 m
it by pressing: | -
e ctrl

« ENTER (enter). solvelc245 x+2=0x)
{23 -5) 33 45
Xw= 2 or

2
-

Xm=

solve(-x2+5 x+2-0,t)
x=-0 3723 orx=5 3723

3. The Solve application can also be used to get general m 12
solutions to the quadratic equation ax* +bx+c=0. -
Complete the entry line as: ( 5 )
vel-x“+5 x+2=0,
solve(aXx2+b><x+c=O,x). Jolverx +ax 0.x
x=-0 3723 orx=5 3723
Note: You must include the multiplication sign

" :
between pronumerals. solve( e % g c-O,.\')

_Jbz—‘i ac-b _— -ub’z—‘i ac +b)
' 2 a

2a

X

4.7 How to solve linear simultaneous equations
with three unknowns

1. The following three linear simultaneous equations

i

. I'x 1: Actions

can be solved simultaneously for a, b and c. bhs 2: Number |1: Solve

2a+b—-3c=6 \= 3:Ahebf8 2: Factor
—4a+3b—c=5 f 4 4: Calculus 3 Expand

DY PO @ S: Probability|4: Zeros

a=2b+ 2¢7 > 1 6: Statistics |50 Complete the Square
Press: [28] 7: Matrix & \U6: Numerical Solve

ress: 1: Solve System of Equations... s b
. MENU@ 2: Solve System of Linear Equations.. »
+ 3:Algebra @ 9: Fraction Tools »

A: Convert Expression »

* 7: Solve System of Equations @ v

e 2: Solve System of Linear Equations @
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2. Complete as shown, tab to OK and press:

* ENTER (enter).

Number of equations D

Variables (3 b ¢ |

Enter vanable names separated by commas

|§| | Cancel|

3. Complete the entry line as:

2a+b—-3c=6
linsolve |\ —4a+3b—c=5 ¢,{a,b,c} |

a-2b+3c=-5
2

2a+b-3c=6

“4a+3b-c=5 1
linSolve A Aabe}
a=2b+—c=-5

P,

4. Then press the enter key . The solution is

az%,b =2and c=-1-

linSolve

5. Alternatively, we can solve these three linear
simultaneous equations as shown.

solve(2a+b—3c=6 and —4a+3b—-c=5
anda—2b+%c=—5,a)

o
>

1
2

solve|2 a+b-3 c¢=6and -4 g+ b-c=5and»

1
@==—and d=2and ¢="1
2
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4.8 How to solve a quadratic equation and a linear
equation simultaneously

1. Itis possible to find the point(s) of intersection of ¥ 1: Actions .

quadratic and linear graphs. For example, solve y 21 Number |1: Solve
the following non-linear equations simultaneously: " o 5

=x>+6x+11 and y=4-2x - SiAlgebra|2: Factor
’ Y . fe14: Calculus |3 Expand
Press: @ S: Probabilityd: Zeros
« MENU (menu) ¥ 6: Statistics |5 Complete the Square

g 7. Matrix & \6: Numerical Solve

e 3: Algebra @

e 7: Solve System of Equations @
* 1: Solve System of Equations @

Solve System of Equations

9: Fraction Tools

A: Convert Expression
4

v v v w

2. Complete as shown, tab to OK and press:

« ENTER (enter).

Number of equations

Variables [ X,y ]

Enter vanable names separated by commas

@ICanceﬂ

3. Complete as shown, tab to OK and press:

« ENTER (enter), {y‘
))-

2
X~ +6 x+11'{x })
4-2 x 5

x=-7 and y=18 or x=-1 and y=6

Note: There are two points of intersection,
(=7, 18) and (-1, 6). These could also be solved
graphically.
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4.9 How to solve simultaneous inequations graphically

1. Open a new document and add a Graphs page (see
section 3.4) to sketch the region formed by the
following simultaneous inequations.
y=2x+1
3x—-y>4
The first blue region represents y > x + 1.

F10

6.67

-
o

2. We need y as the subject, so you need to rearrange
the second inequation to read as y < 3x —4. Type
this inequation into the function entry line. To get

the entry line for f2(x), press the tab key . The

darker shading represents the required area that

satisfies both inequations. The broken line represents

an inequality of <, whereas the continuous line
represents an inequality of >.

F10

6.67

'D‘v‘.

48 Maths Quest Manual for the TI-Nspire CAS calculator



CHAPTER 5

Quadratic functions

The study of quadratic functions builds on students’ understanding of the relationships between variables and their
ability to move between graphical, symbolic and algebraic representations.

51 How to plot parabolas

1. To plot the graph of y = x” for values of x between = 1:Add Calculator

—3 and 3, complete the steps outlined below. 2i2:Add Graphs
* el

A spreadsheet is required. To open a new " ' ' sreadshaet
spreadsheet, press: S:Add Data & Statistics
. 6:Add Notes

HOME (g on) |_17:Add Vernier DataQuest™
e 1: New Doc @ Press menu
Select:
* No.
Press:
* 4:Add Lists & Spreadsheet (4).

2. Enter the x-values from —3 to 3 in column A. «EER » . ol
Remember to press the enter key after every &’ B 'l( D =
data entry. 1 U

= 1

9 0 | |

5 1

- : i |
- k 14
N 3 ‘ - . R l

8 11 i

[«[v]
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. Scroll to the top of the column. In the cell next to A,

label column A as xvalue, then press the enter key

Move across to the cell next to B. Label column B as

yvalue, then press the enter key .

<

11 44

& xvalue

© yvalue

7| yvalue

. Move the cursor to the yvalue (B) column and

highlight the grey (header) cell below the title.

To enter the formula ( y= xz) in this cell, complete
the entry line as:

=xvalue2.

@ " xvalue ¥ yvalue : ‘i
= =vvalhia JII
4 0
1
2
| yvalue =xvalue | [«]»

. To fill column B with the y-values for the rule y = x°,

press the enter key .

@ * xvalue .[* yvalue |
- =xvalue™2
' -3 9
= '2. 4‘

-1 . 1 |
4 0| 0
< 1 1

. Now using the Touchpad, move the cursor to the top

of column A and select this column. To colour the
background of the cells or the fill colour, press:

. ctrl@

* MENU (menu)

* O Color@

* 2:Fill Color (2).

3:Paste

4:Insert Column

S:Delete Column
6:Move Column

7:Resize

8:Data

iB;Text Color '

[«]*]
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7. Use the Touchpad, to choose a fill colour for the
background of the column A.

L 4 yvalue * :o ,hi

1 BEEENEN

2 ! . 0|

: amm|

- o] ~

S 1 <
[«]»]

8. Repeat and choose a different fill colour for the
background of column B. Leave the Text Colour as , - : -
black. @ " xvalue ®yvalue © D !‘.

811 L

9. To plot a Quick Graph on this page, in a split screen
of the coordinate points for this rule, press:

* MENU (menu)
e 3: Data@

5 1: Actions  »
[ 2 Insert

1253 Data

e
* 9: Quick Graph (9). ; 4: Clear Data 1
S: Random »
6: List Math »

7: List Operations i
8: Summary Plot

10. Press the tab key to move to the horizontal

axis. This will give you a list of the names B ~
(variables) of the columns of data available in Ofv alue !V ﬂ"_’? . |
your spreadsheet. Select xvalue and press the = =xvalue®2

click key [2].

yvalue -xval'l 4 l »
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11. Press the tab key to move to the vertical axis.
Select yvalue and press the click key @

B

0000000

-20 00 20
xvalue

12. You now have the points plotted for the rule y = x>

13. To connect the points on the graph, press:

+ MENU

¢ 2: Plot Properties @
¢ 1: Connect Data Points @

.51 7: Remove X Variable
i® 8: Add Y Variable

1 ma t
[#% A: Remove Y Variable

14. Itis possible to show the coordinates of a particular
point. To do this, move the pointer R (o a data value
until it changes to an open hand 4. This will give
the coordinates of the selected data point.

35 00 2%
yvalue -xval'l 4 | » xvalue
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15. To toggle between the lists of data and the graph,
press:

. ctrl@
e tab .

The screen that is currently in use will have

the outside border highlighted in black. In the
screen opposite, for example, the spreadsheet is
highlighted. This graph can also be drawn in a full
Data & Statistics page. The instructions for doing
this are provided in section 3.1.

In_
@ walue © yvalue i 9-

=
=B
[
; <
04
‘ = -25 00 25
#| yvalue -xval'l 41 | » xvalue

5.2 How to apply transformations to quadratic functions

1. To start a new document and add a Graphs page,
press:

. ctrl@
+ N[NJ
Select:

* No.
Then press:

« ENTER

* 2:Add Graphs (2).

Do you want to save Unsaved Document’?

ICancel[

I 4

W‘Tﬂ
-25 00 25
xvalue

[ves| ol

2. To change the attributes of the axes, press:

« MENU (meny)
. 1:Acti0ns®

¢ 4: Attributes @

6 2: View |42 Select »

p}: 3: Graph * 3: Hide/Show
1% 4: Windov - R S
/1, S: Trace |# S: Set Conditions

V! 6: Analyz{€ 6: Delete all

! |61 7: Text

oA 8: Geomd{" 8: Coordinates and Equations
11 9: Semng. 3'.b 9: Calculate

'oZ A: Redefine
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. The Attributes icon will appear in the graph work

area. Move the cursor onto an axis so the word ‘axes’

appears, and then press the enter key . The axes

attributes options bar will appear. Scroll down to
‘(1/2) End values are shown’, and then press the enter

key . Press the escape key to get rid of the

Attributes icon. Using these attributes, many different
selections and options are possible.

__] 6670y

F10

-6.67

(1/2) End values are shown

1 — 10

o]
-%m

+
| .

. Press the tab key to return to the function entry

line. To draw the graph of f(x)=x’, complete the
function entry line as:

fl(x)=x"
Then press the enter key .

6.67

=3 ®

5. The function entry line is no longer visible.

Note: To return to the function entry line, press the

tab key .

6.67 4

10

6.67

o

. To change the scale directly on the axes, move the

pointer k to the maximum or minimum value you
wish to change until the pointer changes into a hand

with a pointer finger ¥, and then double-click .

This will create a text box around the value, which
can then be edited.

Note: Any value displayed in the graph work area can
be edited in this way.

6.67 4

-6.67

ot
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7. An alternative method for changing window settings

is to press:

 MENU

* 4: Window / Zoom @
¢ 1: Window Settings @

k 1: Actions
& 2: View

B3 Window Setings__|

A 3: Graph Entry/E

(1, S: Trace
\!'6: Analyze Graph
7: Table

1 4 Window / Zoor]

. 2. Zoom - Box
® 3: Zoom = In
52 4: Zoom - Out
4= S: Zoom - Standard
L& 6: Zoom - Quadrant 1

o5 8: Geometry

TE 7. Zoom - User
@4 8: Zoom - Trig

111 9: Settings. ..

# 9: Zoom - Data
\J A: Zoom - Fit

v

8. Use the tab key to move between fields and _
select the values as shown. This allows you to
change minimums, maximums and scale for all axes XMin [5 ]
manually. XMax. [s |
Select OK when satisfied, then press the enter key XScale' |4 [+
(enter). YMin: [ 5 | "
YMax I| 2 I 10
YScale: [1 j
|Cancel|
9. Alternatively, one of the Zoom options under R 1: Action - -
. S '
Window Settings can be chosen; the settings will be B2 View + 1: Window Settings. .
changed automatically. f-}- 3: Graph Enoy/E #.2: Zoom - Box
3 ® 3 =
Note: For the graph in step 10, the manually applied =l m,zw)_ z goom > Ig ot
settings from step 8 are used. fs: Traée s )‘,‘ . 7 -
b e ’ - o=y
\ ' s: ;_\naty:.e Graph . 6: Zoom - Quadrant 1
. Hale TE7: Zoom - User
o5 8: Geometry |44 8: Zoom - Trig
/11 9: Settings... | 9: Zoom - Data
f\ A: Zoom - Fit
v
10. To change the equation of the parabola in the graph

work area, move the pointer R until it hovers over the
equation of the graph and the open hand can be seen,

3. Double-click . The function entry line will
appear.

£1 ()= 21|

fl (r)=x2
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11.

To view the new graph, press the enter key .

£1(x)=x?+1

T
w

uhy L~

12.

It is also possible to change the equation by moving
the graph. To do this, move the pointer k towards the
graph, the pointer changes to the dilation symbol %
and ‘graph fI’ appears.

13.

Then press and hold down the click key . The
graph can now be dragged. Using the Touchpad,
move the graph. Notice its equation is changed as it
moves. You will see the coefficient of x> change as

the graph is dilated towards or away from either axis.

f1(x)=2 66 x2+1

-
1 5

14.

To undo the changes you have made to the graph,
press:

. ctrl@
e esc .

ﬂ(\')=.\'3+1

X
5
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15.

To change the appearance (attributes) of the graph,
follow the steps below. Press:

* MENU (menu)
. 1:Acti0ns®

¢ 4: Attributes @

i 2: View
A 3: Graph
X 4: Windov
/1, S: Trace

\1'6: Analyz
= 7: Table
o 8: Geomg
111 9: Setting

k 1: Actiong k 1: Pointer

# 2 Select >
* 3: Hide/Show

10 S: Set Conditions

© 6: Delete all

il 7: Text

v 8: Coordinates and Equations
a+0 9: Calculate

s~ A: Redefine

16.

Move the pointer R towards the graph; ‘graph f1°
appears and the pointer changes to a horizontal arrow

&. Then press the enter key .

Note: The Attributes icon appears in the top left
corner of the graph work area.

£1(x)=x2+1

-
5

17.

A drop-down box with options for the attributes will
appear. Press the right arrow p to choose 3/3 Line

weight is thick. Then press the enter key . There

are many possibilities to choose for the attributes of
a graph and also for its equation label. Press the esc

key to get rid of the Attributes icon.

- £1(x)=x2+1

g

18.

The basic quadratic equation is f(x) = x’. To change
the graph of the parabola into f1(x)=x’, move the
pointer X until it hovers over the equation of the
graph and the label appears. The pointer will turn into
an open hand Y. Then double-click ; the function

entry line will appear. Edit it by deleting +1; to view

the new graph, press the enter key .

£1{x)=x*

A o
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19. To study the transformations of the parabola with
more than one graph on the axes, return to the

function entry line by pressing: f}{;) . 2/
i

.+ tab (). /12)=2

.
For example, to view the effect of changing the £1(x)=x
dilation factor from the x-axis, draw the graphs of:
20 =2x%, f3(x)=4x> , fAx)= %xz. falx)=—
Press the enter key after typing each equation = - ' 1 );;
into the function entry line. Press the tab key to
return to the function entry line. Note that the labels >
have been moved to an appropriate place, and that the
coloured labels make it easy to identify each graph.

20. To delete all graphs, press: T Actioml R 1: Pointer
« MENU B 2: View |% 2 Select »
1t Actions@ :}‘ 3: Graph | % 3: Hide/Show
& 4 Windoy = 4: Attributes

» 6: Deleteall (6). (T, S: Trace |# S: Set Conditions

\! 6 Analyz{QEREEGCE .
== 7 Table__ a1 7: Text

o5 8: Geomdr{" 8: Coordinates and Equations
11 9: Setting{**0 9: Calculate

<% A: Redefine

21. Select Yes; then press:

+ ENTER .

4 /
f3(x)=4 x*

Are you sure you want to delete everything?

Fves] [l

Iy ’

o 1
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22.

An alternative method to viewing transformations is
to use a slider.

To insert a slider on a graph page, press:

* MENU (menv)
. 1:Acti0ns®

* B: Insert Slider [B).

R 1: Actiong -

& 2: View

* 3: Hide/Show

A 3: Graph |- 4: Attributes
TX 4: Windo 1= S: Set Conditions
/T, S: Trace |€ 6: Delete all

54 6: Analyz{ar 7: Text

/1 8: Coordinates and Equations

: 8: Geomda+b 9: Calculate

111 9: Setting '+% A: Redefine

nd B Insert Slider

i+ C:Math Draw
23. Use the tab key to move between fields in

Settings, name the slider c, and select the values as =
shown. You can also scroll down to set the Display Moo I ¢ j
Digits to zero; this ensures that integer values only Value |3 00000000000 |
will be shown. Select OK when satisfied, then press Nl I“‘ ]
the enter key .

Maximum. |4 00000000000 |

Step Size: {1 00000000000 |

Styte :

lil |Cancel;

o |

24,

Press the tab key and enter the equation
Fl(x)=x*+c.

Press the enter key and the graph will appear.

O r’l(,\')-xzﬂl

e

25. Grab the slider and move it back and forth to watch

the graph transform.

Note: The example shown here is a translation.

o

label

Quadratic functions
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26. The slider can be also be animated automatically.
Press:

e ctrl @

11

label
« MENU
@ 1:Move ¢ =h
e 4: Animate ( : ). 2:Sefttings...
. . 3:Minimize 4
The graph will translate vertically up and down 4:A ate
parallel to the y-axis with the current value of ¢ 5:Delete I .
shown in the slider. n 1 E'
5
27. To stop the animation. Press:
e ctrl @
* MENU (menu) label
* 4: Stop Animate @ 1:Move
2:Seftings... ]
3:Minimize Q00 4.0
: X
-5 \ |74 F ¢]
|

5.3 How to find features of the parabola graphically

1. Open a new document and add a Graphs page
(see section 5.2). Then complete the function entry
line as:

fl(x)=x>—5x—6.
Press:

« ENTER (enter).

Notice that the turning point cannot be seen in the
default window.

F10

6.67
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2. To get a better view of the graph, move the entire
graphing page by pressing:

p—
-

9 25 019 10.75
e ctrl @
- CLICK[Z].
The pointer will change into a closed fist ¥¥; now the
entire screen can be moved using the Touchpad. This
is known as panning. Press the esc key to lock
the position of the graph.
1352 f1 (.\‘)=.r“-5 x-6
* ME
NU @ xMin [5 10.19
* 4: Window / Zoom @ xMax: [10 I
* 1: Window Settings @ xscate [ s |
Change the Window Settings as shown on the yMin: [36 I
screen opposite. —— l l
4
YScale: Lz |
|0K‘ !Cancell
5 x-6
4. To find the x-intercepts, the y-intercept and the R 1: Actions >
turning points, complete the following steps. Press: Q@ 2 View »
* MENU @ A 3: Graph Entry/Edn » ol
e 5:Trace @ "‘ i 4: Window / ZO_Om > 6
. 1: Graph Tr 7. S: Trace @AY 1 Graph Trace
: Lsraph frace @ \! 6: Analyze Gi4 'l 2: Trace All
= 7: Table *3: Trace Step...
o 8 Geometry é 4: Geometry Trace
11l 9: Settings... K-
=" filx)=x*-5 x-6
16

5. Press the enter key to fix the coordinates

of the minimum on the graph. For graphs with a
maximum point, the maximum appears in a box.

16
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6. Then use the Touchpad to trace to one of the
x-intercepts. When the intercept is located, ‘zero’
appears in a box and the coordinates are shown.

Press the enter key to fix the coordinates on
the graph.

7. If the coordinates are difficult to read due to
congestion on the screen, move the pointer X until
an open hand Y appears over the point, then press
and hold the click key . When the closed hand
appears &%, drag the point, or equation, using the
Touchpad, to a more suitable viewing position.
Repeat these steps to locate the second x-intercept.

Note: The graph automatically moves in the window
as you trace along.

8“"-

16,0)

J=x“-5 x-¢

5.4 How to solve quadratic equations to

determine irrational x-intercepts

1. Open a new document and add a Graphs page (see
section 5.2). Then complete the entry line as:

Fl(x)=2x*—4x-2.

Press:

* ENTER (enter).

F10

6.86
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2. Change the Window Settings as shown on the screen

opposite (see section 5.2).

[ I —

XMin: | -4 |
XMax: | ¢ |
XScale I, j
YMin | ¢ | X
F10 vmax [ | 10
YScale: I1 ] —
Jox [ cancel

3. An alternative method for finding x- and y-intercepts

is to press:

* MENU (menu)
. 8 Geometry

 1: Point & Lines @

e 2: Point On @

Rk 1: Actions »
6 2: View 4
* 1: Point |

> 3: Intersection Point(s) 5
— 4 Line / o
— S Segment v Pdm & Lines »
~— 6: Ray : Shapes »

71 7: Tangent
—~ 8: VVector
(™ 9: Circle arc

: Measurement »p
: Construction »p
: Transformation »

. Move the pencil until it is over the graph near the
x-intercept and ‘point on’ appears with the
coordinates dimmed. Press:

« CLICK %]
¢ esc .

The coordinates are displayed.

L

4 1 point on

f1(x)=2 x%-4 x-2

. Move the pointer until it hovers over the
y-coordinate of the point. When it changes into the
open hand 3y, with the word ‘text’ appearing, press

the click key twice.

b4 \ 1 6
213,f144)

r1(x)=2 x2-4 x-2
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6. A textbox appears and the coordinate can be edited.
Change the y-coordinate to 0, then press the enter
key . The point will jump to the x-coordinate
of the axial intercept.

r4

oyt

212,p)

f1(x)=2 .r‘-"‘-4 xX=2

7. This method can also be used to find other
significant points.

\ 1

8. The x-intercepts for this function are decimal
approximations. To find the exact values for these
intercepts, add a Calculator page to this document
by pressing:

. ctrl@
N Im

¢ 1: Add Calculator @

¥1:Add Calculator

vi2:Add Graphs

6:Add Notes

43:Add Geometry
" J4:Add Lists & Spreadsheet
|J5:Add Data & Statistics

_47:Add Vernier DataQuest™

Press menu

9. To find the exact solutions using the Solve
application, press:

* MENU (menu)
. 3:Algebra®
¢ 1: Solve @

s 1: Actions
bs 2 Number
- 3: Algebra

{0 4: Calculus

\ 6: Statistics
(28] 7: Matrix & \
$¢ 8: Finance
4 9: Functions

@ S: Probability4: Zeros

2: Factor
3: Expand

S: Complete the Square
6: Numerical Solve
7: Solve System of Equations »

8: Polynomial Tools »

9: Fraction Tools »

A: Convert Expression »
v
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10.

Since f1(x) is already defined in the Graphs page,
complete the entry line as:

solve (f1(x)=0,x).

Then press the enter key . The x-intercepts in
exact form are (—\/E +1,0) and (\/§+ 1, 0). Press:

. ctrl
« ENTER (enter)

to get a decimal approximation. Note that the
Display Digits from the General Settings has been
set to Fix 4 to agree with the results from the Graphs
page.

Inequations, such as 2x2—4x-2< 0, can also be
solved; these are entered as:

solve (f1(x) <0, x).

RAD &0

x-‘(\f?._—l) orx-fz_ﬂ

solve[ﬂ(x)-o,\')
solve(77(x)=0,x) x=-0 4142 or x=2 4142
solve(ﬂ(\')<0,x) (ﬁ -1)(«]2_ +1

11. We can also find the turning point, by expressing ¥+ 1: Actions — T
the quadratic function in the completing the square 15 2: Number [1: Solve
form. \= 30 Algebra |2: Factor
Press: {14 Calculus |3 Expand
« MENU (menu) @ S: Probability(4: Zeros
RSy 0. Complete the Square
* 3:Algebra @ 28] 7: Matrix & \{6: Numerical Solve
+ 5: Complete the Square @ $¢8: Finance |7: Solve System of Equations »
'[fi 9: Functions 8: Polynomial Tools »
9: Fraction Tools »
A: Convert Expression »
h 4
12. Complete the entry line as: T0F il

completeSquare ( S1(x), x).

The point (1,—4) is a minimum turning point.

x-~(f2-—1) orx-\l?._ﬂ

solve(ﬂ(x)-o,x)
solvelr7(x)=0,x) x=-0 4142 or x=2 4142
solvelr7(x)<0,x) (/2 -1)<x<2 +1

completeSquare(£7(x) x) 2 (x-1)%-4
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CHAPTER 6

Exponential and logarithmic
functions

Situations involving growth and decay can be modelled in mathematics using exponential functions. The inverse
situations can be modelled using logarithmic functions.

6.1 How to simplify expressions involving indices and surds

1. To raise a number or pronumeral to a power, the _
symbol # can be used. For example, to calculate -

10072, type 100 into the entry line and then press 100'2 ;
the hat key @ An index box appears into which 10000
you can type —2. Then press the enter key . 3 4 5000
Note that when you use the hat key @ to raise the 275

number to a power, you must press the tab key 1':".:'

after the power to bring the cursor into line with
your next entry.

To type squared values, you can press @

2. The Maths Expression palette may also be used. To _
access this, press:
© @ 1002

Use the Touchpad to locate the template highlighted
in the screen opposite. 3

ol |goo
%o g
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3. Use the template to simplify the following:

2x%y? x 55738,
2 1
Remember to press the tab key to move 100
through the fields. 10000
2 3 5 4 5000
2 x2 y~ 5\3)'8 10 )11
X
|

4. Notice that the calculator expresses answers using
positive indices.

5. Surds can be evaluated by changing them into
fractional powers or by using the Maths expression
palette.

To evaluate 3/27 using the Maths expression palette, X
press: 7S
. €. G SR

Move across to the surd template highlighted on the ol | oo [ES] ea| [ m .tP ;‘?.“ %0 %"'

screen. Press the enter key . %o . E"P" !’1‘8 | Dll

<

6. Then press:

. 3:@
. tab 27

- 7@ o T m*
. tab
* ENTER (enter). 32 p5 ¢10 2pq°
Try the following.

1 1
@ Im'®  ®) Y32p°¢"°  (©) m®xm? g & T
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6.2 How to plot an exponential graph

1. Complete the following table and use the table to
plot the graph of y =2".

® " xvalues : i

x | 43121101 2]3]|4 = ! ! | |
Y 1

Start with a new document and add a Lists & 7'

Spreadsheets page (see section 3.1). Type the <1

x-values into column A. Label column A as xvalues 3 3
see section 3.1), then press the enter ke . l

( ) then p y (te) ,

2. Use the Touchpad to move the cursor to column B.

Label column B as yvalues, then press the O A xvalses B yvalues C I '

enter key . : ' '
= ,Xvalues

Then move the cursor into the header (grey) cell - -

below B and complete the entry line as: ' 1

— 2xvalues ! 2

Note: A shortcut to fill column B is to type =olal, - 3‘,

The brackets appear automatically. ' 4
x yvalues-?.m“ I‘l,

3. To fill column B with the y-values, press: —_— ¥l
* ENTER (enter). ® * xvalues ¥ yvalues : 's

The results are shown as fractions if the Calculation
Mode in the General Settings are on Auto or Exact.

s =2"xvalue

-
ey
=
N

N W
=
&

68 Maths Quest Manual for the TI-Nspire CAS calculator



4. Now using the Touchpad, move the cursor to the top
of column A and select this column. To colour the

background or fill colour of the cells, press:
e ctrl @ — 1
* MENU (menu) ! -4]4:Insert Column
S5:Delete Column

e 9: Color @ = 3|6:Move Column

2 7:Resize .
« 2: Fill Color (2). : 2l Data '

1

- . | |
S 0 1 |3;Text Color '

4 [«]*]

5. Use the Touchpad, to choose a colour for the

11
background of column A.

¥ ' yvalues C ‘s

-

|I‘I>n§%

1

6. Repeat and choose a different colour for the m
background of column B. Leave the Text Colour -
as black. @ * xvalues ¥ yvalues g 'n
o =2"xvalue

1

7. To draw the full-screen graph on a new page,
complete the following steps. Press:

 HOVE @), \ ,
Select the Data & Statistics icon and press the enter

key .

2
3
4
5

Ccofcedem

Add Data & Statistics o New”
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. The Data & Statistics page appears as shown.

To move to the horizontal axis, press the
tab key . Then select xvalues by pressing the

click key .

B

Caption: xvalues

9. To move to the vertical axis, press the tab key .

Then select yvalues and press the click key .

<

10. The points from the table of values are plotted as

shown.

0
g 4

® Q
S

©

©
{000 0®
4-3-2-101 2 3 4

xvalues
11. Join the points by pressing: = 1, -
MENU @ = ;: l’;:z: 4 1. Connect Data Points
; 3: Action| | ' ;
e 2: Plot Properties @ 3 ]
4 4. Analyz 2
* 1: Connect Data Points @ & S: Windot 1-
111 6. Setting wy
= U

51 7: Remove X Variable
{® 8: Add Y Variable
01-@f=

[%* A: Remove Y Variable

h
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12. The plot of the exponential relationship y = 2" is
shown.

L
&

4 3= 12
xvalues

6.3 How to sketch exponential functions

1. Open a new document and add a Graphs page
(see section 3.4).

To sketch the graph of f(x) = 3", complete the
function entry line as:

fl(x)=3"
Then press:

« ENTER (enter).

-6.67
2. Change the scale of the axes by pressing: F_
« MENU (menu) xMin: [ 5 ]
* 4: Window / Zoom @ xMax. [s l
* 1: Window Settings @ XScale I 1 —I
Enter the values shown. Use the tab key to YMin l 2 l )
select OK, then press the enter key . Press the F10 YMax IS ] 1
tab key to move between fields. vScale: I Y :I
]&l !Cancell
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3. Note the change in the scale of the axes.

r1(x)=3*
1
t/ X
8 1 5
4. To change the axes attributes, press: T Acti‘ond X 1: Pointer
* MENU (menu) i 2 View | % 2: Select >
« 1: Actions (1) Ao 3: Graph [ ¥ 3:HideShow _____

% 4: Windoy

» 4: Attributes (4). (1, S: Trace | S: Set Conditions

The Attributes icon appears in the top left corner \! 6: Analyz{€ 6: Delete all
of the graph work area. Move the pointer R onto an 7: Table |w17: Text
axis so the word ‘axes’ appears; then press the enter °8 G_eon:‘; +418: Coordinates and Equations

key (gnter). 1l 9: Settingf*0 9: Calculate
4% A: Redefine

5. The Attributes icon appears in the top left-hand
corner of the graph work area. Move the pointer LY
onto an axis so the word ‘axes’ appears; then press
the enter key . The axes attributes options bar

will appear. Scroll through to see all of the changes
that can be made to the axes settings. The option £1(x)=3%
shown is to place arrows on the end of all axes. Press A Posiive siows

the esc key to get rid of the Attributes icon. //l

et

6. To view transformations, move the pointer R until
it hovers over the equation of the graph. Press the

click key . The equation can be edited by double- f1lx)=3" -
clicking on the equation. The function entry line
will appear. Edit the equation to f1(x) =3"". Then £1(x)=3%
press the enter key .
1
—:/ X
o 1 5

.
o
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7. The graph should appear as shown, reflected in the
y-axis.

e
f1lx)=3*

.
o

6.4 How to calculate logarithms

1. The calculator can calculate logarithms to any base.

To evaluate log,,(10) in a Calculator page, press:

e ctrl

The logarithm template appears as shown. Type 10

into the base position; then press the tab key to
move to the next field.

2. Follow these steps to calculate the following
logarithms.

(a) log,(8)
(b) logs(1)
(c) log,(4)

Notes: The final answer on the screen is given as a log (1) 0
decimal approximation by pressing the ctrl key @ S

and the enter key . To get the natural logarithm
log, (x) =1n(x), press the ctrl key @ and .
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6.5 How to solve exponential and logarithmic equations

1. Exponential and logarithmic equations can be solved 7. 1: Actions
using the Solve application. To do this, press: b 2 Nuphbar

« MENU (menu) \- BiAlIgeBral |2 Factor
fe14: Calculus |3 Expand
e 3:Algebra ves
zebra (3) @ S: Probabilityf4: Zeros
* 1: Solve @ U 6: Statistics |5 Complete the Square
28] 7: Matrix & \(6: Numerical Solve
$¢ 8 Finance |7: Solve System of Equations p
# 9: Functions[8: Polynomial Tools >
L) 9: Fraction Tools »
A: Convert Expression »
In(4) s
2. Solve each of the following by completing each 11
entry line as shown in the screen opposite. -
3n n+l _
(@) 27 X167 =32 solvel2® 7 16"*1a32.1) - S
(b) 5% —4x5°-5=0 7
2log, 25=4 .
(©) 2log, solvels? *-4 5¥-5-0) e
@ 25=7 .
solve‘.'z log (25)-4,.\') x=5
X
solve(.?‘ -7,.\') x= In(7)
in(2) -

6.6 How to use the TI-Nspire CAS in applications of exponential
and logarithmic functions

1. A new document with a Graphs page is needed for
the problem below.

1:Add Calculator

L 2:Add Graphs
3:Add Geometry
" J4:Add Lists & Spreadsheet

To get this, press:

e ctrl 145:Add Data & Statistics
6:Add Notes
« N[N _17:Add Vernier DataQuest™
Press menu
Select:
¢ No.
Press:

+ ENTER

* 2:Add Graphs @
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The calculator can be used to work through problems graphically such as the one shown here.

The temperature, T (°C), of a cooling cup of coffee in a room at 20°C can be modelled by
_L

T= 90(3 20 ) for t >0, where ¢ is the number of minutes after it is poured.

(a) Find the initial temperature.

(b) Find the temperature: (i) 5 minutes after pouring  (ii) 10 minutes after pouring.

(c) How long is it until the temperature reaches half its initial value?

2. Complete the function entry line as:
F1(x)=90(3 20)Ix >0

Then press the enter key .

Note: We have defined a restricted domain function,
so the graph will only be drawn for x = 0.

£1(x)=90 3 2 20|

ot

10 1

—

-6.67

3. Notice that it appears as though no function has
been entered. This is because the standard viewing
window is not appropriate for this function.

6674y

ot

10 1

—

-6.67

4. The variables for this function f(x)=90x3 20 are Rk 1: Actions o 1. Window Settings ..

time and temperature. Change the window settings i 2: View O S S

3. 2: Zoom - Box
to a suitable scale by pressing:

* MENU (menu)

* 4: Window / Zoom @
* 1: Window Settings @

A 3: Graph Entry/E

i 4 Window / Zoor]

/1, S: Trace

\!'6: Analyze GrapH
7: Table

o5 8: Geometry

3 Zoom = In

;4 Zoom = Out

j S: Zoom - Standard
L& 6: Zoom - Quadrant 1
TE7: Zoom - User

111 O: Settings...

@4 8: Zoom - Trig
8 9: Zoom - Data

"\ A: Zoom - Fit

v

Exponential and logarithmic functions 75



5. Complete as shown, then select OK and press the I T

enter key .

XMin: | 5 |
XMax: |35 |
XScale [5 j
YMin [-10 ] A
'0-—-0—0-;
10 vMax: [100 ] 10

YScale: [ 10 J

6. The graph will appear as shown, and only for x = 0.

X
S 10 5 3
7. Since we are finding several parts to this problem,
we will save the document and give it a name. To
$ave, press: Save In [My Documents :I 2 8
e ctrl @ Name Type Size
9 Dictionary Folder A
. !
S8l | Downloads Folder I
This will bring up a dialog box in which we can |9 Examples Folder
save the document and give it a name. Press the tab | Images Folder =
key to move through the fields and name the Eite Name [ - = ]
coffeeproblem
document ‘coffeeproblem’. Use the tab key to L i
lect Save, th the enter ki . We will !
select Save, then press the enter key e wi b |$ave‘ |Cancelf
now see the document name at the top of the screen. [ i
8. To answer the questions, all the required coordinates R 1: Actions Nl obien
can be located and placed on the graph. To do this, B 2: View
press: '
« MENU * 1: Point =
g 2 Point On }={90 2 20 x20
. . . 2 z - 9 X=
8: Geometry ¢ 3: Intersection Point(s)
« 1: Points & Lines (1) — & Line :
e 2: Point On @ -~ 5. Segment : Points & Lines »
—6: Ray : Shapes >
71 7: Tangent : Measurement »
—~ 8: Vector : Construction p
(™ 9: Circle arc : Transformation »
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9.

Move the pencil j over the graph; when ‘point on’
is revealed with the coordinates dimmed, press:

. ENTER
® esc .

This allows you to edit the x-coordinate or the
y-coordinate at will and displays the corresponding
coordinate.

point on X)={90 2 <7 x20

10.

The question requires the initial temperature, which
is at # = 0. On our graph, this is when x = 0. To locate

this point, move the pointer R until it hovers over the
x-value of the coordinates. When it changes into an
open hand 9, press the click key twice.

r1(x)={90 2 20 x>0

(1l 49 2)

11.

A text box appears. Delete the existing x-value and
type in 0. Press the enter key . This places the
point (0, 90) in the correct position on the graph.

12.

To find the answers to parts (b) and (c) for this
problem, repeat the above process using the
following coordinates:

* (5,7
. (10,7
. (2, 45).

Note that for a given x-value, an exact y-value is now
displayed. This will happen if the General Settings,
for the Calculation Mode are set to Exact or Auto.
Note that some of the labels of the coordinates have
been moved to display the coordinates neatly.
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13. If answers are required to two decimal places, press:

« HOME
* 5: Settings @

* 2: Document Settings @

6:Network. ..

CorlEde®

14. Then change the General settings for the Calculation
Mode to Approximate and set the number of decimal
places to Fix 2.

sne [Fagan ]

Exponential Format [ Normal |

mmm-ll

Real or Complex [F‘eal |
Calculation Mode [Approxlmate |

Vector Format [F‘.ectan aular | >

2| |Restore| |Make Defautt| ||OK Ji| Cancet

15. Click on OK, then press:

¢ 4: Current @

to return to the current document.

3 :

SlUIS] 0] 1y

16. We can add a Calculator page to the document to
check algebraically the answers to all of the above.
Since f1(x) is already defined on the Graphs page,
we can use it in the Calculator page, complete as
shown.

f1(0) 90 00
r1(5) 68 39
f1(10) 5196
solvel(f7(x)=45 x) x=12 62
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CHAPTER 7

Advanced functions

This chapter deals with absolute value functions, hybrid functions and inverse functions. Although not individually
mentioned, other functions such as square roots, hyperbolas, truncuses and polynomials can be graphed and their
important features examined using the processes outlined in this chapter.

71 How to graph the absolute value function

1. Open a new document and add a Graphs page. To do
this, press:

e ctrl @

g~ 1.Add Calculator

1 2:Add Graphs
43:Add Geometry
" J4:Add Lists & Spreadsheet

« N[NJ 5:Add Data & Statistics
6:Add Notes
Select: | 47:Add Vernier DataQuest™
Press menu
¢ No.
Press:

* ENTER

« 2:Add Graphs (2).

2. To graph f(x)=|x], complete the following steps. _

The Absolute value template is located in the Maths @ 71(x)=
Expression palette. To access this, press: L

. @0

Use the Touchpad to locate the template
highlighted in the screen opposite. Then press the

enter key .
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3. The page shown opposite will appear. Type x into

the field and press the enter key .

O rrbe)=li2 =
1
-
F10 1 10
6.67
4. The graph of f1(x)=|x| will appear as shown. 11
667%y
f lL\')=|.r|
1
X
10 1 10
-6.67
5. To make this initial function more visible, we can 1 ACUOﬂd R 1: Pointer
alter its appearance or attributes. To do this, press: &2 ‘View % 2 Select >
« MENU A: 3 Graph | * 3: Hide/Show
« 1: Actions (1) % 4: Windov = [N
(1, S: Trace | S: Set Conditions
e 4: Attribut . L
ributes (4) \! 6: Analyz{€© 6: Delete all
= 7: Table'_ Ml 7: Text
o 8 GeomT..’:-' 8: Coordinates and Equations
111 O Settin 3"b 9: Calculate
—— "o~ A: Redefine
v

80
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6. Notice the Attributes icon in the top left corner of

the graph work area. Position the pointer k near the
line until its shape changes to a horizontal arrow <=
and ‘graph fI’ appears. Press:

* ENTER (enter).

ﬂ(\')=!x‘[

10

-6.67

01"’-

. An attributes options bar will appear. The first
option is for the thickness of the line. Using the
right arrow p on the Touchpad, select: (3/3) Line

weight is thick. Press the enter key . Press the
escape key @ to exit attributes.

(373) Line weight

-6.67

1s thick

. By using this as the basic graph, it is easy to
illustrate the effect of any transformations on this
function.

To return to the function entry line, press the

tab key . To see the graph of y = f(x) reflected
in the x-axis, complete the function entry line as:
J2(x) ==f1(x)-

Press the enter key .

O 72Ax)=-f1(x)

fl(\')=!,\'|

10

-6.67

O"’-
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9. The equations of the graphs are shown.

6.67

10. To illustrate another transformation, a dilation,

move the pointer R until it hovers over the equation
f2(x)=—f1(x) and changes into an open hand 3.

Then press the click key twice.

The function entry line will appear.

£2(x)=-11(x)

flL¥)=§r|

6.67

Sy

f2{x)=-f1{x)

11.

Try transforming the graph by a dilation factor of 2
from the x-axis or parallel to the y-axis. To do this,
change the equation to f2(x)=2f1(x) as shown.

Press the enter key to see the new graph.

f1 [\')=!1‘|

6.67

Sy

f2(x)=2 filx)
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12. Itis possible to write a description of this dilation in
the graph work area. To do this, press:

« MENU
¢ 1:Actions @
o 7:Text @

i 2: View |
A 3: Graph
X 4; Windov
(1, S: Trace
\16: Analyz
7: Table

9 Setting—

k 1: Actiond k 1: Pointer

F 2 Select
* 3: Hide/Show

= 4 Aftributes
1 S: Set Conditions
€ 6: Delete all

o 8: Geomdr[ 8: Coordinates and Equations

3+69: Calculate

% A: Redefine

13. Use the Touchpad to move the pointer ] to a suitable

position and press the click key to open a
text box.

-6.67

S
10

2lx)=2 f1lx)

14. Write the relevant annotation, such as ‘Dil of fact 2
from x axis’ as shown on the screen. Then press the

enter key .

Note: Abbreviations are used to save space.

\ 667%y /

F10

Dil of fact 2 from x-axis

-6.67

X
10

f2(x)=2 f1lx)
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7.2 How to graph hybrid functions

1. Open a new document and add a Calculator page
(see section 2.1). To graph the hybrid function

x forx<0
f(x)=1x+1 for0<x<2

5—-x forx=>2

EEEERE B
o 40

select the hybrid function template from the Maths NS T [ PR T [ 1
Expression palette by pressing: lol |ceo | | @9 B | Zo o

. @ %o Ba b i

Use the Touchpad to move across to the selection
highlighted in the screen opposite.

2. Press the enter key . The screen opposite
appears. Use the Touchpad to select 3 function

pieces. Use the tab key to select OK, then press

the enter key .

Plecewise Function

Number of function pieces

O_K| |Cancel|

3. Use the tab key to move through the six boxes m

and type the expressions as shown.

Note: You must press the ctrl key and @ each X, X<0
time to get the template to insert the inequality

signs, such as <. Do not press the enter key as
we have not yet defined the function.
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4. To define this hybrid function as f{x), complete the
following steps. Press:

o tab x, x<0 Done

x+1,0%x<2 =flx)
+ ctrl @) 5-x,x22
s var . I

Type f(x), then press:

« ENTER (enter),

5. To draw the graph of the hybrid function f(x), add a
Graphs page to the document. Press:

« HOME (G on).

Select the Graph icon and press:

* ENTER (enter).

SIS LT L

6. Complete the function entry line as:

f1x) = f(x). 71(x)=fix)

O‘/.

10 1

6.67
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7. Press the enter key to display the graph.

6.67

£10x)=flx)

8. An alternative way to graph this hybrid function is to
draw the graph of three restricted domain functions.
However, each graph will be drawn in a different
colour, as shown.

£1(x)={x,x<0

-6.67

—
o

9. Note that the three functions were typed into the
function entry line as:

flI(x)=x1x<0
f2(x)=x+110<x<2
f3(x)=5-x1x2=22.

However, when we press the enter key, the functions
are displayed as shown.

f1x)=}x x<0

2()=fx+1, 05<2

10

£1(x)={x,x<0

6.67
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7.3 How to find an inverse algebraically

1.

Often it is necessary to find the inverse of a function.

This can be done easily on the CAS calculator. An
example is shown below.

If f(x) =log,(x+1)+1, find ",
Lety= f(x),soy=log,(x +1)+1.

Interchange x and y and use the Solve application to
solve for y as shown on the screen opposite.

Thus £ (x) ="' —1.

Note: An alternative method is to define f{x) and
then solve (f(y)=x, ).

solve(ln(,v+ 1)+1=x, y)

7.4 How to find an inverse graphically

1. To draw the graph of f(x)=log,(x +1)+1 and its

inverse f Tx)=e -1, open a new document and

complete the following steps. Define these functions
on a Calculator page. Press:

+ MENU
e 1: Actions @
¢ 1: Define @

Complete the entry line as shown:
Define f(x)=In(x+1)+1.

Press the enter key . Repeat the process to
define the inverse function f -1 x)= e —1as g(x).

Define Ax)=Inlx+1)+1 Done

Define glx)=e*"1-1 Done

. To draw these functions, add a Graphs page to the

document. Press:

* HOME (G} on).

Select the graph icon and press:

* ENTER (enter).

To draw f(x), complete the function entry line as:

f1(x) = f(x). Press the enter key .

To draw g(x), use the tab key to get back to the
function entry line as: f2(x) = g(x).

Press the enter key .

667%y

\

£1(x)=rlx)

X
H10 14 10
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3. An alternative method of drawing inverse functions,

worthy of exploration, is to use the dynamic

geometry functionality of the calculator. Open a new
document and add a Graphs page to draw the graph
of f(x)=1log,(x+1)+1. To draw f(x), complete the

function entry line as:
flx)=In(x+1)+1

Then press the enter key .

667%y

f1lx)=Inlx+1)+1

N

10 1 1

oyt

4. To draw the inverse function, we need to construct

the line y = x geometrically. To do this we need to
bisect the angle between the axes. Press:

* MENU (menu)
* 8: Geometry

* 4: Construction @
* 4: Angle Bisector @

k 1: Actions »
% 2: View »
A 3: Graph Entry/Edit »

1

- 1: Perpendicular

= 2: Parallel f1{x)=Inlx+1)+1

4 3: Perpendicular Bisector x
ya 4. Angle Bisecto oints & Lines »
.= 5: Midpoint bhapes »
‘A 6: Locus Measurement p
) 7: Compass Construction  p
=% 8: Measurement transfer  ransformation b

5. You are returned to the graph work area, where
the pencil i has appeared. Using the Touchpad,
move the pencil, press the click key once on

the positive y-axis, press the click key once on

the origin and press the click key once on the
positive x-axis. The line y = x appears. Press the

escape key .

Note: To bisect an angle, the vertex of the angle
must be clicked second.

—
-

667%y

f1lx)=Inlx+1)+1
'/ 2 A

F10 1 1

oy
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6. Now you can reflect a point on f1(x) in the line y = x.

To do this, press:

* MENU (menu)
e 8: Geometry

¢ 5: Transformation @

¢ 2: Reflection @

k 1: Actions >
G 2: View 1.

# 3: Graph Entry/Edit »
X 4: Window / Zoom »

(1, S: Trace >
\! 6: Analyze Graph » f1{c)=inlx+1)+1 1

7- Takle

j_..mg mmetr | 5 1: Points & Lines »
o8 . o (+) 2: Shapes »
'.‘ ’

»

= 3: Translation % 3: Measurement
= 4: Rotation N4 Construction
£ S: Dilation .-+ 5; Transformation

7. Move the pencil onto the f1(x) graph and press
the click key to create a point. Then move the
pointer onto the graph of y = x and press the click

key .

The reflected point will appear. Press the

escape key .

667 %y

.
l/ f1{x)=Inlx+1)+1
v X
F10 [ 1 10
6 ?7

8. Then press:

« MENU
* 8: Geometry

¢ 4: Construction @

e 6: Locus @

k 1: Actions »
G 2: View s
# 3: Graph Entry/Edit » .

- 1: Perpendicular

— 2: Parallel

~ 3: Perpendicular Bisector
£~ 4: Angle Bisector Points & Lines »
== S: Midpoint bhapes »
\{
75 7: Compass

9

% 8: Measurement transfer ransformation »

£1{c)=Inlx+1)+1
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9. Move the pointer onto the reflected point, then press 11

the click key . Move the pointer back to the L:éﬂ 6674y

original point on the function f1(x) and then press

the click key . The graph of the inverse will

appear.

Note: That this graph does not have an equation; it is 1 f1lo)=Inlx+1)+1

really just an image of reflected points. o 5 = - %
6 ?7

7.5 How to find exact values on a graph

1. Open a new document and add a Graphs page
(see section 7.1). Complete the entry line as shown:

\
8
fl(x)=-=. O - =
Vx k|
Press the enter key .
1
>
10 1 10
-6.67
2. Tl.le graph is shown. Choose a suitable viewing \ 1: Actions W
window, press: 2 View >
5 2: Zoom - Box
* MENU@ '}r 3: Graph Entry/E| ® 3 Zoom - In
e 4: Window/Zoom@ " 4 Window / Z“H, 4: Zoom = Out
S Trace :
* 1: Window Settings @ 4 S © 5. Zoom - Standard
S” ?n;lty;e Grap| . 6: Zoom - Quadrant 1
e 1% 7: Zoom - User
o 8: Geometry & 8: Zoom - Trig
11l 9: Settings 13 9: Zoom - Data
4 A: Zoom - Fit
-4 b 4
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3. Complete as shown.

XMin: | -2 |
XMax. |6 |
XScale [1 j 18—
YMin: (-2 dl_ A
H10 wmax: [0 ] 10
YScale: [2 ]
|&| ICancel[
—_
4. To place four points on the graph, press: Rk 1: Actions >
« MENU B 2: View >
e 8
e 8: Geometry * 1: Point £1(x)=—
. '
* 1: Points & Lines @ W
2: Point O @ > 3: Intersection Point(s)
* 2: Point On . Pl =
— 4 Line ‘
— 5: Segment : Points & Lines »
— 6: Ray : Shapes »
71 7: Tangent : Measurement p
—~ 8: Vector : Construction  p
(™ 9: Circle arc : Transformation »

5. Position the pencil over the graph and press the enter

key . Repeat to add the other points on the
graph. Note that their coordinates are displayed.

1) -—
bo9s2.807)  Jx

( ‘2‘49-,.S,poiht on b

P R

(]

.
(&
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6. Press the escape key to stop adding points, and

move the cursor k over the graph until it is over one
of the points. When the open hand appears ) with

f1(x)=—
the word ‘text’, press twice. This will open up a (o 98]’ ,807) J\-

text box that allows you to edit the x-coordinate or
the y-coordinates.

2749.507)
el
(495,259)

X
6

7. Repeat the above to change the x-coordinates of
each point to 1, 2 and 3. Move the coordinates to
a suitable position. Note that the exact coordinates
are shown on the graph; this will happen provided
the General Settings in the Calculation Mode are in
either Exact or Auto mode.

7.6 How to lock variables

1. Open a new document and add a Calculator page.
Assign x the value of 5. Press the enter key .
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2. To lock the variable x, press:

« MENU
¢ 1:Actions @
e 8: Lock

¢ 1: Lock Variable @

1\ 1: Actions

brs 2: Number

\= 3: Algebra

{2 4: Calculus

W S: Probability

\ 6: Statistics

(58] 7: Matrix & Vector
S8k

fh o

1. Lock Variable

2: Unlock Variable

|1: Define

2: Recall Definition

3: Delete Variable
4; Cleara-z...
5: Clear History

6. Insert Comment

8: Lock _ »

3: Get Lock Info

3. If we try to modify, change or delete the variable x,

we get a message as shown.

Lock vanable is locked

a Locked variables cannot be deleted o
modified
. To Fieﬁ;:te ;r m(l)difl'z the Va}riable, we must unlock the " Actions 11: Define
variable. 10 uniock, press: s 2: Number 2: Recall Definition
* MENU \= 3: Algebra 3: Delete Variable

¢ 1:Actions @
¢ 8:Lock
e 2: Unlock Variable @

Locking a variable can be useful to prevent
unwanted accidental changes.

fe14: Calculus

W S: Probability

\ 6: Statistics

(58] 7: Matrix & Vector

2 Unlock Variable

S€ 8:Cinanca -
1: Lock Variable 5

4. Clear a-z...
S: Clear History

6. Insert Comment

7: Library »
Lock _ »
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5. Now define a function f1(x)= x? and lock the _
function, as shown.

Lock x Done .
ClearAZ "Error Variable is locked
Unlock x Done
DelVar x Done
Define 77(x)=x> Done
Lock 77 Done
6. Open a Graphs page. Since we have already defined E 12
the function, press the up arrow ., then press -
6 v

the enter key and the graph will appear.

Now grab the graph and try to move it. A message
appears, but as the graph is locked it cannot be £1(c)mx2
moved or modified. Also we cannot modify or edit
the equation. This technique is useful, as when you
have defined and graphed a function, you may want 10 1
to avoid accidentally moving it and changing its
equation.

Cannot move dependentvanable is locked

S

Note that we can still move the function label around
the screen. 6.67

7. We can also pin down a label. Move the pointer
k until it is over the label. When the open hand
appears 9 with the word ‘label’, press:

. ctrl@
* MENU (menu)

_ 1:Recent "
- 8:Pin(8). 2:Hide/Show L .
10 3:Select
4:Window / Zoom v
S Text
6:Delete all
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8. Now we cannot move the label, as it is pinned down.

If we decided that we really wanted to move the
label to a different position on the screen, we could
just undo the last command by pressing:

. ctrl@
e esc .

6.671

label 7

-6.67

O‘\‘"-
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CHAPTER 8

Geometry

This chapter introduces the geometry applications on the TI-Nspire. This application allows you to view the size,
shape, position and other important features of various shapes. A number of theorems are explored here.

8.1 How to calculate the interior angle sum of a triangle

1. When working with Geometry applications, the
angle should be set in degrees. To set this, press:

« HOME
e 5: Settings @
¢ 2: Document settings @

Press the tab key to select Angle, then press
the click key E\ and select Degree. Press the
tab key to select Make Default, then press the

enter key .

Angle

Exponential Format INormal j

Real or Complex |Real j

Calculation Mode [ Auto [ * |
Vector Format IRectangulal ™ >

I;l |Restolel ﬂMake Defautt! [0_K| |Cancel|

2. The following screen will appear. Press enter .

_App!y your settings to open document and save :
them as default for new documents and

Scratchpad?

|Cancel|

96 Maths Quest Manual for the TI-Nspire CAS calculator



3. Start with a new document and add a
Geometry page.

2:Add Graphs
N 3:Add Geometr
" J4:Add Lists & Spreadsheet

1J5:Add Data & Statistics
6:Add Notes
_47:Add Vernier DataQuest™
Press menu
4. To draw a triangle, complete the following steps. R 1: Actions N
Press: G 2: View 4 =

« MENU
* 5: Shapes @
* 2: Triangle @

1 om

/1, 3: Trace 1 Circle
(-)1: Ci
FEITC R —
.)5:Shapes £373: Rectangle
S 6: Measuremeni-7 4: Polygon
)*‘ 7: Construction v‘_: S: Regular Polygon
-+* 8: Transformatidc 6: Ellipse
i1l 9: Settings... | >|7: Parabola
¢ 8: Hyperbola
3 9: Conic by Five Points

5. Move the pencil i to the desired position for the

first t th i K ’ s
rst vertex, then press the click key Move L_‘I =
the pencil ﬁ to the desired position for the second B
vertex, then press the click key . Move the
pencil i to the desired position for the third
vertex, then press the click key . Press the
escape key .
e point
.
6. To label the vertices of the triangle, press: X 1: Actions ~’1 R 1: Pointer
* MENU (menu) G 2: View M5 2 Select »
/T"‘ 3 Trace » * 3. Hide/Show

. 1:Acti0ns®
e 7: Text @

* 4; Points & Lines pf =" 4 Attributes
(-)S: Shapes pl 5= S: Set Conditions

§ 6: Measurement » € 6: Delete all
\-7: Construction » «
.-+ 8: Transformation pJ*+b8: Calculate

: ‘+2 9: Redefine
11l 8: Settings... 7
J @ A:Insert Slider

[# B: Math Draw
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. Move the pointer ] to a vertex, then press the click

key . A text box will open. Label the vertex A,

press the shift key to capitalise the letter E]
Press the enter key .

Repeat this process for the other two vertices,
labelling them B and C.

. When you have finished with the text, press the

escape key . We will save this document. Press:

e ctrl
* save .
Type ‘Triangle’ in the File Name box. Use the tab

key to select Save and press the enter key .

Note: To resave at any time, simply press:

i ctrl
. S[5)

Save In lMy Documents | 2 ¢
Name Type Size

| @ Dictionary Folder A
9 Downloads Folder I
| Examples Folder
|9 Images Folder s,
File Name [Tnangle l

iSavei lCancel}

. To measure the magnitudes of the angles of the

triangle, press:

* MENU (menu)

¢ 6: Measurement @

* 4: Angle @

R SR =R
[\, 3: Trace » B

* 4; Points & Lines »

: S: Shapes »

Q6 Measurement M 1: Length

\.7: Construction P 2: Area

.-* 8: Transformation Pf>~ 3: Slope

11L 8: Settings...

10.

To measure ZBAC, move the pencil i to vertex B.

When the hand with a pointing finger ¥ appears,

press the enter key . Then move the pencil i

to vertex A and press the enter key . Then
move the pencil ﬁ to vertex C and press the enter

key . The angle symbol is displayed to indicate
which angle measurement is being calculated. Press

the enter key again on vertex A to display the
measured angle.

98
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11. Repeat this process to obtain the measurements
of the other angles.

A 46°

8.2 How to illustrate a circle theorem (#1)

One circle theorem states: The angle subtended at the centre of a circle is always twice the size of the angle
subtended at the circumference of the circle and standing on the same arc.

1. To verify this theorem, start with a new document.

Press:

e ctrl @
e N @
* 3: Add Geometry @

To draw a circle, press:

* MENU (menu)
* 5: Shapes @
* 1: Circle @

'k 1: Actions

" 2: View
(1,3 Trace =
* 4: Points & Line{,

. L, 2: Triangle

- /5:Shapes |, .- Rectangle

S 6: Measuremenf1-7 4. Polygon

2 7: Construction |*; s Regular Polygon
.-* 8: Transformatidc> 6: Ellipse

1. 9: Settings... | >|7: Parabola
2 8: Hyperbola
3 9: Conic by Five Points

2. Position the pencil i at the chosen location for the

centre of the circle. Press the enter key .

Use the Touchpad to enlarge the circle. Then press:

. ENTER
® esc .
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3. We will save this document. Press: R 1: Actions

. otrl @) G2 View
. save (@) /1, 3: Trace -
In the File Name: box, type ‘Circle Theorem 1°. Use : ';ha e: LM;' 2: Point On )
the tab key to select Save and press the enter = P :'->-3—:—| mersecﬂqn Ehis)
) N Prece § 6: Measurement] - 4. Line

ey - Ow Fress. - 7: Construction |_-s: Segment
« MENU @ .-+ 8: Transformatio|. - 6: Ray
« 4: Points & Lines @ 11, 9: Settings... 71 7: Tangent
. 1: Point -~ 8: Vector

: Point )- {™9: Circle arc

4. Move the pencil ﬂ to a position on the perimeter
of the circle, then press the enter key . Move
the pointer to another point on the perimeter of the

circle, then press the enter key . Move the
pointer to a third point on the perimeter of the circle,

then press the esc key , to stop adding more

points.
5. To draw a line segment between points on the circle, k 1: Actions >
press: G 2: View 4 =
=< L am
* MENU (menu) /1, 3: Trace [~ Pork
* 4: Points & Lines @ * 4 Points & Lines . 2: Point On
« 5:Segment (5). SR 2 3: Intersection Point(s) _

€ 6: Measurement] - 4. Line

-7: Construction | T

.-* 8: Transformatio|. - 6: Ray

11L 9: Settings... 71 7: Tangent
- 8: Vector
{™9: Circle arc

6. Move the pencil ﬂ to one of the points until it
turns into the hand with the finger ; then press

the enter key . Move the pointer to a point
you wish to join with a line segment, then press

the enter key .

Repeat for each pair of endpoints as shown.

Press the esc key .

point
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7. Label the vertices for ease of reference. To do this,
press:

+ MENU
* 1:Actions @
* 7:Text @

Then press the esc key . Move the points
around the circumference of the circle and position
the labels for a better view. Resave the document.

8. To measure ZAOB and ZACB, complete the
following steps, as in section 8.1.

* MENU (menu)
e 6: Measurement@

* 4: Angle @

Move the pointer over vertex A and press the enter
key . Repeat this for vertex O and vertex B.

Note: The vertices must be selected in the
order given.

bpoint 8

117°

9. Repeat this process for ZACB.

54°

111°

10. Notice that the angle at the centre of a circle is
always twice the size of the angle subtended at the
circumference of the circle and standing on the
same arc. To check if this theory holds true, drag
a vertex and change the values. To do this, move
the pointer R until it hovers over a point. When the
shape changes to an open hand 2, press:

. ctrl@
* CLICK[Z].

The hand will close. Drag the vertex and watch

the measurements change accordingly. Resave the
document. The angle sizes always stay in the ratio of
ZACB: ZAOB=1:2.
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8.3 How to illustrate a circle theorem (#2)

1. To show that two tangents that meet outside a circle
are equidistant from the point of contact on the
circle, complete the following steps.

Start with a new document and add a Geometry page.

Draw a circle as shown, and place two points on
the circumference of the circle. Save the document
under the name ‘Circle Theorem 2’. The steps to do
this are described in section 8.2.

2. To draw a tangent to the circle at each point, R 1: Actions N
complete the following: S 2', View > ~
—— S — 1em
* MENU (meny) £\, 3: Trace [~ 1 Point
¢ 4: Points & Lines @ * 4 Points & LM ~ 2: Point On
7 Tangent (7) )3 Shapes o 3: Intersection Point(s)
+ Tangent ) N 6: Measurement] - 4. Line

A 7: Construction |- 5. Segment
.-+ 8: Transformatio|. - 6 Ray

{1l 9: Settings... | NS
-~ 8: \Vector
{™9: Circle arc

3. Click on each point on the circumference, then press

the esc key .
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4. To find the point of intersection of the tangents, press: \ 1: Actions >

* MENU (mend) i 2: View = a

* 4: Points & Lines @ f1,3: Trace | * 1: Point

¢ 3: Intersection Point(s) @ ,- 4: Points & LM" 2: Point On

(-)S: Shapes x

§ 6: Measurement] -
-:'a» 7: Construction —5: Segment
.-+ 8: Transformatio|. - 6: Ray
114 O Settings... 71 7: Tangent
-~ 8: Vector
{™9: Circle arc

5. Move the pointer R over one of the tangents. When
the word ‘line’ appears with the finger 1, press the

click key or the enter key . Then move the

finger ¥ over the other tangent and press the click
key . The tangents will be extended and the point

of intersection will be displayed, then press the esc

key .

6. To measure the length of each line segment, press: Rk 1: Actions N
* MENU (menu) B 2 View >
* 6: Measurement (6) £\, 3: Trace »
* 4; Points & Lines »
* 1: Length ( ). -
® (-)S: Shapes »

N 6: Measurement M

\-7: Construction P} 2: Area
.-* 8: Transformation P>~ 3: Slope

{11 9: Settings... 4 4: Angle

|x S: Directed Angle

7. Move the pointer R to the point of intersection 11

and press the enter key . Then move the > =
pointer R to the other point on the line and press 8 49 cm

the enter key .

The length of the line will be displayed.

Press the enter key to display the measured
length.
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8. Repeat this process for the second line. Then press
the esc key . This shows that two tangents that

meet outside a circle are equidistant from the point
of contact on the circle. You can reposition the
labels to get a better view and resave the document.
To check that this is always true, grab and move the
points on the circumference or change the radius

of the circle. The lengths of the line segments 18 9 em
remain equal.

18 9c¢em

8.4 How to optimise a rectangle inscribed in a circle

Consider the following optimisation problem. ‘Given a circle with a radius of r, inscribe a rectangle with
base length / and width w, such that all vertices of the rectangle lie on the circle. Find the ratio of the largest
rectangle, to that of the circle.’

1. To solve this problem geometrically, open a new R 1: Actions
Sﬁi?:g?;;?d add a Geometry page. To draw a ‘0; § \T/'ew
I . lrace :
" MENU @ * 4; Points & Line 2: Triangle
* 5: Shapes (5) 9EShapes T 3: Rectangle
* 1: Circle @ § 6: Measuremen(1-7 4. Polygon

- 7: Construction |*; s Regular Polygon

-+ 8: Transformatidc 6: Ellipse

1L 9: Settings... | |7: Parabola

¢ 8: Hyperbola

3 9: Conic by Five Points

2. Position the pencil ﬂ at the chosen location for the m
centre of the circle. Press the enter key . —

1 om

Use the Touchpad to enlarge the circle. Then press:

. ENTER
® esc .
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3. Now place a point on the circumference of the Rk 1: Actions N

circle. To do this, press: ﬁ& 2 View > ~
= L em

* MENU @ /T, 3: Trace [~ 1 Point

+  4: Points & Lines () - & Points & Lines . m_

« 2:Point On (2). () S: Shapes > 3: Intersection Point(s)
& 6: Measurement] - 4. Line

A 7: Construction [.- 5. Segment

.-+ 8: Transformatio|. - 6: Ray

111 9: Settings... v 7: Tangent
L—‘ - 8: Vector

{™9: Circle arc

4. Position the pointer R over the circle. When the
pointer changes into the finger ¥ and the word

. il L en
‘circle’ appears, press the enter key or _I ™
the click key . Move to another point on the

circumference and place another point on the circle,

then press the escape key .

5. Now join these two points with a line segment. To Rk 1: Actions >
do this, press: A ~
'? 2: View 4 =
* MENU (men) (1.3: Trace s P
* 4: Points & Lines @ * 4 Points & Llnd ~ 2: Point On
+ 5 Segment (5). L5 Shapes o 3: Intersection Point(s)

§ 6: Measurement] - 4. Line
A 7: Construction | -
.-* 8: Transformatio|. - 6: Ray

111 8: Settings... v+ 7: Tangent
{—" - 8: Vector

{™9: Circle arc

6. Position the pointer R over the first point. When
the pointer changes into the finger 1 and the word

‘point’ appears, press the enter key or the ol
click key . Move to the other point and press

the enter key or the click key , then press

escape .
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7. Now construct lines perpendicular to this line

; k 1: Actions <
segment. To do this, press: &S 2 View N
* MENU (menu) /1, 3: Trace ’
 7: Construction @ * 4 Points & Lir \ SRN=Rrrr erey
* 1: Perpendicular @ () S: Shapes |- 2: Parallel

§ 6: Measuremd-+ 3: Perpendicular Bisector
-7 Constructio] ~- 4: Angle Bisector
.-*8: Transformd.-* S: Midpoint
111 O: Settings... |\{ 6: Locus
k =) 7: Compass
= 8: Measurement transfer

8. Position the pointer R over the first point. When 111 8 *Doc < 3 o]
the pointer changes into the finger ¥ and the word r_,_l -

‘point’ appears, press the enter key or the
click key . Move to the segment, then press

the enter key or the click key . Repeat for

the other point as shown, then press escape . *

Vsegment

9. Now find the point of intersection between these R 1: Actions N
perpendicular lines and the circle. To do this, press: B2 >, \z3 —
i 2: View » =
* MENU (menu)

i\, 3: Trace = 1: Point
* 4: Points & Lines @ * 4 Points & Lineq . 2: Point On
* 3: Intersection Point(s) @ LS. Spig i 5: Intersection Point(s)

§ 6: Measurement] - 4. Line
2 7: Construction |- 5: Segment
.-* 8: Transformatiol. - 6: Ray

111 8: Settings... v 7: Tangent
L -~ 8: Vector

{™9: Circle arc

B L om
@

10. Click on the line, then click on the circle. Note the
lines will automatically be extended and the points
of intersection will be shown.
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11.

These lines are only for construction, so we want
to hide them. To do this, press:

e ctrl
MENU (menu)

2: Hide/Show (2)
¢ 1: Hide Selection @

1:Recent
1. Hide Selection
3:Select
4:Window / Zoom
S:Text

6:Delete all

8:Pin

12.

Click on the line and it will disappear. Repeat for the
other line and the line segment.

13.

Now we will draw a polygon over these four points.
(A rectangle would not work, as it would not enforce
the fact that the four points lie on the circle.) To
draw the polygon, press:

* MENU (menu)
e 5: Shapes @
* 4: Polygon @

k 1: Actions 3
Bi2Vview  » =
/1,3: Trace al
; . -1 1: Circle
; 4: Points & Line{ 2 Triangle
(-)S: Shapes =

{27 3: Rectangle
S 6 Measuremen . Y S

2 7: Construction |¢*; 5. Regqular Polygon
__8_ Transjormati( 2 6: Ellipse

11 9: Settings... |>|7: Parabola
L i 8: Hyperbola

3 9: Conic by Five Points

14.

Now click on the four points, in either clockwise or
anti-clockwise order, but we must click on the first
point again to tell the tool we have enough vertices.

Then press escape .

S 1om
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15. qu lab\el the five Poin\;iilTo c:]o thi§, movi the * 1: Actions ’F X 1. Pointer i
pointer ® over a point. When t ‘epc.)m,terc anges B 2 View bl 2 Select >
into the finger ¥ and the word “point’ appears, - g d
press: /1. 3: Trace pl * 3: Hide/Show
. * 4 Points & Lines »] =" 4 Attributes

MENU i ) S: Shapes > 1 S: Set Condiﬁons
* 1: Actions (1) & 6: Measurement | @ 5: Delete all
.- \7: Construction  »|*! NI
7: Text (7). .-* 8: Transformation pJ**0 8: Calculate
: "+~ 9: Redefine
114 O Settings... ”
L_/ #: A Insert Slider
[# B: Math Draw

16. A text box will open. To type in the label for the
point, type A, then press the enter key .

17. Repeat and label the other vertices of the rectangle l__
B, C and D and the centre of the circle O.

-

__ 5

ot L om
:T TA
q11 8 39 4]
1 om

A

18. Now we should save the document. To do this, press: -
e ctrl @

Save In Documents 2 8
+ save [y ¥
Name Type Size
and give it the name ‘areacrect’. Tab to Save | Dictionary Folder A
and press the enter key . % Downloads Folder [
|9 Examples Folder
| Images Folder 5,
File Name IA:eacvect |
ISavei lCancel{
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19. Now we want to measure various quantities. To

measure the area of the circle, press:

« MENU

¢ 6: Measurement @

e 2:Area @

Click on the circle and its area appears. Press the

enter key , then click on the polygon and its
area appears; press the enter key , then press

escape .

k 1: Actions »
& 2: View »
/1, 3: Trace b
' 4 Points & Lines »
() S: Shapes »

$ 6t Measurement M 1: Length

\-7: Construction  PJi=

.-* 8: Transformation Pj>~ 3: Slope

11L 9: Settings... 4 4: Angle
. s S: Directed Angle

20.

Move the labels to a more suitable position on the
screen and move the pointer R over the label for the
area of the circle, then press:

e ctrl @
« MENU
e 5: Store @

In the text box that appears, type in ‘areac’ as the
variable to store the area of the circle.

1:Recent , Low
D 2:Attributes

3:Hide text

4:Delete 2.cm?

6:Variables ’
O |7:Pin

[ 3
8:Attach .

—____|A:Conditions. ..

21. Repeat for the area of the rectangle. Use ‘arearect’
as the variable to store the area of the rectangle.
The polygons can be coloured by selecting them,
then pressing ctrl, menu, selecting Color and then
selecting Fill Color.
areac=159 em®
arearect=98 5 cm?
22. Now measure the lengths of the sides, AB CD and R 1: Actions N
the radius OA of the circle. To do this, press: [‘6‘ 2 View >
« MENU (T, 3: Trace >
* 6: Measurement@ * 4; Points & Lines »
* 1: Length @ (-)S: Shapes »

\7: Construction P} 2: Area
.-* 8: Transformation »j>~ 3: Slope
4 4: Angle
s S: Directed Angle

11 s Settingi.
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23. Move the pointer R over the point A, press enter

, move over the point B, and press enter \ =
. The length of AB will appear. Repeat
for points C to D to measure CD and points
OtoAto meas.ure OA, then press escape el s
to stop measuring lengths. Move these labels to 2 12 em
appropriate positions. SRS ER L ek
11.1cem
8 44cm

24. Repeat the process in step 21 to store these length
labels with variable names as shown. Use ‘length’
and ‘width’ as the variable names to store the length Lam
and width of the rectangle, and ‘radius’ to store the A
radius of the circle.

areac=159 cm?
radius=7 12cm

arearect=98 5 cm’
length=11 1cm

width=8 44 cm
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CHAPTER 9

Trigonometry

This chapter deals with finding trigonometric ratios, converting between degrees and radians, solving trigonometric
equations and drawing trigonometric functions.

9.1 How to set the mode to radians or degrees

1. Put the calculator in degree mode. To do this, press:
+ HOME

* 5: Settings @ A
. 1:Change Language. ..
¢ 2: Document Settings ... @

2. Document Settings
3:Handheld Setup...
4:Status...

6;Network -

CUlEden®

2. Use the tab key to scroll down to Angle,
then press:

- CLICK[Z). i
oy
Select Degree. gt

Exponential Format: | Normal
Press the tab key a number of times to select y [ :I
Make Default, then press: Real or Complex: IR“l :]
« ENTER ' Calculation Mode: [AUtO :I

Vector Format: | Rectanaular 1 ~

I:f \Restore| |Make Defautt| ]&! |Cancel|
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. Now open a new document and add a Calculator
page by pressing:

¢ 1: New Doc @

Select No (if you do not want to save the current
document). Press:

« ENTER .

Open a new Calculator page by pressing:

¢ 1: Add Calculator @

' Do you want to save ‘Unsaved Document?

Yes [lN_o] Canceljl

. To convert an angle expressed in decimal degrees
to degrees, minutes and seconds, complete the
following steps. For example, express 25.34° in
degrees, minutes and seconds. Type 25.34 onto the
Calculator page, then press:

¢ catalog
e 1 @
+ D(D]

Scroll down and select p DMS, then press the

enter key .

1E3

dim(

Disp
domain(
dominantT erm(

dotP( v
A || e.Wizards On
Expr POMS &

. When you return to the Calculator page, press the

enter key .

(25 24)pDMS

. To convert an angle expressed in degrees, minutes
and seconds into decimal degrees, complete the
following steps. For example, convert 67°28” into
degrees only.

Use the Maths Expression palette to enter the angle.
To do this, press:

Select the template option highlighted on the screen
opposite. Then press the enter key .

(25 24)pDMS

CALRVCIECIC i CI AR
jol E6d 00| [ |6 | £s o 4o £0
&0 |Ex fou 575 T
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7.

Type the angle, using the tab key to move
between fields. Then press the enter key .

1

I

(25 24)pDMS 2502024 00"

67228

8. The answer is given as an improper fraction because

the Calculation Mode is set to Auto. To get a
decimal approximation, press:

. ctrl
« ENTER .

11

(25 24)pDMS 2502024 00"

67°28' 1012
15
67°28" 67 4667

It may be more useful to change the Calculation
Mode in the Document Settings to Approximate.
To do this, move the pointer R over the Settings
icon (at the top of the screen, next to the close box)
and press:

* CLICK

e 2: Document Settings @

Use the tab key to select Calculation Mode.
Press:

e CLICK . Select Approximate, then press the

enter key twice.

(4 Display Digits: | Fix 2

>

o Angle
Exponential Format INo:mal I
Real or Complex: [Real j
Calculation Mode. | Approximate
Vector Format AR >
—— Exact -

RRLEHGIERINE] Approximate pncel

10.

To calculate trigonometric ratios such as those
shown, press the trig key and select the

appropriate trigonometric function from the palette.

(a) sin (84°)
(b) cos (45°16")
(c) tan (156°18’50”)

11

I ’—

(25 24)pDMS 25920'24 00"

67°28' 1012
15
67°28' 67 4667

Cos | tan | ¢sSC | secC cot
sin® | cos' | tan” | csc” | sec”| cot!
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11. Enter the information as shown on the screen m
opposite, using the Mathematical Expressions

palette as required. 67°28' 2012 2
15
67°28' 67 4667
sin(84) 0 994522
cos(45°16'0") 0 702808
tan(156°18'30") -0 438796
|

12. To find the value of an angle to the nearest second,
such as those shown, follow the instructions below.

(a) sin(6)=0.6471 cos(45°16'0) 0 703808

(b) cos(6)=0.3182 tan(156°18'20") -0 438796

(c) tan(0)=1.25 : "
(sin"(0 6471))» DMS 40°19'23 9141

To access the inverse trigonometric functions, press

the trig key and select the appropriate function. (cos"(O 3 182))' DMS 71°26'45 2278"

The outer brackets appear automatically when (tan"(l 25)). DMS 51020'24 6902"

you press the enter key . Round answers

approximately. | <

13. The calculator can also be used to solve problems
such as the one below.

(1 > ©20'24 6903"
A woman walks 6 km south from her campsite and (tan"(1 “S))’ s e
then turns and walks 2.5 km west. What is the true 25 22037'11 128"
bearing from her campsite to the nearest minute? tan"( Z ))’ DMS
The answer to the nearest minute is 202°37".
22°37°11 5138129476"+180 202 62

(202 61986494804)» DMS
202°37'11.5138"

<
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9.2 How to work with exact values

1. To work in exact values, return to the General
Settings screen and select Exact from the

Calculation Mode (see section 9.1). (Q Display Digits: o
o

= —

| Exponential Format: |Normal J
Z Real or Complex [P.eal :l
(: Calculation Mode: | Exact
| Vector Format: |2t N

\ 7| |Restore Mai Approximate anel

&

<

2. Try answering the following.

(a) sin (60°) sin(60) 5
2

(b) cos (45°)

(c) tan (330°) cos(45)

Note that we can always check what mode the Angle

setting is in, by moving the cursor over the settings

icon in the top right hand corner of the screen, next tan(230)

to the close box. —
2

9.3 How to solve trigonometric equations

1. B.efore beginning, it is a good idea to clear the " 1: Actions 1: Define
history. To do this, press: b5 2: Number 2: Recall Definition
* MENU (menu) - i: élgleb:a 3: Delete Variable
ks 14 Calculus 4. Clear a-z. .,

* 1:Actions (1) @ S: Probability

* 5: Clear History @ \ 6 Statigics 6: Insert Comment
[38] 7: Matrix & Vector :
$¢8: Finance ALY

[§3 9: Functions & pfogran-§3 L'ock

(o)
(I v

To solve the following equations for x € [_180,180], complete the steps shown.

(a) sin(x)z% (b) cos(x):% (c¢) tan(x)=-1
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2. To use the Solve application for part (a), press:

« MENU
e 3: Algebra @
¢ 1: Solve @

T Acins o
s 2: Number
\= 3¢ Algebra |2 Factor

f¢24: Calculus |3 Expand

@ S: Probability4: Zeros
T 6: Statistics |5: Complete the Square

281 7: Matrix & \|6: Numerical Solve
$¢8: Finance |7: Solve System of Equations »

(81 9: Functions|8: Polynomial Tools >
9: Fraction Tools »
A: Convert Expression »

v

3. Complete the entry line as:

solve (sin(x) = g,xj |-180 < x <180

Press the enter key .
Repeat this process for parts (b) and (c).

Note: The given key can be accessed from the
palette, by pressing the ctrl key @ and @, or from

the template, by pressing the ctrl key @ and @

solve| sin(\‘)-

X|-180=x=180

x=60 or x=120

1
solve cos(x)-—),r |-180=x=<180
x=-60 or x=60

solve(tan(x)=-1,x)]- 180<x<180
x=-45 orx=135%

. Change the Document Settings to Radian when
you wish to work in this mode. To do this, move
the pointer R over the Settings icon at the top of the
screen next to the close box and press:

+ CLICK

e 2: Document Settings @

Use the tab key to scroll down to Angle, press:
* CLICK[Z]

Select Radian. Use the tab key to select Make
Default, then press:

+ ENTER twice.

You will be returned to the last screen, the
Calculator page on which you were working.

Display Dnglts Float 6

5

Exponential Format: ’ Normal

Real or Complex: [ Real

Calcutation Mode: | Exact

Vector Format: [Rectangular l

v

17| |Restore| | Make Defautt||| OK | | Cancel

\
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5. For example, solve cos(2x) = %forx el[-2r,2r].

solve(tan(x)=-1,x)]-1805x<180
x=-45 or x=135

1
solve cos(.Z .\‘)-—,x |-2: nSx<S2: ®
>
=155% -9 7% 7
X= orx= or x= OF X=== Or »

<

6. Sometimes general solutions are required.
They appear when no domain is specified for the
equation.
For example, solve sin(2x) = %
For general solutions, the bold figures are elements
of the set of integers and represent rotations around
the unit circle. Each time you solve a general
solution, the number next to n increases by 1. Note
that exact radian values are given as the calculator is
set to Exact mode with the Angle mode in Radians.

-15' x 90w 7' ®
X= orx= or x=

X
or x==—0or»

2

; 1
solve(sm(.-?- X -—,x')

(8-n9+1) T (8 n9+3)‘ n
X orx
8 8

<

9.4 How to convert between radians and degrees

1. Begin by clearing the history.
To convert %Tr into degrees, type the angle using the

fraction template, then press:

. catalog
- 1D
- D[D).

Select pDD and press the enter key twice.

pDecimal

Define

Define LibPrv “
A [ = Wizards On
Number POD 2
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2. There was no need to type the radian symbol " as

the General Settings are in radians. If required, this
symbol can be found in the symbol palette or from

the @ key.

Sn 225°

—>»DD

. To convert 60° into radians, type 60 on the
Calculator page. To get the degree symbol, press:

. ctrl@
e catalog .

Select the degree symbol as highlighted in the screen
opposite. Then press:

« ENTER .

4. Now press:

. catalog
+ R[R].

5. Select pRad and press the enter key twice.

Note: The degree symbol had to be used because the
current Document Settings are in radians.

5. 2250
=Z)»pD
4

(60°)» Rad (n)
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9.5 How to graph trigonometric functions

1. To graph the function
f:l-m,m]— R where f(x)=3sin(2x), complete

the following steps. o 71(c)= 3sm(l\')|-7ti\‘57|] <
A
Open a new document and add a Graphs page i
(see section 7.1). [
Complete the function entry line as: 1t i
* * v * g g v * v v - —»
fl(x)=3sin(2x)|-r<x<m o | 1 10
Press the enter key .
667 1
2. To change the viewing window for this graph, press: m
« MENU ‘
* 4: Window / Zoom @ XMax [“
¢ 1: Window Settings @ | XScale l""“ j
Change to the settings as shown and press the ‘ YMin: [-5 &
p—t—t—N ~I| L
enter key . These values were chosen as the F10 ‘ YMax ls 10
amplitude is 3. | VScate: [ _:I
1
| — tSx<n
‘ OK[ Cancel

5Ty

fl(\') {3 sin(2 .\‘),-nSrsyt

3

A
A
g

Trigonometry 119



4. To find important features of the graph, press:

fl(\ 3 sin(2 x). -nsxsn
e 5:Trace @ maximum
¢ 1: Graph Trace @
1
As you trace the graph, the coordinates of the

maximum point will be displayed when the word o
‘maximum’ appears in a box as shown. Note that the \
coordinates are shown as decimal values; however,
we can check on a calculator page for these exact
values. You can also use this method to find the L (0785 . 3)
coordinates of maximum points and the x-intercepts.

g

<

5. Open a Calculator page and press: E

* MENU (menu)
. 3:Algebra®

* 1:Solve @ solve(ﬁ(\‘)--Z,t)l-ni\'Sn o R
Complete the function entry line as: A 4 HX 4

solve(f1(x)=3,x)|-w<x<m
Press the enter key . solve(ﬂ(\')-o,\')l'nS):Sn

N 7
Repeat for the minimum and x-intercepts, as shown X=-7t Or X==— or X=0 or X="— or X=1 |
isi 2 o)
on the Calculator page. This is a very useful method < -
when exact values are required. =

6. To return to the graph on page 1.1, press: m 12 .
e ctrl @ 5Ty

. left arrow 4 ( 3n ) f1(x)={3 sin(2: x), n<xcsn
4 ' X 5

As shown above, edit the coordinates of L ( \4 .3)

the maximum and minimum points and the two ( T )

x-intercepts to show on the graph the exact values — 2 0 y i

of these critical points. b - x (\157,0) x

: /
>
(Z7) (22,3)
% 4

The Graph and Calculator pages of the calculator are useful for solving problems such as the one below.

The height (cm) that a clock’s pendulum swings above its base can be approximated by the function
H(t)=14+ 6005(%) for >0 at any time 7 seconds after being released.
(a) Find the exact maximum and minimum heights that the pendulum reaches, and the first times these occur.

(b) Sketch the graph of the function over the first 8 seconds.

(c) On the same set of axes, sketch the median position.
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7. Open a new g()lcur";lﬁnt and a<.id a Calculator page 1 Actons

(see section 2.1). Then press: b5 2: Number 2: Recall Definition

« MENU \= 3: Algebra 3: Delete Variable
{t94: Calculus 4: Clear a-z

o 1:Acti . : : 2

ctions @ P 5: Probablllly S: Clear H;st()[y

* 1: Define (7). r:,\I:.Gf S(atl-STICS _ 6: Insert Comment
{aa) 7: Matrix & Vector >
$¢8: Finance : Ly ;
[f& 9: Functions & Progra § L,Od %

> Complactheenyiness 0 T

Define f1(x) = 14+6cos(3”7x x>0

2
-

Define f!(,\')- 14+6 cos(

Then press the enter key .

9. To draw a graph of H, now defined as f1(x), you
will need to add a new Graph page to the document.
Press:

* HOME (G} on).

Select the Graphs icon, then press the

enter key .

@@..--

Add Glaphs to: Ne

10. Use the Touchpad and the up arrow a to display
f1(x), which has already been defined in this
document. Press the enter key .

-lo.........-l.........l

6.67 ¢
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11.

A more appropriate window needs to be set. To do
this, press:

« MENU XMin: l-]
XMax:
* 4: Window / Zoom @ ? {8 :I
XScale: | »
* 1: Window Settings @ M [
-S -
Select the values as shown, tab to OK and 0 | yMax: |2S = ',!0"
press the enter key . These settings shown Vieais:
were chosen because the minimum height equals [2 :I
14 — 6 = 8 and the maximum height equals OK.! '-C
14+6 =20, and we also see the axes along with batdl Sacey
the scale. L
12. Tc?lfind t(llle first mai(imunﬁ and n;linrirmlilm \;?lues, y0}1 R 1: Actions N.
will need to trace along the graph. To do this, press: B 2: View N

* MENU (menu)
e 5: Trace@

e 1: Graph Trace @

A 3: Graph Entry/Edit »
-~~4 window/Zoom M/\ /\ [\

7 5: Trace A,’, Graph Trace
\ '6: Analyze G ‘: 2: Trace All
7: Table w2 3: Trace Step...

o4.8: Geometry | € 4: Geometry Trace
114 9: Settings...

cogt |

H1 2

13.

Use the Touchpad to move along the graph. When
the first minimum is displayed in a box press the

enter key .

A

mmlmum

ln

fl(\') 14+6 cos

2¢ 2

,.\‘20

X

(0667.8) °

14.

When the first maximum is displayed in a box, press

the enter key , then press escape .

0.6678) W
o MX
ﬂ(r)- 14+6 cos( ),.\‘20
>

[

3
U | 2

i 1233,2)°
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15. To find the exact times of these maximum and
minimum values, return to page 1 of the document.

n'l'l 12 P

To do this, press: )
Ivelf7\x)=20x)|0=x<8
o ctrl @ " w-( (\) L = 2
4 8 16 2(
* left arrow 4. x=0 Or x=— Or X=— Or X=4 Or X=— Or X=—>»
3 3 3 3
Complete the entry lines as shown.
solve(ﬂ(x)-S,w)lOSxSS
2 10 14 z
Y= O X=2 oI X=== O X="== O x=0 Or X==
3 3 =
I
16. Return to the graph page. To do this, press: TIEE
« ctrl @)

* right arrow p.

Edit the coordinates on the graph to display the first
maximum and minimum values with their exact
values as shown.

28,

[

-~
-

[ 5
2 P
( 3 -8) ﬂ(\')-{l‘hé cos( Z ‘).\'20

17. The median position is the centre of the curve,
which falls halfway between the maximum and the
minimum. This is at H = 14 cm. To draw this median
line, complete the function entry line as: f2(x)=14.

Press the enter key . Note that the period of the

f .. 2r _4 . ..
unction is 33 so the maximum and minimum
2

values repeat every % seconds.

")
[ B 3 x
el ﬂ(\')-{l«hé cos( - \),\'20

-~

[

: : : .4
"W 2 S
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CHAPTER 10

Financial mathematics

The general principles of growth and decay can be modelled by equations or graphs. Many examples of growth and
decay can be found in the world of business and finance.

10.1 How to calculate simple interest

1. Start with a new document. To do this, press:

+ HOME

e 1: New Doc @ A B e Doc ument.
Select No. o & |

Press: :

* ENTER (enter).

COtenee

2. To calculate the simple interest if $8320 is invested
for 3 years at 6.45% p.a., select:

¢ 1: Add Calculator @

B™ 1.Add Calculator

i 2:Add Graphs

N 2:Add Geometry

*_J4:Add Lists & Spreadsheet

11S:Add Data & Statistics
6:Add Notes

_47:Add Vernier DataQuest™

Press menu
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3. To calculate the simple interest earned, press:

* MENU (menu)
e 3: Algebra @
¢ 1: Solve @

B e
b 2: Number

\- S Algebra |2 F

fe14: Calculus |3 Expand
¥ 5: Probability4: Z

T 6: Statistics |5 Complete the Square
28] 7: Matrix & \|6: Numerical Solve

$¢8: Finance |7: Solve System of Equations »

@9: Functions 8: Pownomial TOOlS P
9: Fraction Tools »
A: Convert Expression »

v

4. Complete the entry line as:

pXrXt
100

Press the enter key .

The interest earned is $1609.92.

,SI

solve (si =

| p=8320andr=6.45and =3

[ T

oy
solve(s:-%,s:)p-&zo and r=6 45 and 7=
1

si=1609 92

5. To calculate, to the nearest month, how long it

would take to earn $1950 simple interest if $16325
is invested at 9.75% p.a., press:

* MENU (menu)
e 3: Algebra @
e 1: Solve @

Complete the entry line as:

PXrXt

100 | p=16325and r =9.75 and

si=1950
Press the enter key . The time in years is 1.225.

N

solve(si =

The time to the nearest month is 1 year and 3 months.

[ DT
prt
solve(sl-m-,ﬂ)p-&zo and r=6 45 and 7=

si=1609 92

C 5 §

.I)[D- 16325 and »=9 75 and s»

solve(sl-p
100

=1 22511
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10.2 How to calculate compound interest

1. To calculate compound interest,nthe compound ¥x 1: Actions
interest formula A = P(l + ﬁ) can be used in s 2: Number
\= 3: Algebra

a manner similar to the simple interest formula, as
shown in section 10.1. Alternatively, the Finance
Solver table can be used. To find the amount of

{t24: Calculus
W S: Probability

interest earned if $3200 is invested for 5 years at \ 6: Statistics &

? 1: Finance Solver
6% p.a. compounded quarterly using the Finance 28] 7: Matrix & Vector . 2 've
Solver table, begin with a new document and add $ ¢ 8: Finance 2: TVM Eunq'ons »
a calculator page. Press: [§3 9: Functions & Pro|3: Amortization »

4: Cash Flows >

* MENU S: Interest Conversion »
* 8: Finance 6: Days between Dates

¢ 1: Finance Solver @

o the e s shown Fnancesover )
N is the number of payments (20). 1(%) |6 IE

I(%) is the interest rate p.a. (6). ‘ PV [ 3200 J
PV is the amount to be invested (3200). ‘ Pmt [0 j
Pmt is the regular payment ($0). FV l :l
FV is the future value of the investment (to be PpY [4 j
determined). cpy I 4 ]v
PpY is the number of payments per year (4). Edit Compound Periods / Yr, CpY

CpY is the number of compounding period J

per year (4).
Press the tab key to move between fields.

3. Press the tab key to return to the FV field and _
press the enter key .

N: |20 s
The investment is worth $4309.94 after 5 years. 1(%): [ 6 J
The interest earned is $4309.94 — $3200 = $1109.94. PV: [ 3200 j
Note: The future value (FV) is given as a Pmt: [0 j
negative value.
[Fv:]| -4309 3360209602 [ |
PpY: |4 |~
Finance Solver info stored into
tvm n, tvm |, tvm pv, tvm pmt
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10.3 How to calculate the interest rate

1. To calculate the interest rate per annum
(to 2 decimal places) that would enable an .

investment of $3000 to grow to $4000 over 2 years N: |8 J
if interest is compounded quarterly, press:
[iee):][ 14 sasassesizzi] i

* MENU (meny) PV: | 3000 [v
« 8 Finance Pmt: [0 :I

¢ 1: Finance Solver @ EV: I 4000 :I
Complete the fields as shown. PRY: |4 |~
N is the number of payments (8). Finance Solver info stored into

tvm n, tvm ., tvm pv, tvm pmt

1(%) is the interest rate p.a. (to be determined).

PV is the amount to be invested (3000).

Pmt is the regular payment ($0).

FV is the future value of the investment (—4000).
PpY is the number of payments per year (4).

CpY is the number of compounding period
per year (4).

Press the tab key to move between fields.
Press the tab key to return to the interest 1(%)

field. Press the enter key . The interest rate
would be 14.65%.
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10.4 How to calculate the monthly repayment on a reducing
balance loan

1. To find the monthly repayment on a reducing
balance loan of $94 000 to be repaid over 20 years at
an interest rate of 7.5% adjusted monthly, press: N: [ 240 ]A
* MENU (menu) 1%): [ 152 |
* 8: Finance PV: l 94000 j

* 1: Finance Solver @ | Pmt: Il 757 2576019387 ]
Complete the fields as shown. FV: IO ]
N is the number of payments (20 x 12 = 240). PoY: |12 S

Finance Solver info stored into

I(%) is the interest rate p.a. (7.5). R o ’ e
vm.n, tvm |, pv. tvm p

PV is the amount to be borrowed (94000).

Pmt is the regular payment (to be determined).
FV is the future value of the investment (0).
PpY is the number of payments per year (12).

CpY is the number of compounding period
per year (12).

Press the tab key to move between fields. Press
the tab key to return to the Pmt field. Press the
enter key . The monthly repayment is $757.26.

2. Press the escape key to return to the Calculator m

page. Note that the Finance Solver has automatically

stored these variables for future use. To use any | S tvm.cpy

of these values in further calculations, press the '0":: '-Vm-fV

var key and select the appropriate variable. ,: SAUH

Doing this ensures that exact values are used in Y tvm.pmt

subsequent calculations instead of rounded values Yitvm . pmtat

and will also ensure correct typing of the variables. Hatvm.ppy
Hiatvm.pv
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10.5 How to calculate the balance of the principal after
any instalment

1. Continuing with the example in section 10.4, now m
calculate the balance after one payment. To do this,
press. bal(1,5vm m,tvm i.0vm pv.ivm. pmtvm fv.ivm ¢
« MENU 93830 2
* 8: Finance

¢ 3: Amortization @

e 2: Balance @

Complete the entry line as:
bal(l,tvm.n,tvm.i,tvm.pv,tvm.pmt ,tvm. fv,
tvm.cpy,tvm. ppy)

Press the var key and use the Touchpad to select

the appropriate variable in the correct order as shown.
This shows that after one payment the balance of the
loan is $93 830.24.

2. To show the progress of the loan on a graph, in a
Scratchpad, first set the window settings. Press:

. XMin: | o
HoME @) o [55

* B: Graph

« MENU

* 4: Window / Zoom @

* 1: Window Settings @

XScale lm

YMin [0

YMax: [ 100000

YScale [ 10000
Enter the values as shown and select OK. —_—

3. To define the graph, press tab and complete as
shown, typing on the one line.

F1(x) = bal(int(x), fressy
f1lc)=ballintlx) tym.n tvm.itvm.pv tvm.pm¢

tvm.n, tvm.i, tvm.pv, tvm.pmt, tvm.fv, tvm.cpy, tvm.ppy)

Note: int(x) has been used because the days and months
are limited to integer values.

Sl
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1: Aptions
To trace the balance of the loan, press: f Ao
/4 3: Graph Type
4

4. The graph should be displayed. X »
(o »

b

« MENU (menu) % 4: Window / Zoom »

’

¥

"~ 5 Trace i 1: Graph Trace
* 5:Trace(5) (! 6: Analyse Graph w55 2: Trace All
« 1: Graph Trace @ ] 7: Hints «3: Trace Step...

e axes
5. Use the Touchpad to trace along the curve to see the
balance over time. 9 A/ | Scratchpad < | P9
Note: The values shown have been set to Fix 2, from _I_E_.H A T :
the Display Digits from the Graphs and Geometry f1lx)=ballintx) tvm.n,tvm.itvm.pv tvm.pmt
Settings; this will also apply to the Scratchpad. \\\
NN
\\\
\\
» 1 ( 150 00, 52004 05 | x

10.6 How to calculate the number of days between dates

1. To find the number of days between:

g % | Scratchpad <=
(a) 21 April and 12 October : - : ‘:
dbdl2104,1210 174
(b) 15 December 2008 and 15 January 2009 - -t- . J -
dbd(1512 08,1501 09) 31

open a new Scratchpad and, on a Calculator page,
complete the entry lines as shown. L3

dbd(2104,1210)
dbd(1512.08,1501.09)

Press the enter key after each line. S
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CHAPTER 11

Sequences and series

Recognition of the patterns formed by arithmetic and geometric sequences is important in analysing situations that
occur normally in the real world.

11.1 How to find the nth term of an arithmetic sequence

1. The calculator can be used very efficiently to answer Vs 1: Actions
questions such as those given below by using the bes 2: Number [1: Solve
instructions that follow. ;= 3 « I-—-l 2: Factor
Find the 20th term of the following arithmetic sequence: fe14: Calculus |3 Expand
5,40,75, 110, 145, ... ¥ 5: Probabilty4: Zeros
\ 6: Statistics S: Complete the Square
Begin with a new document and add a Calculator page 2] 7: Matrix &
(see section 2.1), then press: $¢8: Finance |7: Solve System of Equations »
+ MENU (8 9: Functions{8: Polynomial Tools v
3: Aleb 9: Fraction Tools »
s Algebra @ A: Convert Expression 3
* 6: Numerical Solve @ v

Tt e ‘e 0

nSolve(t=a+(n—1)xd,t)|a=5and n=20 and d =35

Press: nSolvelt=a+(n-1) d.¢)la=5 and =20 and d=">
« ENTER (enter). 670.
The numbers 8, 1 and —6 form the first three terms of DSOIVG‘(I‘G"'("- 1) d,n)la-S and /=-258 and &
arithmetic sequence. Which term is equal to —258? 39

Complete the entry line as:
nSolve(t=a+(n-1)xd,n)|a=8and t =-258 and d = -7
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11.2 How to find the sum of an arithmetic sequence

1. If the third term of an arithmetic sequence is 4 and ¥+ 1: Actions m
the 8th ;erhm is 711, wl{l)at is the sum of the first 30 ks 2: Number
terms of the sequence’ \- BiAigel 2: Factor
For an arithmetic sequence, t = a+(n—1)d: fe34: Calculus |3 Expand
(1) a+2d =4 ¥ S: Probability4: Zeros
2) a+7d=-11 T 6: Statistics |5: Complete the Square
28] 7: Matrix & \|6: Numerical Solve
Clear the history on the Calculator page, then press: $¢8: Finance |7: Solve System of Equations »
« MENU @ [#1 9: Functions|8: Potynomial Tools >
9: Fraction Tools »
* 3:Algebra @ A: Convert Expression »
e 1: Solve @ =
e v U8
solve(a+2d =4 and a+7d =-11,{a,d})
solve(a+2 d=4 and a+7 d=-11.{a.d})
Then press the enter key . =10 and g3
3. To calculate the sum of the first 30 terms, press:

* MENU (menu)
¢ 1:Actions @
e 1: Define @

Complete the entry line as:

Define s(n) = %x Qa+m-1)xd)

Then press the enter key . Complete the entry
line as: s(n)|a=10and d =-3 and n =30

Then press the enter key .

solvela+2- d=4 and a+7 d=-11.{a.d})
a=10and d=-3

Define s(n)-‘,l (2 a+(n-1) d) bk
)

s(n)le=10 and d=-3 and n=20 -1005
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11.3 How to find the nth term of a geometric sequence

1. To find the 20th term of the geometric sequence 1.1,

2.2,3.3,44,8.8,17.6, ..., press:

Complete the entry line as:

Define t(n)=axr"'la=1.1and r =2

Then press the enter key .

Define dn)=a »"~ lp. 1.1and r=2 Done

. To find the 20th term, complete the entry line as:
#20)

Then press the enter key .

Define fn)=a "~ ljg=1 1and r=2 Done

#20) 576716 8

11.4 How to generate a list of terms from a difference equation

1. A sequence is defined by the first order difference

equation: t,,, =3t, +4, 1, =3.

Open a new document and add a Lists &
Spreadsheet page (see section 3.1). Label columns A
and B as n and tn respectively. Enter 1 into cell Al
and 3 into cell B1.

Complete cell A2 as: =al+1

Press the up arrow on the Touchpad a to return into
the cell A2. To fill down, press:

* MENU (menu)
e 3: Data@
« 3:Fin(3).

=1 2: Insert > . in A
23 Data B 1: Generate Sequence it
N 4: Statistics pj2: Data Capture b
S: Table »
2 S: Random >
| | |6: List Math »
4 7: List Operations 2
s | [7718: Summary Plot
9: Quick Graph ~
g =141 [Al]
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2. Press the down arrow on the Touchpad W to
highlight all cells to n = 10, and then press the

enter key .

W N N O

3. Complete cell B2 as:
=3xbl+4

To fill down, press:

* MENU (menu)
e 3 Data@
« 3:Fin(3).

Use the Touchpad to highlight all cells to n = 10, and - , 1019685

then press the enter key . " ‘ =

11.5 How to generate a list of terms from a difference equation
using an alternative method

1. The population of a small town increases by 5% = 1: Actions b
each year. If the initial population is 2500, calculate fat: >, Insert > -
the population after 16 years. 5 Data R 5 Gener e 5 l.
Open a new document and add Lists & Spreadsheet \ 4: Statistics p§2: Data Capture
page (see section 3.1). Label column A as term. 5: Table »
Move the cursor to the grey header cell of column A. ' 14: Clear Data
Press: . \—{5: Random »
* MENU (menu) +| | |6: List Math »
. 3:Data @ 4 | | 7: List Operations b
¢ 1: Generate Sequence @ v
n- AT
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2. Complete the fields as shown, and then select OK.

Note: u(n) is used in place of #, and the initial
term is n.

1

& Formula uin)= [u(n-hH .li

= I Initial Terms: | o =1

2| | nMax: |16

) | l nStep: [1

4| | Celling Value: |

[~ 1 o |

- ‘ ,OKE Cancel M
1 = B |

-

3. Label column B as termvalue. Move the cursor to
the grey header cell of column B. Press:

* MENU (menu)
e 3: Data@

* 1: Generate Sequence @

Complete the table as shown, and then select OK.

[
A ~

® " Fomuta umn)- [1 05*un-1) n
= 7 Initial Terms: 2500 =
&l | AL
3 | nMax: [16
4 l nStep: [1
< | | Ceiling Value'[

| Z‘)—K! Cancel v
5 — pd I

4. Scroll down to find the population after 16 years.

® 4 term  Brermv., © D 's
= =seqgen(i=seqgen(’

‘4: 13.: 4714.12:

15 14, 4949.83

"" 1S.} S197.32

17

18| 5
i =5197 220448528: [4]»]
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11.6 How to find the sum of a geometric sequence

1. The sum of a geometric sequence can be found by E
using the formula. It can also be found by finding the
sum of column of values on a Lists & Spreadsheet
page. Using the previous example, to find the sum of
column B, termvalue, add a new Calculator page and
complete the entry line as:

sum(termvahle) 59142 7

sum(termvalue)

Then press the enter key .
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CHAPTER 12

Probability

Probability is an area of mathematics that has numerous practical applications. This chapter deals with a number of its
key concepts.

121 How to perform calculations using factorials, permutations
and combinations

1. Open a new document and add a Calculator page V. 1: Actions >
(see section 2.1). Complete the steps outlined to Lis 2: Norber N
calculate the following factorials. \= 3: Algebra >
(a) 5! fr4: Calculus
(b) 30! @ 5: Probability
\ 6: Statistics 2: Permutations
Type 5 onto the calculator screen, then press: [gg] 7: Matrix & Vector 3 Combinations

4: Random »

« MENU $¢8: Finance

* 5: Probability (5)

¢ 1: Factorial @

2. For part (b), this time we will get the factorial
command from the symbol palette. To get this,
press:

. ctrl@ 30
* catalog @

rlef ] =
Use the Touchpad to scroll to find the symbol ! -
highlighted on the screen opposite. & 5 ey s
-
Press the enter key twice. M EAR I PAK:
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3. 30!=265252859812191058636308480000000

265252859812191058626308480000000

4. Alternatively, the Exponential Format can be
set to Scientific and the Calculation Mode set to

Approximate in the Document Settings. % Display Digits: =
poge (oo 1]

' Exponential Format: | Scientific J
Real or Complex IReal j
Calculation Mode: lApploxlmate :l

;
3

Vector Format: | Rectanaular | N

17! |Restore| | Make Default) ox§ Cancel

301=2.65253E32, which means 2.65253 x 10, ‘ ;
Answers may be given in this form when the numbers 5! 120
are particularly large. 201
265252859812191058636308480000000
20! 2.65252e32
|
6. To do calculations using permutations (nPr) and Vs 1: Actions >
combinations (nCr), complete the instructions below. i ,'S 2 Nrmber >
For example, calculate: \= 3: Algebra »
@ °C ft24: Calculus »
0 ’ ¥ 5: Probability 1: Factorial (1)
(b) TP, % 6: Statistics 2: Permutations
Press: [28]7: Matrix & Vector 3: Combinations
$¢8 Fi
€8: Finance
MENU (men) (f3]9: Functions & Programs |5: Distributions  »
* 5: Probability (5)
¢ 3: Combinations @
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Cr(6,3
nere.d) sl 120

Press the enter key .

301
Note that the Exponential Format has been changed e : Gas
back to Normal and the Calculation Mode set to 265252859812191058636308480000000
Auto in the Document Settings. 301 > 6525332

o

nCri6,2) 20

8. For part (b), this time locate nPr( in the catalog.

Press:
* catalog :
normcdf( o
- I @ normPdf( ¥
- Fra—"
Using the Touchpad, locate nPr(, then press the npv(
enter key . nSolve( v
A || aWizards On
NPHEXpI. Expr2) %

9. Complete the entry line as:

nPr(10,2)

You can also use the Touchpad to scroll back and

highlight the previous operation. Copy it into your
entry line so you can edit the previous entry and do
another calculation quickly. We also observe that 201
there are many ways to achieve these results.

265252859812191058626208430000000

2 65253632
nCrl6,2) 20

nPr(10,2) 90

<

12.2 How to graph the binomial probability distribution and
how to calculate binomial probabilities

Lauren’s netball team has a known probability of winning 4 out of every 5 games they play. They play 12 games
in a season. Construct the probability distribution for the number of games won in the season, graph the
distribution and then find:

(a) the probability that they won all 12 games
(b) the probability that they won no more than 4 games

(c) the probability that they won more than 6 games.
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. Open a new document and add a Lists &

Spreadsheet page (see section 3.1). We can use this
to find the probabilities in the above problem and
to draw a scatter plot of the distribution. To do this,
place the cursor in the cell at the top of the column
next to A. Label this column as xvalues. Press the

enter key . Place the cursor in the cell at the
top of the column next to B. Label this column as

probx. Press the enter key .

@ * xvalues ® probx C 'i

. We will save this document by pressing:

« ctrl @)
+ S[s]

In the dialog box for File Name, type ‘Binomial’;
then press:

o tab
* ENTER (enter).

i ,‘0‘

| Save In: [ My Documents

Name Type Size
| /@ Dictionary Folder =
' |'# Downloads Folder v
| Examples Folder
|9 Images Folder ~

File Name: | Binomial ]

=

lJSave' Cancel

: =]

. Move the cursor to the header (grey) cell located

under column A. To enter a sequence of numbers
from O to 12 (12 games played) into column A,
complete the entry line as:

=seq(x,x,0,12)

Press the enter key .

Note: ‘seq’ can be typed using the letter keys, or it
can be found in the catalog.

0 TN T

@ * xvalues B probx D 'i

= E(\:,\', 1,12)

4

[

4 | xvalues =seq (\',.\', 1, 12)

. Move the cursor to the header (grey) cell located

under column B. To calculate the probability for
each x-value, complete the entry line as:

= binompdf (12,4/5,xvalues)
Press the enter key .
Notes

1. ‘binompdf’ can be typed using the letter keys, or
it can be found in the catalog.

2. 12 refers to n, the number of games played, and
p =4 is the probability of winning one game.

@ * xvalues ® probx C 'i
= =seq(X.Xk xvalues)

1
- 2
‘ 4
[ - s =
5| probx -binompdf(l?.,-i/i,xvaluesx I 4| » |
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5. Use the Touchpad to scroll down to see the value

in each cell more clearly. Notice that the document
now has the file name *Binomial. The asterisk in
front of the file name appears because we have made
changes to the document and not yet resaved. To
resave this file after making any changes, press:

. ctrl@
« S[s]

*‘Binomial <

® * xvalues B probx '
= =seq(x,x,]=binompd

111966080...
2 ‘4325376“‘
3|2883584...
-‘1‘2595235...
5/3321888...

el P4

=1 966080000000 1€-7 [ 4 » |

. To draw a scatterplot of the probability distribution,
we will add a Data and Statistics page to the
document. Press:

* HOME (g on).

Using the Touchpad or Tab, select the Data &
Statistics icon and then press:

* ENTER (enter).

Cocelen

Add Data & Statistics to. Einomial

7. Press the tab key to move to the horizontal axis
and select xvalues, and then press the click key

or the enter key .

E *Binomial =

Caption: probx

8. Press the tab key to move to the vertical axis
and select probx, and then press the click key [21] or

the enter key .

*‘Binomial <=
robx
90900 ©0 00 0 99
| [t re e N (S i) Ol B (A (e Bt it (e
0 1223 45 6:7 8 9 10112 1
xvalues
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9. This gives the graph of the binomial distribution.
You can colour the points. To do this, press:

e ctrl @
* MENU (menu) l
2 0.164
¢ 3: Color @ g 1 (o)
and choose a colour, then resave the document again 0.08 - o
by pressing: 1 ®
. ctrl@ 000 00000 °
0 2 4 6 & 1 2
« SISl 2
s xvalues
10. For part (a), to find Pr(X = 12), you can move the v
pointer R to the point x = 12 on the graph. The y
pointer R will change into an open hand <3 and the ] ®
probability will be displayed. 0.24 4 )
Pr(X = 12) = 0.06871948 ¢ ] -
2 0.16 4
& ] @
0.08 (12.,0 0687
< - &

000 0o 00 0@0®®
0 2 4 6 8 10 12
xvalues

11. Alternatively, you can return to the spreadsheet on
page 1 by pressing:

o ctrl @

o left arrow 4.

*Binomial =

® " xvalues ¥ probx © D '.
= =seq(x.x, =binompd

9./0.236223
10.|0.283468
1 11./0.206158
12.10.068719

Use the Touchpad to scroll to the last entry as shown.

13| =0 068719476726002 [4]»]
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12.

We can also calculate probabilities on the Calculator
page. To insert a Calculator page, press:

e ctrl @
e I m
¢ 1: Add Calculator @

Now, using an alternative method for finding
Pr(X = 12), press:

* MENU (menu)
* 5: Probability @
* 5: Distributions @

¢ D: Binomial Pdf @

Vx 1: Actions
b5 2 -
= 3:[5:tCdf...
f634:|6: Inversert...
@ 5:|7: X’ Pdf...

T 6: 8 x* Cdf...
(9] 7:19: Inverse ...
Seg: |AF Pdf...
2o B:F Cdf...

CilnverseF...
D: Binomial Pdf
v

v v vw

1: Factorial (1)

2: Permutations

3: Combinations
4: Random »
5: Distributions  »

13.

Enter the values as required, using the tab key
to move between fields. Then select OK and press

the enter key .

Num Tnals. n: [12

| Prob Success, p: [4/5

X Value: |12

;OKI Cancel|

14.

Note that we can also locate the binomPdf( in the
catalog by pressing:

. catalog
- B(B]

Then use the Touchpad to navigate to the
appropriate command.

Pr(X = 12) = 0.06871948

1.2

4
binom Pdf(l 2, ; 12)

0.0687194767
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15.

For part (b) we need to find the cumulative
probability for an interval, and it is necessary to use
binomCdf.

To calculate Pr(X <4), press:

« MENU @
* 5: Probability (5)
5: Distributions @

« E: Binomial Cdf [EJ.

u\ 1: Actions

bs2: =

= 3:|7: X" Pdf...
fe34:18: x* Cdf...

@ 5% Inverse x...

v 6:|A:F Pdf...
[25)7:|B:F Cdf...
$¢8:|Cilnverse F...

.|D: Binomial Pdf...
E: Binomial Cdf. ..

0687194767

h 2 5 4 <

F: Geometric Pdf. ..

1: Factorial (1)

2: Permutations

3: Combinations
4: Random »
5: Distributions  »

16.

Enter the values as required, using the tab key
to move between fields. Then select OK and press

the enter key .

Num Trials. n: |12

Prob Success, p: [4/‘5

Lower Bound: [0

Upper Bound: [ 4

s v

oK | Cancel|

17. Pr(X <4)=0.00058124

4
binoder( 2, 12)

5

4
binomCdf{12,—,0,4

5

0.0687194767

0 0005812429

18. For part (¢), Pr(X >6)=Pr(X >7).

Repeat the steps above. The lower bound will be 7
and the upper bound will be 12.

Note that Pr(X > 6) =Pr(X >7)=1-Pr(X £6), as an
alternative method for calculating part (c).

T _m

binomCd

,2_\
wlocs
\—/

0 0005812429

09805947208

0 9805947208

<
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Lauren changes netball teams, and the probability of her team winning a game is now only 0.45. What is the lowest
number of games that must be played to ensure that the probability of winning at least twice is more than 0.95?

19. If Pr(X 22)>0.95, then Pr(X <2)<0.05.
= "C,0.45°(0.55" + " C,0.45'(0.55)" ' = 0.05

To solve for n, since n is discrete, and n > 0, press:

« MENU
e 3:Algebra @
e 1: Solve @

Complete on one line as:

[nCr (n,0).(0.55)"
solve

. |[n>0
+nCr(n,1).0,45.(0.55)"" = 0.05,n

The answer will need to be rounded to n =9.

I 114112 m *Binomial 7

) 0 9805947208

4
binomCdl‘(l.?.,—, 7,12

1-binom'3dl‘(12,

G TS

6) 0 9805947208

A solvc-(nCr(n,O) (0 58)"+nCrln,1) 0 45 (¢
n=8.47546991

12.3 How to calculate median, quantiles and the IQR

The probability density function of a random variable X is given by:

k(x+2)*,-2<x<0
Sf(x)=

0, elsewhere
(a) Find the value of k.
(b) Calculate the median.
(c) Calculate the 0.25 quantile.

(d) Calculate the 0.75 quantile.

(e) Use the answers to parts (c) and (d) to find the IQR.

1. Begin with a new document, add a Calculator page,
and set the Document Settings in the Calculation
Mode to Exact. The calculator can be used very
efficiently to answer questions such as the one given
above by using the instructions that follow.

_‘ Document Settings

Exponential Format: [No:mal

Real or Complex IF‘eal j
Calculation Mode: [Exact I

Vector Format: I Rectanaular 1 N

?| |Restore| |Make Default] OK| |Cancel
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2. For part (a), to find the value of k, press:

* MENU (menu)
¢ 3:Algebra @
¢ 1: Solve @

Complete the entry line as shown:

0
solve(j_zk x(x+ 2)3 dx = l,k)

Press the enter key .

Note: The multiplication sign must be entered
between k and the bracket.

solve (k- (r+2)3)dx-1,k 4
-2

-

. For part (b), define the function with its newly
found £ value. To do this, press:

* MENU (menu)
¢ 1:Actions @
¢ 1: Define @

Complete the entry line as:

Define £1(x) = i(x +2)3

Press the enter key .

0 1

k——

solve (k» (r+2)3)dx-1,k 4
-9

1
Defineﬂ(\')-— (\‘+ .‘:)3
B

. Now to find the median for part (b), complete the
entry line as:

solve(j_";fl(x)dx = %m) |-2<m<0

Press the enter key . The exact correct answer
3
ism=2%-2as2<m<0.

1 D
Define 77(x)=— (\-+_:)3 one
m 1 3
solve| | 71(x) dx=—m|-2<m<0 %
2 2 m-2 _.2

<

. Similarly, to answer part (c), complete the entry
line as:

so1ve([’21f1(x)dx = %,ql) [-2<ql<0

Press the enter key . The exact correct answer
is then stored as gl = J2-2.

F1(x) dx=
-2

=, m||-2<m<0
2

q7 1
solve f](\') dx=—g17||-2<g7<0
-9 +

g1={2 -2
gl ={2-2 J2-2

<
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6. Similarly, to answer part (d), complete the entry
line as:

solve(_[(ﬁfl(x)dx =3 . 53)12<q3<0
) 4’
Press the enter key . The exact correct answer

1
is then stored as g3 =342 —2.

7. To find the exact IQR for part (e), complete the entry
line as:

q3—ql

Press the enter key .

12.4 How to calculate normal distribution probabilities

If X is normally distributed with mean (u¢) = 50 and standard deviation (o) = 8, find:

(a) Pr(X>55)
(b) Pr(40< X< 65).

1. Open a new document and add a Calculator page
(see section 2.1). For part (a), to find Pr(X > 55),
press:

* MENU (menu)
e 5: Probability@
e 5: Distributions@

¢ 2: Normal Cdf @

'y 1: Actions

bs2:|1: Normal Pdf ...

h\; el 2: Normal Cdf ...

{3 4: [3: Inverse Normal...
w54 tPdf...

v 69 tCdf...

(58] 7:[6: Inverse t...
Seg:|7: X} Pdf...
[filo: [8: X" Cdf...

9: Inverse x*...
A:F Pdf...

v

: Factorial (1)

: Permutations

: Combinations
4: Random »
5: Distributions  »

2
4
»
4
1
2
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2. Enter the values as shown. The e« symbol can be 11
found in the symbol template, by pressing the ctrl
key @ and , or from the palette, by pressing @ |

Then select OK and press the enter key . Lower Bound [ SS _l
Upper Eound { o j

D [

o |8 [

ok |l| cancel|

3. For part (b), repeat the above process or simply edit
the first expression to find Pr(40 < X < 65).

normCdf(55,%,50,8) 0 265985
normCdf{40,65,50,8) 0 863954
|
4. Alternatively, we can repeat part (b) and shade the 1.
corresponding area. Open a Lists and Spreadsheet 1: Normal Pdf. .. " -
page, then press: armal Cd [ AD i’.
« MENU 3: Inverse Normal... [Stat Calculations
* 4: Statistics @ 4 ik Distributions >
o S:t Cdf... Confidence Intervals »
e 2: Distributions @ 6: Inverset... Stat Tests »
+ 2:Normal Cdf (2). 7: X Pdf...
8: x* Cdf...
9: Inverse x*... t t t
A F Pdf... v
- [0

5. Complete as shown, making sure that you check the
Shade Area box, then select OK and press the enter

key .

Lower Bound: I 40

s
™1 Upper Bound: | 65 |+ !
2 i [so 1
3 o |8 o
4 Draw. |v] Shade area

!. 3 | |
| OK l‘iCancel; =
[—.: - )
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6. The graph of the normal distribution is shown with
parameters for the mean and standard deviation,
along with the shaded area. e B

i

3

4

[

ol " 304560 7°

I:I mnonncdf(-i"[ 4 » X

7. We can ungroup these pages and show the graph of
the normal distribution on its own page. To do this,
press:

1: File

¢ doc - L
| 2: Edit 1: Custom Split

) 1 /i

 5:Page Layout @ J 0.8639ﬂ 3: View 5. select Layout >
» 8: Ungroup @ : 4: Insert |3. gelect App (Ctri+K)
9iPagel . swap Applications

3
, 6: Refres|S: Delete Application
| 7: Setting6; Delete Page
s 8: Login.. ,
IA | =normel® 9: Press 8: Ungroup (Ctri+6)
8. Also we can grab the upper or lower limit and watch I 11712

as the probabilities change. We can also change the —
line colour of the graph and the fill colour of the 1 normPdf{x, 50, 8)
shaded area. 0.045 .

Area: 86395

25 30 35 40 45 50 55 60 65 70 75
X
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12.5 How to calculate inverse normal distribution probabilities

. To answer questions such as the one below, use the

steps that follow.

If Pr(X > k)=0.75and X ~ N(60,36), find the value
of k. Go back to the Calculator page and press:

* MENU (menu)
* 5: Probability (5)
e 5: Distributions@

¢ 3: Inverse Normal @

Y1
bs2:
\= 3
fe4:
Ps
N 6
[33]7:
Sg8:

2o

ctions 2
1: Normal Pdf. .. >
2: Normal Cdf ... N 0 265985
2 Inverse Normal 4 NS
4: t Pdf... 1: Factorial (1)
S:t Cdf... 2: Permutations
6: Inverset... 3: Combinations
7: % Pdf... 4: Random »
8: x* Cdf... 5: Distributions  »
9: Inverse x*...
A:F Pdf...

. Enter the values shown. Then select OK and press

the enter key .

Note: The value 0.25 is entered because the area
to the left of the value is required. Also note that
the variance is 36 and the standard deviation

is therefore 6.

I11

12
r—

normC

normCdf Area (O 25 j 3954

]

5

=

%Canceli

3.

The answer appears on the screen.

I11

12

Vs

nomCadf(ss,«,50,8)
normCdf(40,65,50,8)
invNorm(0 25,60,6)

0 265985

0863954

55 9521
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12.6 How to generate random numbers

1. To answer questions such as the one below, use the

steps that follow.

(a) Generate 10 random whole numbers between
1 and 6.

(b) Generate 5 random whole numbers between
1 and 100.

Clear the history screen, then press:

« MENU

* 5: Probability @

¢ 4: Random @

'y 1: Actions
b5 2: Number
\= 3: Algebra
{t94: Calculus
¥ S: Probability
{ 6: Statistic

$¢8: Finance

9] 7: Matrix & [1: Number

[§3l 9: Function3: Binomial
4: Normal

5: Sample
6: Seed

v v v w

1: Factorial ()
2: Permutations

3: Combinations
4: Random
S: Distributions

»
b

. Complete the entry lines as:

randInt(1,6,10)
randInt(1,100,5)

Press the enter key after each line.

Note: Since the numbers are random, we get
different results if we redo the above commands.

un 12
Vs

randlnt(l,é, 10)
randlnt(l, 100,5)

{6.6,1,4351,36.2

{80,96,23,37,1}

12.7 How to generate distributions of sample proportions

Assume 60% of Australians have brown eyes. Use your calculator to illustrate a possible distribution of sample

proportions, p, that may be obtained when 250 samples, each of size 150, are selected from the population.

1.

Open a new Lists & Spreadsheet page. Type the
name ‘propbrown’ at the top of Column A.
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2. Place the cursor in the formula cell and type =.

Then press:

MENU (menu)

3: Data @

5: Random @
3: Binomial @

'3 > . r Al
223 Data » il
N 4: Statistics » q =
S: Table »
f 1: Number |§5: Random »
* |2: Integer  §6: List Math »
4 7: List Operations v
= |4: Normal !
5: Sample &
all | B

3. Complete the entry line as:
=randBin((150,0.60,250)/150)

Press ENTER (enter).

@ * propbr.. B C D IS

=} 250)150]|

4

[

4| ‘opbrown -randBin(lS0,0 60,.':50)[15(“ 4| » |

4. The cells will automatically fill.

@ * propbr.. B C D IS
= =randbin(’

" [Lemnso]

2| 38075

3. 2[3

4] 330 !
71

AL Ll_( I—‘ "_"
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5. To display the distribution of the sample proportions,
open a new Data & Statistics page.

!

.
.

o
046 0.50 054 058 062 066 0.70

propbrown
6. To change the graph into a histogram, press: imw 2:1 Dot Plot
+ MENU % 2: Plot Proper] @ 2: Box Plo
k 3: Actions 3. Histogram
e 1:Plot T g
ot Type (1) 44 4: Analyze | 4: Normal Probability Plot
* 3: Histogram (3). Loy S: Window/Zol+* & <. ster Pl
1l 6: Settings... |/
= T
F oo
P

""_"—‘—!_'_"ﬁ—'—j_f'—"_'—“—"—
046 050 054 058 062 066 0.70
propbrown

7. The histogram will be automatically generated.

L

Frequency

-
N
—ls

04
0.46 0.50 0.54 0.58 062 066 0.70
propbrown
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8. To fit a normal curve to the distribution, press: = 1: Plot Type m
* MENU (menu) % 2: Plot Propert| X
3: Actions : i

e 4: Analyze @ :;4 i (2. Add Mqvable Line
* 9: Show Normal PDF @ L& 5: Window/Zod)\ / 4: Plot Function

i1l 6: Settings... |A

L s vaj

1 »
0. _'___J £ 8: Plot Value
0.46 0.50

9.

The normal curve will be automatically generated, E 12 -
showing the mean and standard deviation for the J :
distribution. - s normPdf{x,0 592492,0 0410758)
oy
& 30+
=]
o
2
5
0
0.46 0.50 0.54 0.58 062 0.66 0.70
propbrown

12.8 How to generate sample means for n random samples

Generate sample means for 8 random samples of size 20 from a normal population with a mean of 70 and
a standard deviation of 10.

. Open a new Lists & Spreadsheet page. Type the

name ‘samples’ at the top of Column A.

@ " samples? : D "i
:

3

R

-

A [4]»]
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. Place the cursor in cell Al and type =mean(.

Press:

* MENU (menu)
e 3 Data@

5 1: Actions  »

1223 Data » A

N 4: Statistics » )
S: Table i3 Fill

1: Number |§5: Random 4
2: Integer 6: List Math 5
4 |3: Binomial §7: List Operations b

. Complete the entry line as:

=mean(randNorm(70,10,20)

Press ENTER (enter).

11

@~ samples? ( D f

. >

1 0,10,20))

3
4

[~

Al -mean(randNonn(?O, 10,20) |4 bl

4. Fill down to obtain the sample means for 8 samples.

11

&® * samples ® C D

LB

BACYE
°| esess
7
| 74.1456
o | 703148
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12.9 How to conduct a hypothesis test

Bi More supermarkets’ sales records show that the average monthly expenditure per person on a certain product
was $11 with a standard deviation of $1.80.

The company recently ran a promotion campaign and would like to know if sales have changed. They sampled
30 families and found their average expenditure to be $11.50. Determine the p-value for this test.

1. Open a new Calculator page. Press:

* MENU (menu)
¢ 6: Statistics @

e 7: Stat Tests
@ Data Input Method
e 1:zTest @

Ensure that Data Input Method is set to Stats.

\ok| |cancel|

2. Complete the values as shown. 11 .
Then press Enter . ‘

|

|

| |OK| |Cancel|

Alternate Hyp: | Ha: p # po

3. The p-value (PVal) is 0.128147.

zTest 11,1 8,11 5 30,0: stat resuits
"Title" "z Test"
"Alternate Hyp" "p = p0"
ez 152145
"pPVal" 0 128147
R 115
"n" 30
"o" 18
|

156 Maths Quest Manual for the TI-Nspire CAS calculator



CHAPTER 13

Statistics

Statistics form an important part of our understanding of the world. This chapter deals with the display and
interpretation of univariate and bivariate data.

13.1 How to calculate measures of centre and spread for
univariate data

1. Begin with a new document. Unless you wish to = 1:Add Calculator
save your previous work, press: i 2 Add Graphs
« HOME @ . :Add Geometi —

Add Lists & S

e 1: New Doc @ :Add Data & S
6:Add Notes
Select No. | 47:Add Vernier DataQuest™

Press menu
Press:

« ENTER

* 4: Add Lists & Spreadsheet @

2. To calculate measures of centre and spread, _
complete the instructions below. —

P B ! D =
In column A, enter the following list of the ages of . 3
children attending a birthday party. = |
2,3,4,4,1,2,6,7,8,4,6,8,9, 1,3 i 8
L
To do this, place the cursor in cell Al; then enter "_. 9‘:
each data value followed by the enter key . 14 1
{
b 3
L k
- [« »]
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3. Press:

e ctrl
1D
This will place the cursor back into cell Al.

To label column A and give it a variable name,
use the Touchpad to scroll to the top of the column
to the cell next to A, and type ‘age’.

Press the enter key .

N

=& bW

age |4 >|

. Since we will be using this data set throughout this
chapter, save the document, give it the name Party.
Press:

e ctrl

* save (=g).

Type the document name ‘Party’ in the File Name
dialog box. Press the tab key to select Save and

then press the enter key .

To resave the document at any time, press:

. ctrl
+ S[s]

e e

.
| Save In: [ My Documents

Name Type Size
| @ Dictionary Folder ®
! @ Downloads Folder w
| o Examples Folder
|9 Images Folder =

' File Name: Party ]

1 = =
l Save;l Cancel!
1 S

¥
S—

. This data set of the ages of 15 children is an example
of univariate data (one-variable statistics). You will
probably need to know the summary statistics for
this data. To determine statistical calculations for
this data, press:

* MENU (menu)
e 4: Statistics@

e 1: Stat Calculations @
¢ 1: One-Variable Statistics @

A

: One~Variable Statistics

1

2: Two-Variable Statistics... A
3: Linear Regression (mx+b)... lations

4: Linear Regression (a+bx)... hs »
5: Median-Median Line. .. L Intervals »
6: Quadratic Regression... »

7: Cubic Regression...
8: Quartic Regression...
9: Power Regression...
A: Exponential Regression... v

. This will return you to the screen shown.

As we are dealing with only one list of data, the
Num of Lists should be 1.

Press the tab key to select OK, then press the

enter key .

Num of Lists: D

3 HOKE Cancel|

Fage [4 bl
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7. The screen opposite appears. Paia.

One-Variable Statistics

This allows you to select the list for which you ; I
require information. In this case, that list is X1 List | age j s
labelled ‘age’. =
== Frequency List | 1| [ N
When the cursor is in a field, pressing the click -
— . Categoty List: | j
key will allow you to see the options. . \
Include Categones [ j
Use the Touchpad arrow keys to select the
required list. 4 | 1st Resuit Column ‘Vbl] |
Press the enter key . . ok |cancel| | -
Note: It is possible to select a[] to represent Ak — ™ ’T.—l
column A. '

Use the tab key to move through the fields.
Select OK and press the enter key .

8. The statistical data will be placed in columns B
and C. Use the Touchpad to scroll down to view all
of the statistical data. For example, the mean age
of children attending the birthday party, X, is 4.53. al =OneVar(
To undo the list of statistical calculations when you

have finished with them, press: 2|Title One-Va

. ctrl@ 3% 4.53333

. esc. 4|2 68.

Note: The Calculation Mode in the Document 42x 406

Settings is in Approximate. 1!8X := Sn 264215 =

13.2 How to draw boxplots

1. We will continue to use the data set from
section 13.1 to draw a boxplot.

The ages of children attending a birthday party are
2,3,4,4,1,2,6,7,8,4,6,8,9, 1, 3.

To insert a Data & Statistics page, into the
document, press HOME , select the Data &
Statistics icon and press the enter key .

Doceden

\dd Data & Statistics ©
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2. The adjacent screen appears. Use the tab key to l 1
move to the horizontal axis. Select the variable age. Caption age
3. The graph will appear as shown; it is a scatterplot.
Follow the instructions below to draw the boxplot.
IRARTE T
T L J L ) l 1 L\ )
Tt 203 S 7 8 9
age
4. To draw a boxplot, press:

« MENU
¢ 1: Plot Type @
e 2: Box Plot @

= 1: Plot Type
& 2. Plot Proper]
K 3: Actions
{5 4: Analyze
[ 5: Window/Zo|

i1 6: Settings...

b, 3¢ Histogram

2 4: Normal Probability Plot

:
2

-4e0

wiee
@
16

46

5.

The boxplot appears. You can use the pointer R to
move around to display relevant information on the
boxplot, such as the median.

Note: The default settings for boxplots are the
modified boxplot, which will automatically display
any outliers.

If you wish to remove the outliers and draw a
standard boxplot, press:

. ctrl@
« MENU (menu)

* 4: Extend Box Plot Whiskers @

B
o U+
(o

~J -
0
O
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6. To compare two boxplots, return to the Lists & W
Spreadsheet page by pressing:

& B C D =
e ctrl @ I 2g¢ | agez } } A
* left arrow 4. -

" 6 8
Move to the Lists & Spreadsheet page, name = ¢ '
column B as age2 and enter the following data for te | 8 6
the ages of children at a second birthday party. 13 9
6,3,4,7,6,5,4,4,4,8,8,6 14| ]

1S 3 =

« (D]
7. To draw the second boxplot on the same Data & E 1:Plot T
Statistics page, first return to the Data and Statistics L 2: Plot P
page. To do this, press: ; e & 3: Extend Box Plot Whiskers
. T
* ctrl ¥4 4: Analyd —
@ lt_ 5 Wi g ®15: Add X Variable
* right arrow p. & 3 Win " ,
Now press: f1L 6: Settin 2 7: Remove X Variable
i® 8: Add Y Variable
* MENU
@ M8 9: Add Y Summary List
e 2: Plot Properties @ | .
* 5:Add X Variable (5). 1 2|+ B:Force Categorical X
v

8. Select age2 and the boxplots will appear.
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13.3 How to draw histograms

. We will continue to use the same data set from

section 13.1 to draw a histogram. To insert another
Data & Statistics page into this document, press:

i ctrl@
. I[I]

e 5:Add Data & Statistics @

1:Add Calculator

2:Add Graphs

N3:Add Geometry

" |4:Add Lists & Spreadsheet
5:Add Data & Statistics
6:Add Notes

_47:Add Vernier DataQuest™

Press menu

. The adjacent screen appears. Use the tab key to

move to the horizontal axis. Select the variable age. Caption: age
@'
o ©
e®
@
@ ‘ Q'
O
. To draw a histogram, press: = 1: Plot Type |-.: r Dl
* MENU % 2: Plot Proper] @ 2: Box Plot
k 3:Actions |l
e 1:PlotT :
ot Type (1) % 4: Analyze |2 4: Normal Probability Plot
¢ 3: Histogram @ (& 5: Window/Zo)i ..+ ¢ '
i1l 6: Settings... |~/
L] l L L Ll ) L J
. 20 3 s—6 7 8 9
age
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4. The histogram is displayed as shown on the
screen. If you move the pointer R to any of the
columns, the values of the boundaries of the
columns and the number of data values within that

[4 000, 5 000) 3 points

column will be displayed. S

S 24
For example, the column highlighted in the screen g
opposite shows that there were 3 children between g

L

the ages of 3.5 and 4.5 at the party.

t 2 3: &, 5 16 7 '8 91011
age

5. Itis possible to split categorical data. A small set
of data is used here; normally, a larger set would

be used. @ * gender lB height _': weight .D “'i
Open a new document and add a new Lists & =
Spreadsheet page. Enter the data and name the 7
columns as shown. Adjust the fill colour of the .
columns. o
Gender Height (cm) Weight (kg) :'
Male 171 73 ; !
Male 165 66 1 Z
Female 156 72 7 4|/
Male 158 82
Female 159 64
Female 173 61
Female 179 84
Male 167 102
Male 160 71
Female 151 48
6. Add a Data & Statistics page to the document. E
A graph will appear as shown.

Caption. gender
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7. To select the variables, press the tab key

and then the enter key to select, as shown.
To draw a histogram or a boxplot, press:

« MENU
e 1: Plot Type @
Then select the graph type.

The data set used here is so small that the graphs
look distorted. However, they are sufficient to show
the functionality of these features. Create new
boxplots of weight versus gender and height versus
gender on new separate Data & Statistics pages.

gender
-0

150 154 158 162 166 170 174 178 18
height

8. Press: 1: Expand All
e ctrl @ 2: Collapse All
e up arrow a UL 2
to see the page sorter view, then press:
* MENU 6: Insert Problem ] -
« 3: Group @ 7: Insert Page (Ctrl+l)
8: Settings & Status p
IRt
9. Boxplots comparing gender, for males and females, 10120113
for both heights and weights are shown on the one Sl
page. Save the document. o o
© ©
e . &2
i) ]
o =
c c
7] )
> =}
@ @ i
W - © R C—_
E PR W) E A ‘
T"Tr"mr"“ Ty ryYrYTyrYrrrory
156 166 176 S 75 95
height weight
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13.4 How to draw scatterplots using bivariate data

The following beep-test data was obtained from a Year 11 Physical Education student. The table below shows the

heart rate recorded each minute.

Time 0 1 2 3 4 5

10

11 12

Heart rate 78 137 | 150 | 157 | 170 | 179

194

197

203

207 | 208

1. Open a new document and add a new Lists &
Spreadsheet page. Enter the data and name the
columns as shown. Colour the columns and save the
document, giving it the file name Physical.

® " time  ® heartrate © e i
10

- .

12

13

14 =
" 10 I 4 ) I

2. To draw a scatterplot of the data, press:

« HOME

and add a Data & Statistics page to the document.
Use the tab key to move to each axis. Press the

click key or the enter key to place time on

the horizontal axis and heartrate on the vertical axis.

-l-.

w-0

3. The graph will appear.

If you move the pointer over any point, the
coordinates for that point will be displayed. If you
grab one of the points and move it, the values in the
Lists & Spreadsheet would also change. Since we do
not want to accidentally change these values, this is
a good example of locking the data. See section 7.6.

] 00®®
#0 ®«6818'-§)
170 ..
j 1)
1204 | ¢®
110
80 )
"0 2 4 6 8 10 12
time
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4. Now add a Calculator page to this document.

To do this, press:

« MENU
¢ 1:Actions @
¢ 8:Lock

¢ 1: Lock Variable @

.\ 1: Actions

£52: Number

\= 3: Algebra

{ea4: Calculus

W 5: Probability

\ 6: Statistics

[35] 7: Matrix & Vector
Se 8k

(4 9

2: Unlock Variable
3: Get Lock Info

1: Define
2: Recall Definition

3: Delete Variable
4: Clear a-z...
S: Clear History

6: Insert Comment

7: Library »
8: Lock »
e

5. Complete as shown. If we now return to the
Data & Statistics page of the document, we find that
we cannot change or move the data points.

Lock aime

Lock hearmrate

Done

Done

13.5 How to construct lines of best fit and regression lines

1. To construct a line of best fit by eye on the
scatterplot in section 13.4, press:

« MENU (meny)
e 4: Analyze@

e 2:Add Movable Line @

£ 1: Plot Type [ 451ca

% 2: Plot Propert| X

LR U CIPA - A dd Movable Line

i 4: Analyze

i 5: Window/Zod\ / 4: Plot Function

i1l 6: Settings... |A

= 110 4 6: Regression
o ] 1
1 ® |8 Plotvalue
o 14

/T, A: Graph Trace
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2. Aline and its equation appear automatically on the
graph as shown.

"0 2 4 6 8 10 12

3. Manually repositioning the line is done in two
steps by moving the position of the y-intercept and
altering the gradient. To change the y-intercept,
move the pointer R until it rests somewhere around
the middle of the line and the symbol changes to +}-.
Press the click key , then use the Touchpad to
move the line parallel to itself, until the y-intercept is
in an appropriate position.

4. To change the gradient, move the pointer R until it
rests somewhere near the line ends of the line and
the symbol changes to €J. Press the click key ,
then use the Touchpad to rotate the line and change
the gradient.

Continue to use these tools until you are satisfied
with the line of best fit by eye.

"2 4 6 8 10 12

5. To find the least squares regression line, press:

* MENU @ S ove Movable Line
: Show Linear (a+bx) :
. 4. Movable Line
4: Analyze (4) : Show Median-Median
) g Intercept at Zero
e 6: Regression @ 4: Show Quadratic Function
¢ 1: Show Linear (mx+b) @ 2: z:ow gUb';i
: Show Quartic
7: Show Power bm
8: Show Exponential duals »
9: Show Logarithmic Value
A: Show Sinusoidal
v bh Trace
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6. The thicker line is the least squares regression line.
The corresponding equation is shown. The movable

line is thinner. The gradient and the y-intercept of
the two lines are very similar.

®
0 2 4 6 8 10 12
time
7. To draw a residual plot, press: = 1: Plot Type m
« MENU % 2: Plot Proper X 1: Hide Linear (mx+b)
R 3: Actions / 2: Add Movable Li

* 4: Analyze ( : ) % ' ovable Line

. 5 diAnalyZe | ¢ 3: Lock Intercept at Zero
* 2: Show Residual Plot (2). 11} 6: Settings... |\ S: Shade Under Function

= 110 ] [« 6: Regression »

2 1: Show Resid

ual Squares »

2: Show Residual Plot

o 14

T, A: Graph Trace

8. The residual plot will appear just below the

scatterplot. Resave the document.

2

[

E ? G ~ >y |

% 0 2 4 6 8 10 12
= time

go "....."0.
.ﬁ_w .
- o
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13.6 How to make predictions and calculate r and r?

. To make predictions (interpolate or extrapolate)
using the data provided in section 13.4, it is
necessary to write the least squares regression
line as a function. To do this, return to the Lists &
Spreadsheet page, then press:

« MENU (menu)
e 4: Statistics@

1: Stat Calculations @
e 3: Linear Regression (mx+b) @

1: One-Variable Statistics... “

2: Two-Variable Statistics...

"m0

3: Linear Regression (mx+b)... TP ‘
4: Linear Regression (a+bx)... - "
5: Median-Median Line. .. E Intervals »
6: Quadratic Regression... »
7: Cubic Regression...

8: Quartic Regression...
9: Power Regression...
A:Exponential Regression... V]

v |4 ’l

. The screen opposite appears. Enter the values
shown. Remember to press the tab key to move
between fields and press the click key to drop
down the options for a particular field. Select OK,

then press the enter key .

. X List [ume _J .
2 ¥ List: [ heartrate J
q} Save RegEqgn to [ f1 :I
'? Frequency List I 1 :]
i Categony List: [ :I
4’ Include Categories [ | ~
‘31 O_l;l ﬁéancel i
!

. The Lists & Spreadsheet page opposite appears

with the bivariate statistical calculations. Pearson’s
product-moment correlation coefficient (r) and the
coefficient of determination (%) appear in this list.

=. '=LinRegN
- RegEqn m*x+b

: m | 835714
4 b | 123.165
5 r 0.802639

6 r 0.895901|
| =0 89590142194572 4| »
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4. While on the Lists & Spreadsheet page, press: = 1: Actions b
« MENU (menu) &2 nsert ML Te D ~
« 5:Table @ 1353: Data » ¢ ."'L' R N.
) N 4: Statistics b wll i
* 1: Switch to Table (1). S5:Table b able
) m 8.35714
4 b | 123.165
3 r”? 0.802639
6 r 0.895901],
pé| =0 8959014219457 «/»]

5. With the function f1 selected, press the enter r 1112 m
—

V2
ey jami
i stat. regegn
fi4 stat. stat
fis stat2 regeqn s
fig stat2 . stat 1
fia stat3.regeqn
. |fiastat3. stat

6. This function table gives a heart rate of 164.95 after

5 minutes. : - :
c f10= ¥ v-
'8.357142, '
!
164 95054945056 [«]»]

7. An alternative method to using the Function Table to
predict a value from the regression equation is to add
a Graphs page to the document. To do this, press:

. ctrl@
. III]

and add a Graphs page. Notice that the least squares e :
regression equation has already been inserted to 10 | 1
f1(x). Use the up arrow a to see it.

Sy

6671
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8. Press the enter key . The graph will appear.
Adjust the Window Settings as shown by pressing: . fl NI I -
* MENU @ | XMax: (12
* 4: Window / Zoom @ | XScate: [7
* 1: Window Settings @ \ YMin: [_20
p—t—t—b ——— — b
Select OK, then press the enter key . 10 | YMax: Izw 10
Note that these settings were chosen so we can see | YScale: [20 I
the axesaswell. e
OK[ Cancel
9. We can now use this graph to find any values using
the defined function f1(x). For example, to predict
the heart rate after 5 minutes, place a point on the fl (\')-8 3571428571429 x+123 164 =
line. Press: . 0
I fllx)=8 26 x+123
. MENU @) |
e 7: Points & Lines @ ol |
e 2:Point On @ !
20+
: 5.
1 2 12
10. Move over the line and press the enter key I_l 1412
twice. Press the esc key @ to anchor the point 210 A

on the line. Move the point or edit the x-value of its
coordinates to x = 5.

f1(x)=8 36 x+123

Loyt

—
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13.7 How to display time-series plots and smoothed data

. The temperature of a sick patient is measured and
recorded every 2 hours. Create a 3-point moving
average of the data and plot both the original and
smoothed data.

Time 2 4 6 8 10 12 14

16

Temp

36.5 | 37.2 369|371 373|372 375

37.8

In a new document, add a Lists & Spreadsheet
page. Enter the time values in column A and the
temperature values in column B. Label the columns
accordingly and colour the columns. Save the
document with the file name Smoothing.

. Label column C as threepointsmooth. To enter the

rule for the 3-point moving average, hthh g @ time Etemp Cthreep.. D ‘}i
in cell C2 and complete the entry line as: = | | | [ |
_sum(bl: b3) P ]
3 . - 372
Fill down to C[7] of the data list and colour the . *37;@3 ,
column. 7 375
=
T D]
. Add a Data & Statistics page. Press the tab key EX 1:Plot T

to move to the horizontal axis and select time. Press
the tab key to move to the vertical axis and
select temp.

To add the second y-variable threepointsmooth,
press:

« MENU

¢ 2: Plot Properties @

* 8:AddY Variable (8).
Select threepointsmooth, then press the enter

key .

-4 1: Connect Data Points

s 2: pbt i v ' ’
K 3: Action{
4 4: AnalyZ
[ 5: Windof
111 6: Setting,

8 o |

3%.8 52 7: Remove X Variable

el 3 Add Y Variable

36.5 =
|%¥ A:Remove Y Variable

v
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4. To connect the points, press:

« MENU (menu)

* 2: Plot Properties @
* 1: Connect Data points @

2 4 6 8 10 12 14 16
time

5. To alter the scale to a suitable viewing window,
press:

B

[N
* MENU (neny) 537-’“ E/‘
. 5 Window/Zoom@ ‘;37'4 XMin: |o
* 1: Window Settings (1) E XMax: |18
. . £371| viin [36
Complete as shown and select OK. 3 o
336,8 YMax: '38
£ —
@365 |OK ||| Cancel
bl | B
2 N EoTT™4 16
time

6. The time series with the 3-point smoothing is
displayed in orange; the original data points of

B

the temperature are displayed in blue. Resave the g
document. & 1
®:7.4.
g‘ -
% 36.8 4
o
LY
s
S
0 36.2 4
0 2 4 6 8 10 12 14 16
time
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CHAPTER 14

Matrices and vectors

This chapter deals with basic operations involving matrices and vectors.

141 How to add, subtract and multiply matrices

Given the following matrices,

A= 23 ,B= > 0 and [ = 10 , find:

-1 4 1 =2 0 1
(a) 5A (b) 2B (c) 2A+3B
(d) detA (e) B! (f) B.IL

1. To answer a question such as the one above, use the
steps that follow. Begin with a new document and
add a Calculator page (see section 2.1). There are u
templates in the Maths expression palette that can
be used for matrices of order 2 x 2, 1 x 2,2 x 1 and
3 x 3. The Maths expression palette can be found by

pressing: 8o wa;%
.- @. ol s [ 0a |
Use the arrow keys on the Touchpad to select the $o | !b' 2%

2 x 2 matrix, and then press the enter key .

2. Using the tab key, enter the numbers in the
matrix as shown. Then press the enter key .
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3. For part (a), to calculate 5A, complete the entry m
line as:

137]

1
13
To do this, type 5 @, scroll back to matrix A as ‘1 4

shown and press the enter key . This places |
matrix A in the entry line. Press the enter key
to get the answer.

4. Alternatively, matrices of any order can be entered by 9. 1: Acti
pressing: »

. MENU@ 2: Zero Matrix ose
) 3: |dentity hinant
* 7: Matrix & Vector @ 4: Diagonal tchelon Form
* 1: Create @ S: Random Matrix ~ ed Row-Echelon Form
. 6: Fill neous
e 1: Matrix R
@ 7. Submatrix r >
8: Augment kions v
3: Column Augment  Jperations »
A: Construct Matrix it Operations »

5. Select the number of rows and columns (both 2 in m
this case) and use this to enter the matrix B. Tab
to OK and press the enter key . [ 2 3] M 3]
-1 4] 1 4

| Matrix
5 |2 1 Number of ows ISJ
‘ Number of columns

OKI Cancel
6. For part (b), to calculate ~2B, repeat the process 11
outlined above. 1 - -
g Iz 3] [10 15
‘1 4 -5 20
[s o] 5 0
1 (L 1 =2
2.5 0 -10 0
1 -2 -2 4
|
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7. Another way of dealing with matrices is to define
each matrix before carrying out operations. To do
this, press:

« MENU (menu)
¢ 1:Actions @
¢ 1: Define @

.\ 1: Actions
b5 2: Number 2: Recall Definition
\=3: Algebra 3: Delete Variable

{49 4: Calculus 4: Clear a-z...

¥ S: Probability
\ 6: Statistics
(58] 7: Matrix & Vector

S: Clear History
6: Insert Comment

$¢8: Finance Ltlorely "
[fil 9: Functions & Progran 8 L,OCk x
e -2 4f I
8. Complete the entry line as: 11
1 - “2] A~
Define a = { 23 }
-bo4 2 [s o -10 0
1 =3 2 4
Press the enter key . This stores the matrix as
variable a. Alternatively, you can press the ctrl key Define a={ 2 3] Done
@) and to store matrix b. ‘1 4
5 0 5 0|.p S0
b= 1 -2 1 -2
9. The required calculations can now be carried 11
out using the defined variables. For part (c), to e — -
calculate 2A+3B, simply type ‘2a+3b’ and press = =
the enter key . Define a-[ 2 3] Done
-1 4
T E
12 1 =2
2 a+3 b [19 6]
1 2
10. To find the determinant of m:atrix A (det A) for ¥ 1: Actions N paD 21
part (d), complete the following steps. Press: Ls2: Numbel1: Create »

« MENU

e 7: Matrix & Vector @
¢ 3: Determinant @

\= 3: Algebrg2: Transpose

{SF et ¥ = Determinant

W S: Probab{4: Row-Echelon Form

U 6: Statisti¢>: Reduced Row-Echelon Form
257+ Matrix fs: Simultaneous

$¢8: Financq/: Norms

[l 9: FunctiofS: Dimensions
9: Row Operations

A:Element Operations

| -

o, A S BN, A
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11. Complete the entry line as:
det(a)

Press the enter key .

12. For part (e), to find the inverse of matrix B (Inv B),
simply type ‘b as shown. Press the enter key .

13. For part (f), to enter a 2 x 2 identity matrix, press:

« MENU (menu)

e 7: Matrix & Vector @

¢ 1: Create @
3: Identity @

21 Actions
1: Matrix...
2: Zero Matrix

ose

inant

chelon Form

d Row-Echelon Form

4; Diagonal
S: Random Matrix
6: Fill

7: Submatrix

8. Augment

9: Column Augment
A: Construct Matrix

1 [ ~

=
3
U

o AN S AP, A

14. Complete as shown: 11

identity(2) 2]
and store this matrix to i. Now, to find the matrix B./ identity(2) 10
for part (f), simply type ‘b.i’ as shown. 01
Press the enter key . Note that an identity Nl 10
matrix must be a square matrix, so identity(2) will [0 1‘ Tar [0 1
give a 2 X 2 identity matrix. Furthermore, identity
matrices satisfy Bl = IB= B. ki [5 0

1 -2
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14.2 How to solve matrix equations

1.

To solve matrix equations such as the one below, use
the steps that follow. Begin with a new document and
add a Calculator page.
2 5
-2 1

2| }andgz{

Find X if:
(a) AX=B
(b) XA=B.

1 2
0 3

First, define these new matrices as A and B (see step 7
or step 8 in section 14.1).

Done

Definea-{l 2]
0o 3

Define b-[3 5] Done
2 1

. For part (a), to find X, we know that:

AX =B

ATAX=A"B

IX=A"B

X=A"B.

where [ is the 2 X 2 identity matrix.
Complete the entry line as:

a'xb

Press the enter key .

<

. For part (b), to find X, we know that:

XA=B

XAA™ =BA™

XI=BA"

X=BA".

Complete the entry line as:

bxa™

Press the enter key .

w I':_, w
W = W

b

Wl W |-

<
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14.3 How to solve linear simultaneous equations using matrices

1. To solve the following 2 X 2 linear simultaneous

equations by matrix methods, complete the steps
that follow. Begin with a new document and add a
Calculator page.

3x—y=16
2x+5y=5

Express these equations in matrix form as

S X i 16 , Where AX = B.
2 5 y 5

First, define these new matrices as A and B (see step 7
or 8 in section 14.1).

[ I

Define a-[ '1‘ Done

5
Define b-[ 16‘] Done
c

o W

. We know that if

AX =B

ATAX=A"B

IX=A"B

X=A"B.

To find X, complete the entry line as:
a'xb

Press the enter key .

Therefore, x=5and y="1.

O

Define a={ > -1 Done
2 5
Define b-[ 15‘] Done
c
alsp [5]
-1

. To solve the following 3 x 3 linear simultaneous
equations by matrix methods, complete the steps that
follow.

2a+b—-3c=6
—4a+3b—c=5
a-2b+3¢c=-5
2
Express these equations in matrix form as
2 1 3 a 6
-4 3 -1 |x| b |=| 5 | where MX=K.
1 -2 3 c -5

Define the matrices M and K as shown.

2 1 -2 2 1 -3
4 2 . -4 2 .
43 . 4 3 -1
2 2
v o
1 2 = 1 -2 =
2 2
6 é
s |~k 5
-5 -£
"2 >
1
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4.

To find X, complete the entry line as:

m™ xk
Press the enter key . ﬁ —k 2
= ~
Therefore, a = % b=2 and c=-1. -5 -5
m'1 k i
-1
|
5. Matrices can be used to find the images of points 11
under various transformations. For example: J -
.5 «£
Find the image of the point (2, 5) following an >
anticlockwise rotation of 90° about the origin. P 1 X 1
Complete the entry line as: B
cos(90) —sin(90) 2 2
sin(90)  cos(90) x 5 |
. cos(90) -sin(90)]. [2 5]
Press the enter key . The General Settings for sin(90) cos(90)] |5 2

the Angle should be in degrees. This can be checked
by using the Touchpad to move over the Settings |
icon; the Angle settings will be shown.

<

14.4 How to work with vectors

Given the vectors a=2i+3j—k, and b=1i-2j+2k, find:
(a) a unit vector in the direction of a

(b) the scalar resolute of g in the direction of b

(c) the vector resolute of g in the direction of b

(d) the angle in degrees and minutes between the vectors g and b.

. Open a new document and add a Calculator page. To

define the vectors, press:
« MENU @ Define a-{z 3 '1] Done
¢ 1:Actions @ Define b=[ 1 =2 .':] Done
¢ 1: Define @ |
Complete the entry line as:
Define a =[2,3,71]

Press the enter key . You must put commas
between the coefficients of the vectors in the square

brackets. The results will be as shown when you press
the enter key . The defined variable will appear
bold at first. Repeat this process for vector b.
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2. For part (a), to find a unit vector in the direction of

a, press:
« MENU

* 7: Matrix & Vector @
* C: Vector [C]

* 1: Unit Vector @

: Cross Product
: Dot Product

. Convert to Polar

: Convert to Rectangular
: Convert to Cylindrical

: Convert to Spherical

NO s WK
=
o
=
o
=
s
v vwvevwewy

. Complete the entry line as:

unitV(a) Deft _[ o 1] Do,
ineg={2 3 - ne
Press the enter key . -{ ]
Define b={1 -2 2 Done
4= J14 i+ 3V14 ;14 K
7 14 ~ 14 unitV(a) m 3 J-JI \f]:
7 14 14
. For part (b), to find the scalar resolute of g in theA ¥ 1: Action N naD 2
direction of b, we need the dot product of ¢ and b. b5 2: Numbe

To get this, press:

MENU

7: Matrix & Vector @
* C: Vector [C]

3: Dot Product @

\= 3: Algebrd 3: Determinant

f94: Calcul4: Row-Echelon Form

|38 S: Prohabi>: Reduced Row-Echelon Form
1: Unit Vector

2: Cross Product

4: Convert to Polar
S: Convert to Rectangular
6: Convert to Cylindrical
7. Convert to Spherical

..,
o
b=
o
3
I
v vwvwevwewy

. Complete the entry line as:

dotP(a,unitV(b))

Press the enter key .

=-2

1S

a.

Definea=(2 3 -1] Done
Define b={1 -2 2] Done
unitv(a) .]17 3. J1_4 m
7 14 14
dotP(a,unitV(b)) »2
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6. For part (c), to find the vector resolute of ¢ in the 11

direction of b. Complete the entry line as:

Define b={1 -2 2 Done =
—2 X unitV(b) ) J_ ‘/_ J_
unitVia 14 3214 ~-J14
Press the enter key .
7 14 14
AT . .
(a-0)5= g(‘zi +4j-4k) dotP(a,unitv(p)) -2
-2 unitV(p) 2 4 -4
3 2 3
|

7. For part (d), to find the angle between the vectors a

and b, complete the entry line as:

cos”! ( dotP(a,b) J

norm (a).norm(b)

norm(a) norm(b)

dotP(a,b) ))

appmx(cos"(

Note that norm(a) is used to find the length of a

vector. We have also used the approx command to 1223115332
get an approximate answer, and the angle setting is

in Degrees mode. The angle between the vectors is (122 31153323742)p DMs

122°19". 122°18'41 51965471

<
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CHAPTER 15

Differential calculus

This chapter deals with limits and derivatives by first principles, by rules and applications.

15.1 How to use a spreadsheet to demonstrate the limit

of a function

1. To investigate the limit of a function using

2
a spreadsheet, we will find lim XX =2 4
x—1 X—

x approaches 1 from the left and from the right.

Start with a new document and add a Calculator page.
To do this, press:

 MENU

¢ 1:Add Calculator @

1:Add Calculator

42:Add Graphs
(43:Add Geometry
" J4:Add Lists & Spreadsheet
S:Add Data & Statistics
6:Add Notes
_47:Add Vernier DataQuest™

Press menu

2. Press:
* MENU (menu)
. 1:Actions®
* 1: Define @

T 1: Actions ‘
s 2: Number 2: Recall Definition

b
\=3: Algebra 3: Delete Variable
{t94: Calculus 4: Clear a—z...
: 21 gf obability 5: Clear History
. Statistics :

28] 7: Matrix & Vector 2 I_r:rs_grt o
$¢8: Finance 7:Libray .

9: Functions & Progra §: L,° ek >
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> Compacieayine s ‘e O
2

Define f(x)= Lxl_z
X—

Press: Define )(\)-

« ENTER .

Note: Use the fraction template by pressing the

ctrl key @ and @

=2 Done

xX=1

4. Now add a Lists & Spreadsheet page to the
document. To do this, press:

* HOME (g} on).

Select the Lists & Spreadsheet icon, then press:

« ENTER .

..@....

i Lists & Spreadsheetto New

5. To save and name this document, press:

trl
C @ Save In [My Documents —1 |z

* save . Name Type Size

» Dictionary Folder ~
Type in the file name as ‘limit of function’. |/ Downloads Folder ¥
p Examples Folder
Tab to Save, then press: '
P »Images Folder ~

« ENTER (enter). '
File Name: | Limit of function

Save|| Cancel F_l

' | i

6. Label the columns as indicated below. *Limit of function < rao L1l

Label column A as xleft. P

“ xleft ' xright valuea P valueb 1i

Label column B as xright.

Label column C as valuea.

Label column D as valueb.

To do this, simply type the labels into the cells
as shown.
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7. Enter the data values approaching x = 1 in xleft and
xright as shown.

@ xleft  Bxright ©valuea D valueb 'y

: 099 101

| 0999 1001

.

4 099% 1.0001

.

"‘ 0.99999] 1.00001

S

.

¢| 100001 ' . [« '>|

8. Using the Touchpad, move the cursor to the top
of cells A and B and select both these columns. : 1:Cut -
Now press: ® " xleft B xrig 2;Copy lueb ".

e ctrl @

11412

1 4Insert Cell
« MENU - g:gﬁlete Cell
2 Fi
* A: Color [A] -

 2: Fill Color . 3:Resize ’
@ 9:Summary Plot
A:Quick Graph

)

. * 4 i !
i 1|3:Text Color l 4 b I
9. Using the Touchpad, choose a colour to fill TIEE
the background of the cells. Leave the text colour -
as black. @~ xleft valuea ©valueb 'y
1 00000
‘ dger Blue =] |
odger Blue _§| |
3 (ol
4 lNonei |
[«»]

10. In the header cell of column C, labelled valuea,
complete the rule for the cells as valuea := f (xleft).

@ * xieft B xright ©valuea ©valueb g
Press the enter key . RS 4 g : g i

= F -r(xlmll

1

>
<

3
4

S

v

~ | valuea -f(xloft . I «“ 'b I
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11. In the header cell of column D, labelled
valueb, complete the rule for the cells as

valueb := f (xright). @7 xleft B xright € valuea O valueb 'g
Using the method described above in step 8, = =f(xleft) -f(xri(htx
colour the background of the columns C and D 1 249
in another colour. - =
- 2.999
. 2.9999.
_ . 7 2.99999
| valueb =f{xright [«]»]
12. Notice that, as x approaches 1 from the left and from E
the right, the value of the function approaches 3. —

@7 xleft B xright € valuea Pvalueb g

Resave the document by pressing: t fxlefo I=f ol ht)4
=f(xle =f(xrig

o ctrl@
« S[s] ﬁ

Note: The asterisk in front of the file name no
longer appears if a file is saved and no further
changes are made. 4

15.2 How to calculate the value of a limit

1. Continue working with the document used in
section 15.1. Go back to the Calculator page by
pressing:

* ctrl @) Define Ax)=

o left arrow 4.

2
X2 4=2 Done
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2. To calculate the limit of the function below,

complete the steps that follow.
lim xP+x—2
x—1 x—1

Use the limit template from the Maths Expression
palette by pressing:

. @0

Select the template highlighted on the screen
opposite, then press the enter key .

11112

- PSS Done
Define )(;r«)-i
x-1

% o ‘j_\/a”:ﬁ_ ¢’ ."fz"’{&i_{ﬁ_ o
lol (oo (8] 9| [] B o o 4o fo

. Type in the values required. Press the tab key

to move between fields. To find the limit as
x approaches 1 from the left, complete the entry
line as:

lim f(x)
x—1"

Press the enter key to find the limit.

n 11 *Limet of funchon <

Done

2
-

2

“ -2
Define A).&‘.

x-1

lim (f(\))

.\'—01-

. To find the limit as x approaches 1 from the right,
complete the entry line as:

lim f(x)
x—1"

Press the enter key to find the limit.

Ji PR 2 Done

Define j(l)-
x-1

lim (r(\)) 3

X = 1-

lim (}(r))

+
x=1

A

<

. These ideas are especially useful in cases such as

the one shown below.

Find lim (l) from the left and from the right as
x—=>0\ X

described above.

*Limet of funchion <

<
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6. If the + or — is omitted, the limit at x =0 is

k11 'B *Limet of funchion <
calculated.
lim |=
The actual limit for this function at x = 0 does not 0T
exist, as the left and right limits are not the same. )
Therefore, the calculator returns an answer of 1 @
undefined. To resave the document, press: lim |—
L at\X
. ctrl @) ad
. = 1 undef
save (5g). - (_)
x=-0\X

15.3 How to differentiate from first principles

Find the gradient of f(x)= x* +1at the point (1, 2) by first finding the gradients of the secants that join the
x-values listed below.

x=landx=1.1
x=1and x=1.01
x=1and x=1.001
x=1and x=1.0001
x=1 and x = 1.00001

1. Start with a new document and add a Calculator
page, then define the function f(x)=x>+1.

[ OETE—

Complete the entry line as shown and press the Define j(\-)-x‘z-r 1 Done

enter key Then add a Lists & Spreadsheet

page (see section 15.1). l

2. Label column A as hvalue and label column B as E
gradient, then enter the values of the difference as -
shown on the screen. ® “ hvalue  gradient £ 's
0.1)
0.01 ’
. 0.001)
“| 0.0001| _ _ _
0.00001 v
#| gradient ] 4 P]
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3. We know that the gradient at the point at x =11s E

equal to SA+h - f@), " - : , A
h @ * hvalue ¥ gradient ' D 'n
In the header (grey) cell of column B, labelled sl Eiu, J-fl1) il | |
gradient, complete the rule for the cells as .
i f(+ hvalue)— £(1) 4 0.1)
g o hvalue ' | 0.01)
Note: Use the fraction template by pressing the . | 0.001|
ctrl key (etr)) and @ 4 0.0001
#| gradient f{1+hvalue)-1(1) |
! hvalue I | 4/

4. Press the enter key . I 11

For the two selected background columns, set the fill @ * hvalue ¥ gradient © D l.
colour as described in section 15.1 step 8. =1 (= (1 +hval ! |

1

Notice that as & (hvalue) — 0, the gradient — 2.

i I( )I

15.4 How to draw a tangent to a curve and calculate its gradient

1. Start with a new document and add a Graphs
page. To draw the graph of f(x)= x+1, type
the equation into the function entry line. Press the

enter key .

£1(x)=x2+1

-—

_w,.......h{.

667 1
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2. To draw the equation of the tangent to the curve

fx)= Hlatx=1, press:

* MENU (menu)
« 8: Geometry

¢ 1:Points & Lines ®

e 2: Point On @

k 1: Actions -

5 2: View »

* 1: Point () 2

P8 2 Point On flbej=x"+1

¢ 3: Intersection Point(s)

—~—4: Line C
— 5: Segment + Points & Lines »
~—6: Ray : Shapes »
73 7: Tangent : Measurement »
-~ 8: Vector : Construction »
(™ 9: Circle arc : Transformation »

. Use the Touchpad to move the pointer R to any point
on the graph. When the point is over the graph, the
graph will appear bold and the pointer will change
to the pointing finger . Press the click key .

A pencil i will appear with the coordinates of the
point displayed in grey. Press the click key twice

to anchor the coordinates. Press the esc key @ to
stop adding points to the graph.

y  ppoint on
,P

wif e @
)=x +1

P——tr—t—t—i>

Sy

S R e R S 5

e p—

6.67

. To specify the x-coordinate at the point of tangency,
move the pointer over the x-coordinate shown.
An open hand 2y will appear.

text (ab
( ,509)
f1lx)=x~"+1

l\

P NS S S
F10 1 10
-

3

6674

. Press the click key twice. The x-coordinate will

be displayed in a text box ready to edit. Delete the
existing value and type the number 1, then press the

enter key .

667 1
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6. The new coordinates (1, 2) will be displayed in the
appropriate position.

667 1

7. To draw the tangent to the curve at this point, R 1: Actions
complete the following steps. Press: B 2: View
e MENU a
@ * 1: Point () 2

* 8: Geometry 2 Point On fllx)=x"+1
> 3: Intersection Point(s) A

* 1: Points & Lines (1) ; .2)
—4: Line c

 7: Tangent @ — 5: Segment : Points & Lines »
~—6: Ray : Shapes B

\ G : Measurement »

-~ 8: Vector : Construction »
(™ 9: Circle arc : Transformation »

8. Use the Touchpad to move the pointer R to the point
(1, 2) on the graph. A dotted tangent line will appear
on the graph with the pointing finger . Press the
enter key to anchor the tangent to the work

area. The tangent line will now appear as a solid line.

-
filx)=x=+1
/point on (b

1\&’ 2)
—

S

F10 10
6.67
9. The equation of the tangent will also appear. 11
667 %y 2
71y fl(.\')=.\"‘+l
y=2x
w/(1,2)
F10 & 10
6.67 +
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15.5 How to find the derivative by rule

1. Start with a new document and add a Calculator

page. To differentiate each of these functions below,
complete the steps that follow.

@ y=x°

(b) y=3x"

(c) y= 2x° +%x2 —6x
Press:

+ MENU

* 4: Calculus @

¥ 1: Actions
A Ty gl | Dervative

\= 3: Algebra [2: Derivative at a Point...
{4 Caleulus |=: Integral

@ 5: Probabilityf4: Limit

T 6: Statistics |3 Sum

29 7: Matrix & \{6: Product

$¢8: Finance |7: Function Minimum
(811 9: Functions|8: Function Maximum
T |9: Tangent Line
A:Normal Line

e 1: Derivative @ =
. To answer part (a), complete the entry line as: m

d 8

——(x")

dx d (xs) 3 \,7

Press the enter key . dx

Repeat this process for parts (b) and (c). d .)) 6 x
— 2 \“
dx

3 6 x

4 2'xs+— xX“=-6'x 10 x4+ —-6
dax g
|

3. To differentiate a function such as f(x)=6/x using

the Define application, press:

« MENU

" 1: Actions
£52: Number 2. Recall Definition
\=3: Algebra 3: Delete Variable
1624: Calculus 4: Clear a-z...

W S: Probability
\ 6: Statistics
(28] 7: Matrix & Vector

S: Clear History
6: Insert Comment

$¢8: Finance 7: Library »
[f3l 9: Functions & Program 8: Lock >
r‘b‘ \ 4 T S
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4. Complete the entry line as:

11 \
Define f(x) =6 x/x ST -
Press the enter key .
_(3 . 3) 6 X
X
3 6 x
4 2'x$+— X2-6'x 10 xt+—-¢
dx S 5
Define /(r)-c‘» J\_ Done
l w

5. Alternatively the derivative template can be found in
the Maths Expression palette.

Press:
o . i 3 \.2) 6 X
dx

Select the template highlighted and press: -
§ o vo Vo e’ g {ae {88 | &

» ENTER (enter). MSEICIEIE RS & B

L (py dx 2

X

Press the enter key . al. t"’+3- See 2 1055 6 x i
e 3 =
Define /(t)-c‘- f\— Done

d
ZW))
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7. To find the gradient of f(x)=6~/x at x =1, press: ¥ 1: Actions

« MENU i"? 2: Number
@ Ny gl 2 Denvative at a Point
+ 4: Caleulus (4) { M CaleUie 3 Integral

¢ 2: Derivative at a Point @ W 5: Probability{4: Limit

T 6: Statistics (5 Sum

(24 7: Matrix & {6: Product

$¢8: Finance |7: Function Minimum

(831 9: Functions |8 Function Maximum
; 9: Tangent Line

A:Normal Line

v

8. Type in the values as shown, tab to OK and m

press the enter key . dx 2

d
— 2 - ._6
P Variable: I"
Value |1
Defin{ perivative [15( Derivative l i
d ! 3
—()‘( IOKl |Cancel! =
dx —_— —— ’x
9. Complete the entry line as shown 1
d -
- =1 as 5 [ A
o S X x| 5

Press the enter key . Define )‘(r)-cl J:- Done
d 3
2

(1)1

<

10. To find the gradient of f(x)=6+/x at multiple points
such as x = {2,3,a}, complete the entry line as:

diq(x)) lx={2.3.a}.
X

Press the enter key .

d
Note: Another shortcut key to find the derivative 'd__'(/("))h" 1
X
template is to press the shift key and @
Lontea) (2 2]
dx 2

<
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15.6 How to sketch derivatives

1. To sketch the graphs of f(x) = x® —12x and its
gradient function, or f’(x), on the one set of axes,

667%y
complete the steps that follow. Start with a new ’
document and add a Graphs page. Complete the
function entry line as:
Fl(x)=x>—12x 4
Press the enter key . 10 SR T 'l;'
‘ntr)-x“-lz x
6.67 (
2. To change the window settings, press: Rk 1: Actions W
. F? *\/i :
MENU - 2: View #.2: Zoom - Box
* 4: Window / Zoom (4) ﬂ“ 3: Graph Entry/E) & 3: Zoom - In
T . ' '~4€WOWIZ°0I+)-‘ - Zoom = Out
* 1: Window Settings @ A% S Trace
e A it 4 5: Zoom - Standard
4 Tnsltyze F3P1 .1 6: Zoom - Quadrant 1
. TE7: Zoom - User
*5 8: Geometry 48 8: Zoom - Trig
11 9: Settings... |8 9: Zoom - Data
f\d A: Zoom - Fit
-4 v

3. Enter the values shown using the tab key to
move between fields. Select OK, then press the enter

key .

[ I ——

XMin: | -5
XMax: |5
XScale: | 1 | » |
o . ET ek
10 YMax: |40 10
YScale: LS J
'&ﬂfCancel‘
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4. To return to the function entry line, press:

e tab .

To draw the derivative graph, f’(x), we need the
derivative template. Press:

e catalog .

Select the template highlighted, then press:

* ENTER (enter).

5. Complete the function entry line as:

£2(x)= di(fl(x))
X

J
R
4
‘I’""—

t'l(t)=.\'3- 12-x

6. Press the enter key , and the graph of the
gradient or the derivative is now displayed.

f.’.(\'i( fl(,\:)]

ax

40
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15.7 How to calculate implicit differentiation

d ®. 1 Acti
1. To use implicit differentiation to find 2 for the ¥x 1: Actions m
ions bel lete th et ol go % Hhoner .
equat1oils 1e ow, complete the steps that follow on a \= 3: Algebra 6: Product
new Calculator page. M Caleuiis |7: Function Minimum
(@) 2x+y=4 @ S: ProbabilityfS: Function Maximum
(b) 9x” +36x+4y> —8y+4=0 X 6: Statistics |9 Tangent Line
[29] 7: Matrix & A: Normal Line
Press: $¢8: Finance [B:Arc Length
« MENU (menu) 4 9: Functions |C: Series 4
4 D: Differential Equation Solver
* 4 Calculus @ E: Implicit Differentiation
* E: Implicit Differentiation [E]. F: Numerical Calculations »
impDif(2x + y=4,x,y) d )
impDif(2- x+y=4xy -2
Press the enter key .
" 2 2
(b) Complete the entry line as: Define Ax,y)=9 x“+36 x+4 y~-8 y+4=0
Define f(x,y)=9x> +36x +4y> —8y+4 =0 -
impDif(f(x,y),x,y) impDif{Ax.) x.») 9 (x+2)

Press the enter key . 4 (1)
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CHAPTER 16

Integral calculus

This chapter deals with indefinite integrals, definite integrals, graphing anti-derivatives, finding the area under a curve
and differential equations.

16.1 How to find indefinite integrals

1. Open a new document and add a Calculator page (see Vs 1: Actions

section 2.1). To find the antiderivative of 5x°, press: 1s2: Number |1 Derivative

« MENU \= 3: Algebra | 2: Derivative at a Point...
{4 Cale 3. integral

¢ 4: Calculus @ @ 5: Probabi 4: Limit

* 3:Integral (3). T 6: Statistics |3 Sum
(28] 7: Matrix & 6: Product

$¢8: Finance |7: Function Minimum
8: Function Maximum
9: Tangent Line
A:Normal Line

v

2. Notice that there are provisions for lower and upper
bounds. These are not necessary in this indefinite

integral, so use the tab key to move into the
required field and enter the rule.
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3. Complete the entry line as:

To antidifferentiate d” — 3d +1 with respect to d,
complete the entry line as:

[(a*-3d+1)dd

Press the enter key .

[ 5 ] 2
2
5 .\"’)ch 5x
Press the enter key . Do not type in the 4
brackets, as they will be inserted automatically.
Note: The answer given is one of an infinite number !
of antiderivatives that can be obtained. The answer
4
would normally be written as J 5x3dx = % +c.
. To antidifferentiate 4¢> + 5¢ — 7 with respect to f, 11
comg)lete the entry line as: 5 x)dx G R
j(4z +5t—"7)dt _4
Press the enter key . K
1 . 2. _Ks (4 s+$)"‘)ds 4 40°s” 25s°
To antidifferentiate s(4s+5)" with respect to s, i
complete the entry line as: a -
2
J(s(4s+5)7)ds ]d')‘—3 d+1)da & 3d? "
Press the enter key . 3 2

<

16.2 How to find definite integrals

1. The template for the definite integral can be found

using the menu as shown in section 16.1 or by using
the Maths Expression palette. Press:

. @0

Select the template highlighted in the screen opposite,

then press the enter key .

4 40 S"'
8 |0’ |vo V0 " | g {as {88 G | 8
lol oo (58] @@ | [ (B £ o &0 o
e %

3 2
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2. (a) To find:

4 - ~
j(x2 +1)dx 4 24
1 (\'J + l)d.\'
complete the entry line as shown, then press the 1
enter key . "

3 3 1589

(b) Repeat this process for J (4x° = 5x% + x = 2)dkx. (4, o8 x2+x-2)dx 48
1
-1 A
I

3. A numerical integral can also be found by pressing:

Totiacions — »IEENYGEC

* MENU (menu) 15 2; Number -
« 4: Calcul @ \= 3: Algebra 6: Product
s alewius { o MUCaIeUIEN7: Function Minimum
* F: Numerical Calculations [F] W 5: ProbabilityfS: Function Maximum
* 3: Numerical Integral @ ¥ 6: Statistics |9 Tangent Line
28] 7: Matrix & \A: Normal Line
1: Numerical Derivative at a Point
2: Central Difference Quotient with Step »
3: Numerical Integral er
4: Numerical Function Minimum
5: Numerical Function Maximum »
b7 ndmerieavalue for [ N
3
J - (4x> =5x2 +x=2)dx, complete the entry line as: A 2
: 3 1589
3 2 -1 ey
nInt(4x —5x +x—2,x,?,3) (4 _‘,3_5 x')'+x-2)dx 48
=1
Press the enter key . ?
Note: For another shortcut key to find the integral , 1 23 1042
template, press the shift ke and (). I x7=5 ,-‘)'+, (=2,X,== 3 = 3
plate, p y (@shif) and (¥) nnl(4\ x24x ,\,3,)
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16.3 How to graph a possible original function from a

gradient function

1. Open a new document and add a Graphs page (see
section 3.4). To sketch a possible graph for f(x) if
f’(x)=2x, complete the steps that follow.

Complete the function entry line as:
fl(x)=2x

Press the enter key .

0 f1(c)=2d

Sy

'l')..".'."_l'

667 ¢

2. Press the tab key to get back to the function

entry line. Access the Maths Expression palette by
pressing:

. (0.

Select the template highlighted in the screen opposite,

then press the enter key .

KRR o~ 08

0 72Ax)=
: /ﬂ‘x):" X

8 o' vo /0 ¢ | fa 81| 2 | O
lol {Gos |BS] @@ (] |6 | £o Jio| fo 0
P 238

[ 4

3. Complete the function entry line as:

f2Uj=Jfoﬂh
Press the enter key .

L )= 1) ax =

f1(x)=2 x

_w.........hl.........l

667 ¢
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4. This is one of an infinite number of possible graphs Em
of an antiderivative function of f’(x). -

\ 6 67‘}; /
Remember that f1(x) = f’(x) =2x and L
1200 = f(x). 200)= [ 11(x) dx \ 1 /
Note: You may need to move the labels to get a better 3 [ f1{x)=2-x
view of the graph. R : —\V, X
o 1 10
6671

5. To change the rule for f(x) and to see the
antiderivative of f1(x) change, complete the steps

that follow. Move the pointer R until it is over f1(x). fl (\')--—x 3‘
An open hand 2y appears. Then press the click key ) ’- (o [
1 X )= X/) AX

twice. Edit the equation to f1(x)=—x. er=jiw W/

.. T ,,“' f1(x)=2 x

!

10 g 10
667t

6. Now when we press the enter key , both graphs l 11

change to reflect the changes in f1(x).

O""

F10

6671
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16.4 How to calculate the area under the curve

1. To find the area bounded by the curve y = x> + 1, the
x-axis and the lines x = 1 and x = 4, complete the
steps that follow. Open a new document and add a
Graphs page. Complete the function entry line as:

£1(x)=x2+1
Flx)=x*+1

Press the enter key . N

_w..........l.

Sy

667 ¢

2. To get a clear view of the area being calculated, Fm
press:

* MENU (menu) e -3
XMa
* 4 Window/Zoom@ ' [.7 E—
XScale: |4 [ » |
e 1: Window Settings @
YMin: | -4 d
Complete the window settings as shown, then select TSR Sy I[ — -'—'—';z'
x| 20
OK and press the enter ke @m
P Y . YScale: |4 _J
o |
OK!‘ Cancel

3. Place two points on the x-axis. Try to place them
close to x =1 and x =4 To do this, press:

* MENU (menu)
* 8: Geometry

¢ 1:Points & Lines @

e 2: Point On @

£1(x)=x2+1

The pointer R will change to a pointing finger dasit 4l

is moved over the x-axis. When you are satisfied with point on

the location of the point x = 1, press the enter key — . ¢ gresnssssie , T -
F3 1 7

. The pencil j and the point will appear. Press i <

the enter key to anchor the point to the x-axis.
Repeat these steps for the point at x = 4. Press escape

to stop adding more points.
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4. To label the points with their coordinates, press:

* MENU (menu)
. 1:Actions®

¢ 8: Coordinates and Equations .

£1(x)=x2+1

Move the pointer R over the point. A pointing finger
) appears with the word ‘point’ and the coordinates
dimmed. Press the CLICK key twice; the
coordinates of the points will appear. Repeat for

the other point. The coordinates may be moved for N = = "
a better view. If the coordinates are not (1, 0) and N ' | 1. 0') ' I 4 0') '

(4, 0), they can be edited in the same way that the ™
rule was changed for the function in section 16.3.
5. To shade and find the required area, press: R 1: Actions N
* MENU (menu) 5 2: View y
« 6: Analyze Graph @ :’r- 3: Graph Entry/Edit b= el
3 4; Window / Zoom K%' " ="
* 7: Integral @ A% ©: Trace f ‘#e 2: Minimum

' 6: Analyze Graph | &k 3: Maximum

2 4: Intersection

, 7 lame 5 S: Inflection
o5 8: Geometry I,:-'_; 6: dy/dx
1L 9: Settings... "8 7: Integral
e 7. |/ 8: Bounded Area
-4 (1.6 © 9: Analyze Conics »

6. With the lower bound prompt, move the pointing
finger 1 so that the dotted vertical line is over the
point (1, 0) and press the enter key .

£1(x)=x2+1

D R R R R o)

A

3

: —
lower bouna?), [ = (1.0)

7. With the upper bound prompt, move the pointing
finger 1 so that the dotted vertical line it is over the
point (4,0) and press the enter key . <

.fl(.\‘)-.\‘:"+l

It is also possible to colour the shaded area. To do
this, move the pointer over the integral until the open
hand 2y appears with the label ‘integral’. Then press

o ctrl tr) -
. MENU @) i
¢ B: Color

X
and choose the line and fill colours. 1,0 ) th 0 ) 7

point (ab

\

L
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8. The shaded area appears; in this case, it is 24
square units. This area agrees with the result in
step 2 of section 16.2, which is the value of the
definite integral as a measure of the required area
4

j(x2 +1)dx =24,

1

It was not really necessary to place points on the
x-axis before finding the area, as the points will be
added automatically when an area is found. However,
doing this has the added advantage of using the
precise x-values; furthermore, the points can be
moved to change the value of the area.

I(1,0) (4,0)

16.5 How to find the general solution of a differential equation

1. To find the general solution of the differential
equation ? =2x -3y, open a new document and add
X

a Calculator page, then press:

* MENU (meny)
¢ 4: Calculus @

* D: Differential Equation Solver @

I'x 1: Actions
&5 2: Number
\= 3: Algebra
{4 Calculus
W S: Probability
\ 6: Statistics
(28] 7: Matrix &
$¢8: Finance
(2l S: Functions

41‘“;

6: Product

7: Function Minimum
8: Function Maximum
9: Tangent Line
A:Normal Line

B:Arc Length
C:Series

fl(r)-.r:"* 1

el

E: Implicit Differentiation
F: Numerical Calculations »

2. Complete the entry line as:

deSolve(y'=2x-3y,x,y)

Press the enter key .

Note: The prime is used for the derivative. It can be
accessed by pressing @ (this key is located to the
right of the @ key) and selecting the highlighted
symbol as shown.

dc—Solvc-(xl
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3. The solution is given in terms of an arbitrary constant

cl. Note that for the solution shown, the calculation
mode in the General settings must be set to Auto or

[ OEE—

de Solve()v" =2 x=3 yx) )

Exact mode. 3.y 2 (3 .\'-1)
y=cl e T ———
9

16.6 How to find the particular solution of a differential equation

[ OCT—

de Solve()v" =2 x=3 y.xX) )

1. To find the particular solution of the initial value

problem il =2x-3y, y(1)=2, press:
dx
3x, 2 (3 x-1)

¢ 4: Calculus @ 9

¢ D: Differential Equation Solver @ deSo lve(r‘= 5 B R {l)= i “_M

and complete the entry line as:
deSolve(y'=2x—3y and y(1)=2,x,y)

2. Press the enter key .

Note: Use the catalog key to find ‘and’, or it can
simply be typed. The solution can be expanded to
express it into a simpler form as shown. Y=

-3y 2 v ?
27X ( 3-x-1) e~ *+7 e")

9

2 e 3% (3. x-1) 3 %47 e3)
expand >

2
14-€°  2°X 2

5 (e_\_)3 3 9

~
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16.7 How to use Euler’s method to tabulate the solution of a

differential equation

dy

Euler’s method can be used to tabulate the solution to the differential equation ™ = f(x, y), y(xo) =y, in equally
x

spaced step sizes of A, for x from x = x up to x, where x; = x, +ih and y;,, = y, +h f(x;, yi). There is now a built-in

function for using Euler’s method. The syntax is euler( f(x,y),x, y,{xo,xn},yo,h).

1. To use Euler’s method to tabulate the solution of the
differential equation Z—y =2x-3y, y(1)=2 with a
X

step size of 0.25 up to x = 3, complete the following.

Press: EndPrgm

EndTiy
* catalog EndWhile .
o 1:(:) enCode

euler(
* E:[E]} exact( v
Scroll to find euler(, then press the enter key . |Z\-\| "] = Wizards On

! o
2. Complete as shown: 1

euler(2x—3y,x,y,{1,3},2,0.25) expan ~

then press the enter key .

Note that the solution is given as a matrix; the
first row contains the x-values and the second row
contains the y-values.

2
14-¢” 2x 2

7+ 2
9»(e"')4 >

euler(2 x-3 _\',1',}',{ 12 },2,0 25)
1. k25 1.5 1.75 2 2.2
2 1. 0875 096875 111719 1.27¢

<

3. Using the Touchpad, we can scroll across to see more
of the matrix and compare the value from Euler’s
method to the exact value of the solution in this
case.Define the function f1(x) as the solution of the
differential from section 16.6, as

3
fl(x)= LeS +2X 2 and complete as shown.
9(@*) 3 9

- A

1. 0875 096875 111719 1 27¢

Done
14 2x 2
Define ﬂ(\')- -2 +—§--—
3 2 9
9 (f")
71(3) 1 55556
—+1.77778
e’

<
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16.8 How to plot slope fields for a differential equation

1. To sketch the slope fields for a differential equation, R 1: Actions N
insert a Graph page and press: 5 2: View »

* MENU (menu) #:3: Graph Entry/Edit ¥\ 1: Function
¢ 3: Graph Entry/Edit @ % 4: Window / Zoom » i 2: Equation »
. [, S: Trace p| A4 3: Parametric
* 7:Diff Eq @ \!'6: Analyze Graph P 4: Polar '
bk S: Scatter Plot *;’g'
o4 8: Geometry p| = 6: Sequence »

19

111 9: Settings...

667 ¢

2. To sketch the slope fields for % =2x-3y, y(1)=2,

complete as shown, then click on the ellipsis (three Myt "= 33y
dots, ...). by Edit ParameterX
Gayle: (1 ,E) ~ =
Note the syntax: y1’ = 2x — 3yl with the initial
[
conditions (xo ,yo) =(1,2). |
F10 [ 1 10
L
i
6.67 ¢

3. Choose the solution method as Euler and tab
down to fill in the parameters as shown.

Solution Memodl Euler lA

Iterations Between Plot Step

U
L [ T

’-
i Axes ;

X
v

|0K; ‘.Canceuli
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4. Set the window settings as shown, press the tab key

, select OK and press the enter key .

XMin: |_4 £
XMax: [4
xScale: | 1 [ »
YMin: | -4 '
—t—t Y
10 YMax: | 10 10
YScale: Lz [ » |
ok | fCance.l

5. The slope field appears along with the particular
curve passing through the initial conditions.

10"

[

dy

16.9 How to find the numerical solution of a differential equation

¥ 1: Actions ﬂ

1. Add another Calculator page to the document. To find
the value of y when x = 3 for the differential equation

. b5 2: Number
ﬂ = COS(—) s y(l) =2, press: \= 3: Algebra 6: Product
dx x {4 Calculus |7: Function Minimum

* MENU (meny)
* 4: Calculus @

+ F: Numerical Calculations [F]

* 3: Numerical Integral @

{ 6: Statistics
[2817: Matrix &

@ S: Probability{®: Function Maximum

9: Tangent Line
A:Normal Line

1: Numerical Derivative at a Point

2: Central Difference Quotient with Step »
3: Numerical Integral er
4: Numerical Function Minimum

5: Numerical Function Maximum »
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2. Complete the entry line as:

nInt(cos(%),x,1,3)+2 1 367977
nintjcos|=|x 1,3|+2
X

Press the enter key .

Note: The General Settings for Angle must be in
Radians.
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CHAPTER 17

Vernier Dataquest

This chapter deals with using the Vernier Dataquest.

171 How to set up, run and view experimental data

The Vernier Dataquest is used to collect, view, analyse and set up mathematical models for real-life data. To use the
Vernier Dataquest you must connect a sensor or probe to the handheld device. There are different types of sensors,
such as temperature, light, pH, voltage, motion detectors and radiation monitors. In the experiment that follows, we
will place a motion detector in front of a swinging pendulum as shown below and record the position of the bob over
a period of time.

1. Start a new document and select the Vernier
DataQuest and press ENTER . Alternatively,

when a probe or sensor is attached, the Vernier
application opens automatically.

4

rocene ®

Add Vernier DataQuestt N¢
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2. To begin a new experiment, press:

» T3S ¥
« MENU 1("2: Dafa |
 1: Experiment @ Q 5 Vie\;v
+ 1: New Experiment @ A 6: Options

- Exnanmean
: Experime

’ }
"S: Extend Collection (8 s)

9: Set Up Sensors »
A: Advanced Setup »

3. Before actually starting the experiment, we must
decide how often we will collect the data. For this
motion detector, we will use a time-based collection.
To do this, press:

« MENU
¢ 1: Experiment @
7: Collection Mode @

ent of 1: New Experiment
" 2: Start Collection

)

"S: Extend Collection (8 s)

:;!

3: Selected Events Up Sensors
4: Photogate Timing  fanced Setup
S: Drop Counting

0 B\

»

¢ 1: Time Based @

4. Here we can choose between the rate (samples/
second) or interval (seconds/sample ) and the

duration in seconds of the experiment. Note the Rate (samples/second) _] A
rate and interval are just reciprocals of each other. Rate (samples/second)
For this experiment we will collect the position
of the bob at a rate of 20 samples per second, for IZO I
5 seconds, so overall we will collect 101 data points. Interval (seconds/sample) 0 05
Duration (seconds). [5 ]
Number of points: 101
T maie Ak e

5. We are now ready to start the experiment. Position
the bob of the pendulum, when hanging vertically at
rest, approximately 25 cm from the motion detector.
Set the bob in motion (as shown in the picture on
page 209). Then press:

¥ 3: Graph
2 4: Anatyze
%, 5: View

4 6: Options

8: Collection Setup

+ MENU ¢
* 1: Experiment @ 9: Set Up Sensors ’
:Advanced Setup »

» 2: Start Collection @ 0 00 m/is S JTCA r‘ V*LJBV}
>
0

Alternatively, click on the green start button in the
bottom left corner of the screen. m o —
X (%) 400
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6. There are three different ways to view the results of
the experiment over time: a metre, a graph or a table
view. To see the metre view, press:

« MENU

Me Meter View

Time Based
e 5:View @ Rate:

20 samples/
* 1: Metre @ Duration:
Alternatively, click on the Metre View icon. Ss

Notice that the position of the bob is measured in
metres, and its velocity is measured in m/s.

7. As time progresses, these views automatically
update. To view the graph view, press:

+ MENU
e 5:View @ Time g
=

S00¢ a
* 2: Graph @ eoPosition S
Alternatively, click on the Graph View icon. 0245m 'R ; A A

. OVelocity \ /ﬁ\ l/k{ \

Note that if a temperature probe was attached, the -0.29 mie § 1\ - I/ . [ & il A
Vernier application would automatically measure the 3 \g \ﬁ’ “\ JP \\/
temperature. It automatically measures quantities -1.00
and displays appropriate units for the connected 0 Time (2) 5.00

probe. There are however options to choose between
appropriate measurable units, for example feet or
metres.

8. To view the table view, press:

« MENU M runi

~
« 5:View (5) Yrunl Table View e TPosition | Velocity .
Time (s) [
¢ 3: Table @ Position (m) 1 005 0225 074
Alternatively, click on the Table View icon. Veloony: { 2 010 0.265 064
Acc (mis")
Note that the time, position, velocity and 3 015 0.300 05
acceleration of the bob has been recorded. This 4 0.20 0314 04
data has been stored in variables called runl.time,
runl.position, runl.velocity and runl.acceleration. S 025 0331 0y
We could perform another run of the experiment, O PR gl = 4 v

and if we did, this new data set would be stored as
run2... for each of these four quantities. The current
time and position are stored in the variables metre.
time and metre.position respectively.
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17.2 How to store and analyse the collected data

1. Note that there are options to extend, replay or stop [ 1 Expenment o] 1: New Experiment
the experiment. To store the data set, press: 2: Data *12: Start Collection
 MENU (gon) & :
%, 5: View s ~
. 1. . © ; S: Extend Collection (8 s)
1: Experiment @ , 6: Options W|6: Replay |
¢ 3: Store Data Set @ 7 t‘"v‘ts 7: Collection Mode »
Ace (mis®) 8: Collection Setup
3 9: Set Up Sensors »
A: Advanced Setup »
4 020 0314 0,39
S 025 03N 03y
‘.’ Eobnlld, et xn\ P ’ ;
T FE R
. doc @) -
. | Save In:lMyDocuments j ez »
e 1: File @ Name Type Size
e 5:Save As . | Examples Folder i
@ | images Folder .
Give it the file name ‘Pendulum Data’ as shown. » MyLib Folder
|9 Screen Captures Folder S
File Name: LPendulum Data I
s | Savel| Cancel

3. The Vernier DataQuest has already graphed the
data and has provisions for performing regression
analysis. We can also graph the data on a Data &
Statistics page. Open a Data & Statistics page by
pressing:

o ctrl@
o doc

* 5:Data & Statistics @ 0.14 ] A
Tab to the horizontal axis and select L
runl.time. Tab to the vertical axis and select

runl.position. Colour and connect the data points as
described in chapter 13.

00 10 20 30 40 50
runi.time
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4. Open another Data & Statistics page. This time,

draw the velocity—time graph. Colour and connect
the data points.
é.
Q
L
S 004
=
e
-0.64
k
1 g ] X l. - L] g I_ b T
00 10 20 30 40 50
runl.time
5. These graphs look like sine waves. Go back to the E 1: Plot Type »

page for the position—time graph and press:

« MENU
* 4: Analyze @
* 6: Regression @

A: Show Sinusoidal [z]

% 2: Plot Properties »

B8 &

Movable Line

how Linear (mx+b)
Show Linear (a+bx)
Show Median-Median
Show Quadratic
Show Cubic

Show Quartic

Show Power ression »
Show Exponential '
: Show Logarithmic

Function

>‘°9§’.\.’§-’.":~€‘.‘?S':’!‘:’::‘

\; Show Sinusoidal
: Show Logistic (d=0) bh Trace
C: Show Logistic (d#0) wurrre
. The green graph shown is E 13 , 1 p

y=0.1165sin(5.5293x — 0.4196) + 0.2405. '
What is the significance of the numbers 0.1165, 0.32
5.5293 and 0.2404 in relation to the graph and to the S
motion of the bob? In this experiment the length of £ 0.26
the pendulum was 32 cm; how is this related to the 8,

9 ) —
numbers above? S 0.20

208 ,.\.4 0 ‘2 D¢ |+u

.2

0.0 1’.0 20 30 40 50
runl.time

. Repeat the sinusoidal regression analysis on the
velocity—time graph, The pink graph shown is
y=0.6305sin(5.5320x +1.1465)— 0.0007.

What is the significance of these numbers and

what is the relationship between these graphs?
Further investigations and a graph of time versus
acceleration can also be carried out as described
above. What is the relationship between these graphs
and what is the relationship between position,
velocity and acceleration?

runi.velocity
o
o
L

£305-sinlS 5320 x+1 T465)+-0 0007 [N

T v T | v T d = S |

00 10 20 30 40 50
runi.time
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CHAPTER 18

Further graphing techniques

This chapter deals with further graphing techniques.

18.1 How to plot families of functions

1. Start a new document and add a Graphs page. To
graph a family of functions where each graph differs
by one or more parameters, complete the function fl (\')-xi-{ -4,-2,0, 2,4} =
entry line as:

f1x) = x+(4,-2,0,2,4) o
Notice that there are five graphs plotted. These are / - '
the graphs of: 2 o v

y=x-4

y=x-2
y=x
y=x+2

y=x+4.

2. On a new Graphs page, complete the function entry
line as:

F1(x) = {=2,-1,1,2)x% +{=3,—1,1,3} E 2()=f-2.-1,1,2} x2+{-3.-1, 1,3}1

Notice that this time four graphs are plotted. These
are the graphs of

y=-2x*-3

y= -x’-1 [4
y=x+1
y=2x*+3
Note also that the graphing window has been changed 134

to show more of the graphs.

18.2 How to plot parametric graphs

Parametric graphs are described by x = f(¢) and y= g(¢), where ¢ is called a parameter. As the value of ¢ changes,
both x and y change; this then traces out a curve in the Cartesian plane.
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1. Start with a new document and add a Graphs page. R 1: Actions >

To sketch parametric graphs, press: B 2: View N

* MENU (mend) A3 Graph Entiy/Edit #{ V- 1: Function |-

« 3: Graph Entry/Edit (3) % 4: Window / Zoom  »{® 2: Equation
/5, S: Trace [ BN 5. Parametric

e 3: Parametric @ \! 6: Analyze Graph »|<¥ 4: Polar

INL: 5t Scatter Plot  [+%
A 8: Geometry 5 ;‘?6: Sequence b
{1 9: Settings... = 7: DiftEq

6.67 1

2. As an example, to plot the graph of x = sin(¢) and
y = cos(3t), complete the entry line as shown, then m m
XI\t)=sint
press the enter key .@m _ )5
[ {p1()=cos(2)
05:56 28 tsiep=0 1]

14

3"’-

S e R R S 5

667 1

3. Change to the viewing window as shown. Fm

Note that the Graphing Angle in the Graphs and o
Geometry Settings must be set to Radians. o I =15
XMax: |15
XScale: [1 :‘
YMin: | -2 .
t——t—t [ = bt
10 YMax: |2 10
YScale: I1 J
ok il cancel

4. The graph is shown. Move the label to a suitable
position.

> A

“1* {xl (¢)=sinle)

yl(r)=cos(3 )

]
[
o

1.5
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18.3 How to plot polar graphs

Polar graphs are described by r = f(0) where x = rcos(6) and y = rsin(8). A point in the plane is described by
[r,6]=[r,0+2x]; as both r and 6 change, x and y change and the path is traced out.

1. Start with a new document and add a Graphs page.
To sketch polar graphs, press:

« MENU (menu)

¢ 3: Graph Entry/Edit @

¢ 4: Polar @

k 1: Actions 3
5 2: View 3

++- 3: Graph Entry/Edit »
X 4: Window / Zoom »
/1, S: Trace I
\!'6: Analyze Graph »

»

+5 8: Geometry 3

4 1: Function
© 2: Equation
A 3: Parametric

g4 Polar |

»

k= S: Scatter Plot ,’(‘;'

26 Sequence »

1O 7: Diff Eq

111 9: Settings...

667 ¢

2. As an example, to plot the graph of r = 3cos(46),
complete the entry line as shown, then press the enter

key .

Note: To insert 0, press @ and use the Touchpad.

o {rl(&)- 3cos(4d

0<6<6 28 Bstep=0 13

il

F10

-6.67

3. Change to the viewing window as shown.

Note that these window settings preserve the
squareness and aspect ratio of the graphing window.
The Graphing Angle in the Graphs and Geometry
Settings must be set to Radians.

XMin: l_s

XMax.: |5

XScale: [ 1

YMin: l -3.33

T YMax:[3 33

YScale: [ 1

ok |

|Cancel
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4. The graph is shown. Move the label to a suitable
position.

1334,

rl(B)-Z cos(4 6)

)

e

e

18.4 How to plot sequence graphs

1. Start with a new document and add a Graphs page.
To sketch a sequence graph, press:

« MENU (menu)

e 3: Graph Entry/Edit @

e 6: Sequence@
* 1: Sequence @

k 1: Actions 3
5 2: View 13
++- 3: Graph Entry/Edit »

Y& 4;: Window / Zoom »

4L 1: Function
© 2. Equation »

/%, 5: Trace »{ 4 3: Parametric

V4 6: Analyze Graph M 4: Polar '
bl S: Scatter Plot *fa'

o8 4‘& eqQuUe -:Q-& semce 13

o }E"-’. 2:7€ustom |S 7: Diff Eq

667 ¢

2. As an example, plot the sequence graph of
u(n)=u(n—1)+u(n-2) with u(1)=1 and u(2)=1.

Complete the entry line as shown, then press the enter u(n)=u 1(n=1)+21(n-2)
key , L] {Imaal Terms -1,1] =
15n<99 nstep=1
14
10 1 10
667 1
Further graphing techniques 219



3. Change to the viewing window as shown.

[ ET——

XMin: [_1
XMax: []0
XScale: l, j
P Y| -5 §+ul (%
10 YMax: |35 10
YScale: Ls :l
oK | itance.l

4. The sequence graph is shown.

5+ .
P4 9 : X
. 1 16
5. To see the table of values, press: R 1: Actions N.
+ MENU 54 2: View "

* 7: Table @

¢ 1: Split-screen Table @

A 3: Graph Entry/Edit »
¥ 4: Window / Zoom »
/5, S: Trace I

\! 6: Analyze Graph »
7: Table 1: Split-screen Table (Ctri+T)
+5 8: Geometry

111 O: Settings. ..

.

g 0

L 1

6.

A table of values is shown. Note that u(9) =34 and
that this sequence is the Fibonacci sequence.

{1,1,2,3,5,8,13,21,34, ... }

5§, *In ulln)=VY =
f ul () =ul(n-1)+y u1(n-1)+.:
-
. a
o
54 9
s :

il ee? % - =L
S1B! 10054 Id bI
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7. Add a Lists and Spreadsheet page to the document. = 1: Actions  »
With the cursor in the first column, press: &> Insert >

« MENU 1353 Data 1. Generate Sequence
. 3 Data@ \ 4: Statistics P§2: Data Capture »

S: Table 4 ERE
* 1: Generate Sequence @ | —

S: Random >

| | |6: List Math »
4 7: List Operations b

8. Complete as shown, then tab to OK and press

the enter key .

I

L4 “ Formuta: u= [ yin-1)+u(n-2) 'l.

=1 intiat Terms: [1 s

1 ’ no: | 1

2] | nMax: [10

3 [ nStep: [1

4| | Celling Value: [so

S| | o?g Cancel &
; ——0

9. The values of the sequence are displayed in the
column. Again note that u(9) = 34.

! . i |
= =seqgen(u
‘; + 8.
7 13
. 21
® 34
10 ]
9|l =24 I 4 > I
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18.5 How to plot 3-dimensional surfaces

1. In 3 dimensions, the equation z = f(x,y) represents a k1 Actio@

surface. Start with a new document and add a Graphs 32 VW

page. To plot 3-dimensional graphs, press: % 3: Grag 2: Plane Geometry

* MENU (menu) PRI ;2D Graphing

* 2:View (2) /%, S: Trac|l.

_ ¥46: AnalfL, S5: Hide Axes

* 3:3D Graphing @ HE6: Grid >
oA 8 Geofks 7: Hide Entry Line (Ctri+G)
i1 9: Settil 2 8: Hide Axes End Values

9: Hide Object Selection Guides

6671

2. As an example, plot the 3 dimensional surface for

z=4 sin(%)cos(%), complete the entry line as

shown, then press the enter key .

Note that the Graphing Angle in the Graphs and
Geometry Settings must be set to Radians.

3. There are many options to choose. We can view the
surface as surface only, surface with wire, or wire
only. We can change the fill colour or line colour
and change the levels of transparency. We can view
different orientations such as x—y, y—z or z—y, magnify
or shrink the box, and choose range or window
settings. Pressing the arrow keys will rotate the
views.
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4. Hide the box and press:

« MENU @
e 2:View @
* 4:Hide Box (4).

5. Now press:

* MENU (menu)
. 1:Acti0ns®

¢ 8: Auto Rotation .

k 1: Actions

152: View

& 3: 3D Graph Entry/E|
#14; Range/Zoom

% 5: Trace

11l 6: Settings. ..

k 1: Pointer
¥.2: Rotate (
® 3: Hide/Show

== 4: Attributes

= 5: Set Conditions
€ 6: Delete all
W 7: Insert Slider
BN 8: Auto Rotation  (a)

6. Watch as the surface automatically rotates; note the
position of the x-y-z axes in the top right corner of the

screen. Press the escape key to stop the rotation.
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18.6 How to insert images

1. Images may be inserted into Graphs, Geometry, Data
& Statistics, Notes or Question pages. The image
file type may be .jpg (Joint Photographic Experts
Group), .bmp (Device-independent Bitmap), or .png
(Portable Network Graphics). Although it is not
possible to insert an image directly onto a document
on a handheld, it is possible to insert an image onto
a document on the computer software, save the
document, and then transfer the saved document onto
the handheld or transfer this file to other handhelds.
Then it is possible to open the document containing
the image. The image shown has been inserted onto a
Geometry page.

2. Images can be viewed in split screens. To do
this, press:

+ doc
¢ 5:Page Layout @
e 2: Select Layout @

e 2: Layout 2 @

*Unsaved <

Documents

: File
2: Edit
3: View
4: Insert

5: bélé‘te A‘;’)blic‘atiénv
6: Delete Page

|'_.v..;5;. (Ciri+4

Lnaroup (Ctri+€

3. Although there can only be one image per page,
images can be resized, moved or deleted. To do this,

press:
+ MENU
o 1 Aot L 6: Analyz{ml 6: Text

1z Actions (1) 2”7_ Points [+ 7: Coordinates and Equations
* 2:Select (2) { 8: Measufab 8: Calculate

. m;",;g: Redefine
* 2:Image (2). ?A Conetrl® A Insert Slider

..» B: Transformation »

C:Hints
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4. Images may be used with Notes or Question
and Answer templates for further mathematical
investigations.

18.7 How to create a locus of points

Given a point F and a line d, follow the steps below to construct the locus of a point P. To do this, place a point D
on the line d, construct the perpendicular to d through D, and then construct the perpendicular bisector of FD.
The point P is the intersection of these two lines. The ideas below build upon the geometry aspects introduced in

Chapter 8.

1. Open a new document and insert a Graphs page.

Draw the line y = —1 by completing the function entry

A
667%y

line as f1(x)=—1.
14+
et o +—e
F10 1 10
£1(x)=-1
6671
2. Now place a point on this line. To do this, press: Rk 1: Actions N
* MENU (menu) 50 2: View 4"
* 8: Geometry * 1: Point

¢ 1: Points & lines @

¢ 2:Point On @

—x 3: Intersection Point(s)

—4: Line

~— 5. Segment
~—6: Ray

7% 7: Tangent
~ 8: Vector

(™ 9: Circle arc

: Points & Lines »
: Shapes »
: Measurement »
: Construction b
: Transformation »
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3. Move over the line and press the click key or the

enter key to place the point on the line. Hover
over the coordinates, then press:

o ctrl@
* MENU (menu)
* 3:Hide (3).

To hide the coordinates of the point, also hide the
equation for the label for the line.

A AT T
1:Recent ’
2:Attributes

4:Delete

s+ 6:Variables ,
10 7:Pin 3
8:Attach

A:Conditions. ..

667 T

. Press:

. ctrl@
. MENU
* 2:Label (2).

In the text box that appears, label the point as D.

3:Attributes

4:Hide

S5:Delete

6:Redefine

7:Coordinates and Equations | . . . x
F10 |8:Measurement ’ 10
9:Geometry Trace

A:Pin

B:Color ’
C:Conditions. ..

6 67{?

. Using the above steps, place another point on the
y-axis, this time at the exact point (0, 1). Hide the

\
coordinates and label this point as F. L 2
r
.
-
5
1¢F
10 1 3K 10
L D
!
L
6.67 1
. ctrl@ 1:Recent ’
2:Label
* MENU (menu) 3:Attributes
. AP @ 4:Hide
: Pin (A]. S5:Delete
Then select the point F and repeat for the line. Doing gfgede'!ne dE ; )
this will ensure that the point F and the line cannot be crEm ey |~ HOISIBEES SN ting | 3
. 10 8:Measurement R ()
moved. 9:Geometti Trace
B:Color 1
C:Conditions...
6.67 {'
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7. Now draw a line through D perpendicular to the line

y=—1or parallel to the y-axis. To do this press:

MENU
8: Geometry

¢ 4: Construction @

2: Parallel (2).

k 1: Actions 3
S 2: View n
A 3: Graph Entry/Edit »

_\-1: Perpendicular
= 2 Parallel

A 3: Perpendicular Bisector
£~ 4: Angle Bisector

oints & Lines »

.+* 5: Midpoint Shapes »
\.{6: Locus Measurement b
%5 7: Compass onstruction »

2% 8: Measurement transfer  Fransformation »

8. Click on the point D, then click on the y-axis. Press *Doc -
enter , then press escape to exit this tool. 2{ 6678y
axis y
10 ,
F10 1 10
D
6.67
9. Next we need to construct a line segment from F to Rk 1: Actions »
D. To do this press: B 2: View e
+ MENU e
* 1: Poin
e 8: Geometry — 2: Point On
¢ 1: Points & Lines @ o 3: Intersection Point(s) l
—~4: Line C
e 5 t R q 3
Segmen @ 5 : Points & Lines »
Click on the point F, then click on the point D, and —6: Ray : Shapes »
then press escape - 7 7: Tangent : Measurement »
~~ 8: Vector : Construction  »
(™ 9: Circle arc : Transformation »
10. Now press: R 1: Actions >
* MENU (menv) 52: View "

¢ 8: Geometry

¢ 4: Construction @
¢ 3: Perpendicular Bisector @
Click on the point F, then click on the point D, and

then press escape .

A 3: Graph Entry/Edit »

_\-1: Perpendicular
- 2: Parallel

B 3 Perpe g

£~ 4: Angle Bisector oints & Lines »
.+* 5: Midpoint Shapes »
\46: Locus Measurement b

%5 7: Compass

2% 8: Measurement transfer  Fransformation »
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11.

To find the intersection point of this perpendicular
bisector and the line through D parallel to the y-axis
or perpendicular to the line y = —1, press:

« MENU (meny)
* 8: Geometry

¢ 1: Points & Lines @
¢ 3: Intersection Point(s) @
Click on both these lines, then press enter and

then escape .

k 1: Actions 3 -
S 2: View rL,

* 1: Point

- 2: Point On
P 3 Intersection Point(s)

—4: Line

— 5: Segment : Points & Lines »
~—6: Ray : Shapes »
7\ 7: Tangent : Measurement »
-~ 8: Vector : Construction »
(™ 9: Circle arc : Transformation »

12.

The point of intersection will be shown.

F10 1 10
»/ D
667 ¢
13. Now label this newly found intersection point P, as R 1: Actions N
described as above. Note that we can drag and move B 2: View N
the point D along the line and watch as the point P ' g
moves. We can trace the locus of the point P as we s 3: Graph Entry/Edit » /+/
move the point D. To do this, press: ' 4: Window / Zoom _b| 12
/1, 5: Trace /5, 1: Graph Trace

* MENU (menu)
LII-H Trace@

* 4: Geometry Trace @

\! 6: Analyze Gi45: 2: Trace All

7: Table
+5 8: Geometry &
111 9: Settings... T

6671

14.

Click on the point P and then drag and move the
point D along the red line y = —1. The black set of
points is traced out.

This locus is in fact a parabola, and the construction
used above is one definition of a parabola. That is, the
distance from F to P is always equal to the distance
from D to P. We could verify that these distances are
always equal using the measurement and length tool.
The point F is called the focus, and the line through
D is called the directrix. Save this document and give
it the name ‘Parabola Locus’.

r——t

6.67
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15. To verify that the set of points is indeed a parabola

11
2
and that its equation is y = XT, press tab anczl 6674y /x‘
enter this function on the entry line as f2(x)= XT / il )asic
4
P
16F
* e — —?—'—H—t‘—'@"&
F10 1 10
/o
A
667 1
16. To erase the geometry trace, press: k 1: Actions »
« MENU B 2: View »

e 5 Trace@

* 5: Erase Geometry Trace @

A 3: Graph Entry/Edit »
% 4: Window / Zoom _ »|
/7, 5: Trace /%, 1: Graph Trace
V1 6: Analyze G{45 2: Trace All

7: Table % 3: Trace Step...
o4.8: Geometry | & 4: Geometry Trace
111 9: Settings... Pt o Erase Geomelry Trace

667 1
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CHAPTER 19

Programming with the
TI-Nspire CAS calculator

The TI-Nspire can create programs or functions. A function must return something like a value, a list or an expression,
and can be used in any application. A created function can therefore be used just like any intrinsic function, such as
cos(x). A program can also output a value, a list or an expression, but it can be used only within the Calculator page.

19.1 How to write a user-defined function

1. To write a function to find the volume of cone of ¥, 1: Actions
height 4 and radius r, open a new document and add 405 2: Number
a Calculator page. Then press: \= 3: Algebra
{9 4: Calculus
* MENU @ 5: Probability
{_6: Statistics

* 1:Actions (1) ng] 7: Matrix & Vector
:Finance

e 1: Define @ g F

‘Hints

" Program Editor

-na e

Complete the entry line as: 9 A S: Control »
Define volcone(r,h)= Ig Jgnsfer :
8: Mode ¥
9: Add New Line
2. Press: ¥, 1: Actions
4.5 2: Number
* MENU \= 3: Algebra
* 9: Functions & Programs @ ’:g gra(:‘t:)ta’lbuiﬁty
e 2: Func...EndFunc @ | 6: Statistics
@g] 7: Matrix & Vector
4 8: F'ce
A ints
|6: Transfer
7: /O
8: Mode
9: Add New Line

230 Maths Quest Manual for the TI-Nspire CAS calculator



3. The basic template for the function has been entered.
Save the document and give it the file name ‘Volume
of Cone’.

Define mlconef.r,}z:'- Func

EndFunc

0/99|

4. With the cursor under the word Func, press: ¥, 1: Actions
b5 2: Number »
* MENU (men) = 3: Algebra » 2
* 9: Functions & Programs {9 4: Calculus "
et 8 @ @ 5: Probability »
e 6: Transfer@ { 6: Statistics »: .
gg*@]7: Matrix & Vector  [1: Program Editor —»
e 1: Return ®. -8: Finance 2: Func...EndFunc
9 Funi 3: Prgm...EndPrgm
fu— 4: Local
€ A: Hint 5: Control >
6: Transfer »
71O »
S: GoTo Lbl  I8: Mode »
6: Stop 9: Add New Line

5. Typein nr*h/3.

Note: Do not use the division template. Remember to Define volconelri)=Func
include the multiplication signs between variables. Rtz 2. 4
etum w7 A3
EndFunc
k

0/99|
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6. Press:

. ENTER
L4 var
« ENTER .

Complete the entry line as:
volcone(3,5)

Save the document by pressing:

. ctrl
« S[s]

This finds the volume of a cone of radius 3 and
height 5.

Define mlcone‘:r,h:'- Func Done
Retum e
EndFunc
volconel 3, S) 15
|
2&9]

7. In section 7.2, we defined the hybrid function

x forx<0
f(x)=<x+1 for0<x<?2

5—-x forx=>2

We will now write a user-defined function for
this function. Open a new document and add a
Calculator page. Open the basic template for the
Defined function f (x) and save the document,
giving it the file name ‘Hybrid’.

Define;(,x = Func

EndFunc

099 |
8. Press: ¥y 1: Actions
+52: Number
 MENU (@) - M : A
) 11 »
* 9 Functlons&Programs@ 2: If.. . Then...Endlf
2:If...Then... Al
* 5: Control
@ 4: Elself...Then ’

¢ 3:1f...Then...Else...EndIf (3).

S For...éhdFor
6: While. . .EndWhile
7: Loop...EndLoop

9: ClrErr
A:PassErmrr

B: errCode
C:warnCodes

8: Try...Else...EndTry

Mode
Add New Line

v v v v
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9. The screen opposite is shown. Now move the cursor

to the position shown.

Del'in-:-){r = Func
if | Then

Else

Endlf
EndFunc

0/9; I

10. Use the given templates to type in the keywords to

complete the function as shown.

—
=

o . Define Ax = Func =
Note: To make a new line in the function, press the If x<0 Then
new line character @ located to the right of the Rebiurii s
letter [U]. Else
If 0=x<2 Then
Retumn x+1
Else
Retum S-x
Endlf
EndIf v
0/99
11. We can test our function as shown and use it like
any other intrinsic function. We could differentiate o -
the function or include it in the function entry line EndIf ‘
in a Graphs page. :
Phis pag EndFunc
Aol 1
f( 1) 2
A2) 3
A3) 2
v
5199 |
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19.2 How to create, write, edit and run a program

1. To create a program, open a new document and add ¥, 1: Actions
a Calculator page, then press: -:»f 2: Number
. 3: Algebra
A
* MENU (menu) {94: Calculus
5: Probabili
* 9: Functions & Programs @ ?6: Statisti f
. E;f.l;] 7: Matri X Editor |
* 1: Program Editor @ .8 Fina 2: Func...EndFunc
119 F 3: Prgm...EndPrgm
e 1: New ( : ). . 4: Local
L dadnic 5: Control »
6: Transfer »
7: 1O ¥
8: Mode v
9: Add New Line
2. To write a program that simulates throwing two dice xR - -
a number of times and calculating the probability of -
doubles appearing, complete the following steps. —
Name the new program ‘Dice’. Leave Type as g
Program and leave Library Access as None. s [che
Use the tab key to select OK, then press Type
the enter key . Library Access: I None [
‘ \ai \Cancel|
099 |
3. The screen will split into two, with the Calculator 31
page on the left and the Program Editor on the right. -
* ~1 dice 01
Note: The basic template for the program is = =
already entered. Define dicel)-
Prgm
EndPrgm
| 0/99 ] -
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4. To write and edit the program in a full screen,

ungroup the pages by pressing:
* doc

e 5: Page Layout @

* 8: Ungroup .

Then press:

e ctrl

S

to return to the program on the Calculator page.

»
M=
»

»

6: Refres
7: Sefting
8: Login..
£ 9: Press+

1: Custom Split

3: Select App

v

6: Delete Page

| 099

2: Select Layout »

4: Swap Applications
S: Delete Application

(Ctri+K)

. Now, move the cursor to the line under Prgm and 1 1: Actions ’

press: J% Checkéyntax & Store »

1= 3: Define Variables
* MENU (men) 1. 4: Control 2: Define
. 5: Transfers 3: Delete Variable
* 3: Define Variables @ gG: IO 4: Func...EndFunc
e 1: Local @ 12 7: Mode S: Prgm...EndPrgm
8: Hints 6: Lock »

This is where we will type in the variables that will L 1

be used in the program. Variables can be global, that

is, their values will be known outside the program.

Local variables exist only while the program is

being run, and their values are deleted when the

program has finished running. -
. One variable that we need is maxthrows, which will 21012

be entered as the number of times to throw the dice 7 3

when the program is being run. Other variables are
diel and die2; these will be random numbers on a
single die. We will use n as the loop counter, and
doubles as a counter that will count the number of
times that doubles appears. Type these variables,
separated by commas, after the word ‘Local’ as
shown opposite.

Under the local variables, enter:
doubles:=0

to initialise the value of the variable doubles to zero
when the program is run.

Define dicel)=
Prgm

Local maxthrows
Local diel, die2
Local doubles,n
doubles: =0

EndPrgm
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7. To enter the value of maxthrows while the program [91 1: Actions
is being run, press: 2: Check Syntax & Store »
i= 3: Define Variables
+ MENU o) :

. 4: Control ’ A
@ S: Transfers »
- 6:1/0(6) % 6: 10 T Dp
149 7: Mode »
e 2: Request @ &31 Hints equest
Local doubles,n 4: Text
doubles: =0
EndPrgm
8. Complete the entry line as: 1012
Request "How many throws", maxthrows * dice
Note: You can use the Request command in a Define dlco()- .
program but not in a function. Prgm
Local maxthrows
Local diel, die2
Local doubles n
doubles: =0
Request "How many throws" maxthrows
EndPrgm
I &
9. To insert a loop into our program, press: :g 1: Actions ”
2: Check Syntax & Store »
MENU 1= 3: Define Variabl R 0 »
1t 4: Control I
* 4: Control @ ° S: Transfers 2. If...Then...Endif
I 6: 110 3: If...Then...Else.. EndIf
* 5:For...EndFor (5). 13 7: Mode 4; Elself...Then
Complete the entry line as: @ 8: Hints “While. .. Endwhile
Local doubles,n  |7. Lgop...EndLoop
For n,1,maxthrows i w0 & Try.. Elss.. EndTry
Notice that the commas and blank lines are already Request "How many9: ClrErr
inserted. i: g Pazs%rr
cerrCode
SRqingm C:warnCodes
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10. Now, press:

* catalog @

e 1 @

+ R[R].

Scroll using the Touchpad to the keyword randInt(.

The help at the bottom of the screen shows that this
will produce a random integer between lowBound

and upBound. Press the enter key to paste the
command into the program and move the cursor to
type in:

diel:=randInt(1,6)

This will simulate rolling our first die and produce
a random number between 1 and 6 inclusive.

11.

Repeat the procedure, or copy and edit the line as:
die2:=randInt(1,6)

for the second die.

Frgm ~
Local maxthrows
Local die ], die2
Local doubles.n
doubles: =0
Request "How many throws", maxthrows
For n, 1, maxthrows
die I-=randInt{ 16
die2: -randlnt( 16

<

12. Press:

* MENU (menu)
e 4: Control@
- (1)

(917 1; Actions Y
2: Check Syntax & Store »
3= 3: Define Variabl

1. 4: Control ,

@ S: Transfers 1f...Then...Endl

Ip 6: 110 3: If...Then...Else.. EndIf
12 7: Mode 4. Elself...Then

S: For...EndFor

%m— 6: While. .. EndWhile

diel-=randint( 1 6 7: Loop...EndLoop

die 2 =randInt 1,6 g E?Er ~rElse. ..EndTry

A:PassErmrr
EndFor B: errCode
EndPrgm Ci:warnCodes
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13.

Complete the entry line as:

119312
If diel=die2 * dice 10/11
doubles:=doubles+1 Local die], die2 (o3
Note: There is a difference between the stored or Loesl dou{)les,n
. . . doubles: =0
assigned equals to and the check in the single equals,
o . Request "How many throws", maxthrows
which is used as a comparison.
For n, 1, maxthrows
die I'=randInt{1,6
die 2 =randInt(1,6
If die I=die2
doubdles: -a'oubles+1] M
EndFor | v
14. Now, move the cursor after EndFor and insert a new [®1 1: Actions »
blank line. This is where we will display the output 2: Check Syntax & Store »
(the probability of doubles). Press: = ‘3;: geﬁne lVariablf.‘s »
K4 Contro 3 ~
* MENU ® S: Transfers ’ ‘
Ip 6: 11O :
- 6:1/0(6) 13 7: Mode : Request
. & Hints 3: RequestStr
¢ 1: Disp @ LA ey 4: Text
dre2.=randiInt 1,6/
If die I=die2
doubles: =doubles+1
EndFor
L
15. After Disp, type in: 31012
"Prob =", doubles/maxthrows * dice 1211
Cocal aoubies n ~
doubles: =0 ‘

Request "How many throws", maxthrows
For n, 1, maxthrows
dre I=randInt(1,6)
die2 =randInt(1,6)
If die I=die2
doubles: =doubles+1
EndFor
Disp "Prob = " doublesimaxthrows |

<

16.

Save the document by pressing:

o ctrl@
* Save .

This saves the document in the default folder, ‘My
Documents’. Give the document the name ‘Dice’.

Note that the document and program name do not
have to be the same. Our program is now complete.

e e

: Save In: [My Documents

Name Type Size
I P Examples Folder A
|9 Images Folder .
|'» Screen Captures Folder
1 areacrect Document 10K 5

File Name: | Dice

|
-ISTveAilll:ancel
R
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17.

We should check our syntax often. To do this, press:

* MENU (menu)

» 2: Check Syntax & Store @
* 1: Check Syntax & Store @

1 1: Actions

. 4: Control
@ S5: Transfers
I 6: /0

].J 7: Mode

)18: Hints

axthrows

v v v v

die2 =randInt(1,6)
If die I=die2
doubles: =doubles+1
EndFor

Disp "Prob = " doublesimaxthrows

18. The program has been stored successfully. We have 310112
also resaved the program; notice that the asterisk in e
front of the document name has disappeared. dice” stored successfully
Kequest "HOW many thiows ', Maxtirows ~
Now, provided you have typed the program in For . 1. maxthrows ‘
exactly as shown and there are no syntax errors, the die I'=randIntl 1.6)
program can be run. However, if you have syntax die2 =randIntl 1 6)
errors, you will be notified by an error message. You If die =die2
will have to identify the errors and correct them, doribles:adombisied
then save the document. EndFor
Disp "Prob = ,—22uBles
‘ maxthrows -
EndPrgm 1 -

19.

To run our saved and stored program, go to the
Calculator page by pressing:

e ctrl
L] ‘.

Now press:

i var
« ENTER .

This will paste dice() onto the Calculator page.

Press the enter key .

20.

While the program is running, we are prompted
by the Request statement for the value of the
variable maxthrows. Type 120 into the dialog box.

Use the tab key to select OK, then press the

enter key .

How many throws | 120

v

0/99|
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21.

The output of the program is shown. The output
could be different every time the program is

'11 12

run. Rerun the program again and again, typing Done a
dice() into the entry line. Use different values for dicel)
maxthrows, such as 600 and 6000. What value is the
answer for Prob approaching? How many throws 120
Prob = ..
120
Done I
A v
719 |
22. The program is available to be run only from within TACHoONS |1: New...
the saved document. Make the Program page the 3 2: Check S§2: Open...
active page by pressing: = 3: Define V|3: Import. ..
1. 4: Control |4: View...
* ctrl @) @ 5: Transferis; Create Copy...
) % 6: 110 6: Rename...
. 13 7: Mode
We can change the library access by pressing: ﬂ 8 Hints 3. Insert Comment
. 9: Find... (Ctri+F)
. i .
MENU g o:: Sl A.Find and Replace... (Ctri+H)
. L B: Go to Line (Ctri+G)
e 1: Actions @
Disp "Prob =
¢ 7: Change Library Access R \ D:Close
g ¥ @ EndPrgm v

23.

Using the Touchpad, choose LibPub (Show in
Catalog). Press the enter key , then select OK

and press the enter key again.

M| o '
"dice” stored successfully

Library Access: | ipPub (Show in Catalog) |

EndPrgm

‘Disp "Prob = '

v@l(:ancet’z
X

doubles
maxthrows

24.

Move the cursor to before the first Local, press the
enter key to insert a blank line, then press:

+ MENU

e 1:Actions @
¢ 8: Insert Comment .

2: Check S
3= 3: Define V
. 4: Control
@ S5: Transfer
I 6: 110
149 7: Mode

Local die 1, die]S: Find. .. (CtN+F)

T: New...

2: Open...

3: Import. ..

4: View...

S: Create Copy...

6: Rename...

7: Change Library Access...

Local doubles JA:Find and Replace...  (Ctrl+H)
doubles =0  |B:Go to Line (Ctri+G)
Request "How
For 7,1, maxtimD: Close

Aot mvanAd lnﬂ’ 1 A‘l v
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25.

Type a comment on that line, such as:

© Simulating Doubles

el 1.2
"dice” stored successfully

>

Define LibPub dicel)=

Prgm

ko Simulating Doubles |

Local maxthrows

Local die 1, die 2

Local doubles.n

doubles =0

Request "How many throws" maxthrows
Fornm, 1.rnax1hr9m

'
- . ha s

Z4fn

26.

We need to store the document in the folder MyLib
by pressing:

* doc (doc+)

11412

dice Do o A1
41: New Document (Ctrl+N
2: Open Document  (Ctrl+O
3: Close (Ctri+W
4: Save (Ctri+S

Define LibH
Prgm

© Simulatin
Local maxy
Local gre 7,
Local doubd, ‘
doubles =0l & 9: Press—to-Test  »
Request "How many throws" maxthrows
For n, 1. maxthrows

NP NBWN

7: View copyright information
1

27.

Save as the document as ‘Dice’, as before, but note
that it must be stored in the MyLib folder.

Save In: | MyLin e e
Name Type Size
1 Dice Document 3K

File Name: bnce }

]Save§ Cancel

I —

P ===

28.

Then refresh the libraries by pressing:

. doc

¢ 6: Refresh Libraries @

119812
dice Do : 1
: File » =
Define Libj  2: Edit ’
3: View v
m
gz lati 4: Insert v
e 5: Page Layout ,
Local maxt
Local dre 7, : Seftings & Status »
Local doud) 8: Login...
doubles =0 i\ 9: Press-to-Test »
Request "How many mrows",mathrom
Forn, L maxthrows o
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29. Now, when we open any document and add a
Calculator page, we can access the program Dice
from the catalog by pressing:

. catalog
* 6 @

Press the enter key to expand Current Problem.

30. We see that our comment is included as a help, and Xl sUinsaved PN
the program now behaves as any intrinsic application ' -
that can be run from any document. diceldicel

The program runs correctly, but what happens if we
enter 10.5 or a negative number in the dialog box

for maxthrows? The final full program has been How many throws [1 20 ]
modified slightly and is listed below. It now has a —
loop around the Request statement and will accept | OK !] |Canc el

L3

only a positive integer as input for the variable
maxthrows. However, if you enter an alphabetic
character, the program will crash and terminate with
error messages. /99 I

Define LibPub dice()=Prgm

© Simulating doubles

Local maxthrows

Local diel ,die2

Local doubles,n

doubles:=0

Loop

Request "How many throws" ,maxthrows
If iPart(maxthrows)=maxthrows and maxthrows>0
Goto validthrows

EndLoopLbl validthrows

For n,1,maxthrows

diel:=randInt(1,6)

die2:=randInt(1,6)

If diel=die2

doubles:=doubles+1

EndFor

Disp "Prob=",((doubles)/(maxthrows))
EndPrgm
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CHAPTER 20

Problem solving

20.1 Matrices and simultaneous equations
Question 1

When the polynomial x® +bx? +cx—12 is divided by x + 3, the remainder is 3. When it is divided by x — 2,
the remainder is —2. Find the values of b and c.

Question 2

Determine the values of p and ¢ for which the simultaneous equations
—8x+5y=7
px=3y=q
have:
(a) aunique solution

(b) an infinite number of solutions

(c) no solutions.

Question 3
Given the system of simultaneous equations
x—=2y+3z=4
2x=3y+2z=1
Bx+kiy-z=k
find the values of k for which the equations have:
(a) aunique solution
(b) no solution

(¢) an infinite number of solutions (in this case, find the solution).

Question 4

A cubic polynomial y = ax* +bx* +ex+d passes through the points (1, 64), (2, 45), (3, 24) and (4, 7).
Set up simultaneous equations for a, b, ¢ and d.

Find the inverse of an appropriate 4 x 4 matrix; hence, find the exact values of a, b, c and d.

Sketch the graph of y = ax® +bx* +ex +d, stating the coordinates of all the turning points.

20.2 Curve sketching

Question 1
(a) Find the values of k for which the graphs of y =2k —kxand y = x—x-1

(i) intersect at two points (ii) intersect at one point (iii) do not intersect.
(b) Find the values of b and k for which the graphs of y = kx and y = x> + bx + k*:

(i) intersect at two points (ii) intersect at one point (iii) do not intersect.
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Question 2

Given that the function f(x) = x° +bx? + cx +d crosses the y-axis at y = 2 and has a stationary point at (1, 3), find the
values of b, ¢ and d, and sketch the curve, finding all the turning points, axial cuts and the point of inflection.

Question 3

Sketch the graph of the function
2, x>2

f(x)=94-3x, 1<x<2
9+2x, x<'1

At what points is the function: (i) continuous? (i1) differentiable?

20.3 Calculus and function notation

Question 1

(a) Given that y = f(x)sin(2x) and ;l_y =2¢* (sin(2x) + cos(2x)), find the function f(x).
x

(b) If f(x)=¢"" and f’(x) = 3cos(3x)e"™, find the function A(x).

Question 2

Which of the functions A to D below satisfy each of the following?
(@) fla+b)=f(a)+ f(b)

() fla+b)=f(a)f(b)

(¢) flab)= f(a)+ f(b)

(d) f(ab)= f(a)f(b)

A f(x)=x

B. f(x)=¢"

C. f(x)=log,(x)

D. f(x)=x>

Question 3
Given the function

_A >2
f)=1@x=1*’

mx+11, x<2

find the values of A and m if fis a differentiable function.

Question 4
1

The tangent to the curve y = < at the point where x = a and a > 0 crosses the x-axis at R and crosses the y-axis at .

Show that the area of the triangle ROS, where O is the origin, is independent of a and always is equal to 2.

Question 5

(a) Sketch the graph of y = x° —8x% +4x+48, clearly showing the axial intercepts and the turning points. Determine
the equation of the tangent to the curve y = x® —8x? +4x+48 at the point where x = 5, and show that this tangent
intersects the curve at one of the x-intercepts.

+B

(b) Show that the tangent to the cubic y = (x — a)(x — B)(x —¥), where o < 8 <y, at the point where x = orp
crosses the x-axis at the point where x =y. 2
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Question 6
The area bounded by the curve y=ax + b — xz, the x-axis, x=1and x =2 1is 2%.

The area bounded by the curve y=ax+ b — x2, the x-axis, x=3 and x=51s 11%.
Find the values of a and b.

Question 7

The curve y = x> +bx? +cx+dhasa turning point at (2, 34).
The area bounded by the curve, the coordinate axes and the line x = 6 is 120 square units.
Find the values of b, ¢ and d.

Question 8

The curve y = x*+ax® +bx* +cx+dhasa turning point at (2, 1) and crosses the y-axis at y =17.
The area bounded by the curve, the coordinate axes and the line x =2 is 8% square units.
Find the values of a, b, ¢ and d.

Question 9
A rectangular garden patch has a length of 4 metres and a width of 3 metres as shown in the diagram below.

YA
3

rJ

b Concrete

Grass

X

0 1 2 3 4

Coordinate axes have been placed with the origin O at the bottom left-hand corner. The lower section is to
contain grass, and the upper section is to contain concrete. The patch is divided by a curve having the form

y = f(x). A straight-line path of distance s is required from the origin to a point P on the curve with coordinates
(u, f(u)), where 0 < u < 4. For each of the following models for f{x), determine:

(i) the values of a and b
(ii) the distance s as a function of u
(iii) the minimum distance s and the value of u for which it occurs
(iv) the area of the grassed region.
(@) f(x)=ax’+b
(b) f()=\ax?+b
() f(x)=a+be*
(d) f(x)=alog,(bx+5)
© f=a+—Lo

x=5
Which model gives the minimum distance for s? Which model gives the largest value for the grassed region?

Question 10
(a) Find and sketch the area bounded by the curve y =8x — x? =12 and the x-axis.

Draw the rectangle that passes through the points (2, 0), (6, 0), (6, 4) and (2, 4).

Show that the area of the parabolic region is % the area of the rectangle.
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(b) Consider the function f(x)=—(x — a)(x — B),where o > .
Find the area bounded by the graph of f(x) and the x-axis.
Given the points A(c,0) and B(3,0), let M be the coordinate of the maximum point on the graph of y = f(x).
The point C has the x-coordinate of A and the y-coordinate of M. The point D has the x-coordinate of B and
the y-coordinate of M.
Show that the area of the parabolic region is % the area of the rectangle ABCD.

20.4 Complex numbers

Question 1

(a) Sketch the graphs of each of the following pairs of quadratics on the one set of axes, stating the range and
coordinates of the turning point and any axial cuts.

What do you observe about the pairs of quadratic functions?
Investigate the exact complex roots and compare them with the roots of the other quadratic.
1 =x*—4x+13 and Vs =X’ +4x+5

(i) yy=x+6x+16 and y,=x"—6x—2
(i) y;=2x*-5x+9 and y,="2x"+5x+1

(b) Ify, = ax*+bx+c and Yy = “ax* —bx+k satisfy the same properties as above, assuming that a > 0, express ¢ in
terms of k, a and b. Using your relationships, verify your results to (i), (ii) and (iii) in part (a).

Question 2

Given that 4 + 5i is a root of the equation Db +cez+82= 0, find the values of the real constants b and ¢, and
find all the roots.

Question 3
Solve for z if z°> + 64i = 0.

20.5 Binomial theorem

Question 1 .

Find the value of d if the coefficient of x> in the expansion of (2x2 + i) is 76 300 000.
X

Question 2

8
In the expansion of (ax + é) , the term independent of x is 3 543750, and the coefficient of x? is 1701 000. Find the
X

values of a and b.

20.6 Probability
Question 1

In an examination, it is found that 20% of the students scored more than 75 marks, while 30% scored less than
40 marks. Assuming the test marks are normally distributed, find the mean and standard deviation of the scores,
correct to 1 decimal place.

Question 2

The probability density function of a continuous random variable X is given by

fx)= kxe?, x>0

0, otherwise.

(a) Show that k = i.
(b) Sketch the graph of f(x).
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(c) Find the mode.
(d) Find E(X).

(e) Find var(X).

(f) Find Pr(X > 4).
(g) Find the median.

20.7 Linear regression
Question 1
The prices and sizes of computer hard disks are given in the following table.

Size (GB) | 160 | 320 | 500 | 640 | 750 | 1000
Price $ 57 73 93 103 | 127 | 155

(a) Plot the price versus size, and find the linear equation of best fit.

(b) Does a quadratic or cubic function fit the data better?

Question 2
The following data gives the temperature, T °C, of a cup of coffee after # minutes.

Time (minutes) 0 1 2 3 4 5 6 7 8 9 10
Temperature (°C) | 75.5 75.0 | 73.0 | 71.5 70.0 | 68.5 67.0 | 65.5 64.5 63.0 | 62.0

Plot the data and model the temperature versus time as:

(a) alinear function, T =ar+b
(b) a quadratic function, 7' = at* + bt +c

(c) an exponential function, T = ab'.

20.8 Differential equations
Question 1

2
(a Ify=C x%e " satisfies the differential equation% + 6? +9y= 6¢=>", find the value of C.
X X

2
(b) If y = Ax*¢" is a solution of the differential equation Yok Dy g2y = Be ™™, show that B = 2A.
y q I d y
X X
Question 2

A simple model is given by % = kn?, n(0) = n,, where ny is the initial number of bacteria in the culture, and k and o

are constants.

(a) Find general expressions for the number of bacteria in the sample after a time ¢ hours in terms of k and n for the
cases when:

() a="1 (i) a=7% (i) a=1.

(b) Initially, the number of bacteria in the sample was found to be 16, and this number grows to 100 after 4 hours.
For each of the cases in part (a), find the value of k and sketch the graphs of n versus ¢ using an appropriate
domain. For each model, find and tabulate the number of bacteria present after 2, 4, 6, 8, 10 and 12 hours.
Realistically, the number of bacteria cannot rise beyond 200. Discuss your results and compare the limitations of
each model.

(c) A more sophisticated mathematical model for the rate at which the number of bacteria increases is given
by % = r(l — %)n, n(0) = n,, where ny is the initial number of bacteria in the culture, and k and r are constants.

(i) Using this model, show that the number of bacteria in the sample after a time ¢ hours is

. k

given by n = n(r)= —0°

ny +(k—nye "
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(i1) Given that k =200, the number of bacteria in the sample initially was 16 and this number grows to 100 after
23

1
4 hours, show that r = =1lo (—)
T 0%

(iii) Sketch the graph of n versus ¢, stating an upper limit for the number of bacteria. Using this model, find and
tabulate the number of bacteria present after 2, 4, 6, 8, 10 and 12 hours. Discuss your results.

(iv) Using this model, find at what time the number of bacteria is increasing the most rapidly. Explain this result
with reference to the graph.

Digital doc

Worked solutions
doc-7788
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