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LINEAR MODE VS MATH MODE
The 9860 has two operating modes: Linear Mode and Math Mode.

Linear Mode is the traditional mode of scientific calculators where calculations are entered
in a line, as seen opposite.

Fie™Ciala.22

[ Fulus]d/daddnidsg ot FoluH]

Math Mode allows the user to work with calculation entry that looks “natural’. This is often

termed natural input. It can be seen opposite.
erxdx

i ] Z | e

To set your 9860 to work in the mode you desire, enter the SET UP when in the RUNeMAT

(¥8) application. To do this press then [EMJ). You can then choose the option you
want.

nF

ode tCo
Frac Result idsc

Drayw Tyre tConnect
Deriwaliwe :0n

Angle tRad L
Math [Cing

Math Mode is the default setting for 9860’s using OS version 2.0 and later.

In this book all instructions assume you have your 9860 set to work in Math Mode.
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WORKING WITH STATISTICS
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NORMAL DISTRIBUTION

How do | find probabilities from normal distributions?

Example:

A certain brand and flavour of chip is sold in bags stamped as containing 125 grams. The
chips are delivered to each bag by a machine and the weight varies from packet to packet.
Let W denote the weight of the chips in a packet. The distribution W can be modeled by a
normal distribution with a mean of 125.8 grams and a standard deviation of 0.37 grams.

Determine the proportion of packets that will contain less than 125 grams of chips.

PROCESS

ACTION

DIAGRAM

COMMENTS

Enter the STAT application

(EE=D.

Press to access the
DISTribution menu.

List ||List afbist 3Lt uy

SUE

|
g
3
u

e

Press (F1) to access the NORMall
distribution menu.

List ||List B)List 3|t uy

SUE

|
g
3
u

Press [F2) to access NCD (normal
cumulative distribution)
function.

List ||List a|List 3Lt uy

ZLE

I
2
El
y

[Hed [Hcd [Tnud
Input the values. Press [exg after In this example, we want to
each entry. Hormal L. [ find P(W<125).

Qe E
grrer 18 The lower limit of -1E99 is
]
E e RosiHome 1 used to re_flgct the
[TEr_[Far characteristics of the normal
distribution.

Harmal C.D

Lawer f-1g+99 T i

EF"F"EF‘ :E‘EET To find P(120<W<125) set

P t125.8
Save FesiHone

CALC DEALS

Lower to 120 and Upper to
125.

Once complete, press (F1)

(or [xg) to CALCulate the
probability. The probability will
be displayed along with the
corresponding Z scores.

Alternatively, press to
DRAW the normal distribution
and shade the region of
interest, as well as display the
probability along with the
corresponding Z scores.

283
822

T
zilow=-2ES9 zillr=-2. |62

F=0.0153028354

Therefore, P(W<125) = 0.0153
(or 1.53%) - correct to 3
significant figures.

& Note that, when using some older operating systems, the use of -1 E 99 or 1 E 99 as the lower or
upper limit may at times result in the calculator returning Ma Error. Should this occur, use -1 E90 or 1 E
90 (or a similar suitably small or large number).
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INVERSE NORMAL

How do |
Example:

find a score,

given a normal probability value?

The height of all year 12 female students is assumed to be normally distributed with a mean
of 175 cm and a standard deviation of 6 cm.

Find how tall Elena is if she is taller than 95% of year 12 students?

PROCESS

ACTION

DIAGRAM

COMMENTS

Enter the STAT application

().

u_-

N HENU W

GRHF‘H |EI‘T'HF| TFlBLE REEUR

EGh | T.'H

{z4FF

CDHIES |EGL|F| F‘

Press (F5) to access the
DISTribution menu.

List ||List 8]List 3

Lift U

=

Press [F1) to access the NORMall
distribution menu.

List | |List 8|List 3

Lift U

ZLE

I
2
El
y

Press [F3] to access InvN
(inverse normal) function.

List ||List 2]List 3

List U

SUE

|
g
3
u

Hrd |Hcd [InuH

Input the values. Press [exg after
each entry.

Once complete, press (F1) (or
[Exg) to calculate the value of
the score.

Irvyerse Hormal
1 tLefl

al
Area
n’

1095
H)
H1TS

Save Res: Home

CALC

In this example, we want to
find x such that

P(X< x) = 0.95. So the area
we know is to the left of the
unknown score. Hence we set
the “Tail” setting to Left.
Had we wanted to compute
P(X>x) = 0.2, we would enter
0.2 for the area and set the
“Tail” setting to Right.

The value of the score will be
displayed.

Irwverse _Mormal

x=184.869122

Therefore, x = 185 cm correct
to 3 significant figures.
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CONFIDENCE INTERVALS FOR THE MEAN

How do | find a confidence interval for the population mean?

Example:

In 1990 a study was undertaken in which the body temperature of 130 healthy men from
one nation were measured. The mean temperature of the sample was found to be 36.8°C.
Let p be the mean body temperature of all healthy men from this particular nation in 1990.

Assuming the population standard deviation is 0.5°C, find a 95% confidence interval for p.

PROCESS

ACTION

DIAGRAM

COMMENTS

Enter the STAT application

(.

ZTRIH FENU 7272727

GRHF‘H DYNH

COMICE|EQUA  |FEGHM |TWM
@A_ﬁlﬂﬁd

Press to access the
INTRerval menu.

List ||List 2|List 3|List

SUE

|
g
3
u

JGRFHACALCTESTJIHT R JUT 5T I

Press [F1) to access the Z menu.

List ||List 2|List 3|List uy

Press (F1) to access the 1-S (one
sample) function.

List ||List 2|List 3|List uy

SUE

|
g
El
y

= [ [AF [EF

Press [F2) to select VARiable.

1-SamFrle £lnterwval

—Leve

[xg) to calculate the interval.

g tE
T HEl
n HEl
Sawe ResiHone 4
Lizt \rar
Input the values. Press [exg after Note that the standard
each entry. 1-Zamrle Zlnterwval deviation of the population is
C-Lewe S
d :a g entered, not the standard
Once complete, press (F1) (or x 7% error.

Save RestHone

CALC

The confidence interval will be
displayed.
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BINOMIAL DISTRIBUTION

How do | calculate probabilities (non-cumulative) from a

binomial distribution?

Example:

The label on each packet of a certain brand and flavour of chip states each bag contains
125 grams of chips. Suppose that 1.5% of all bags produced contain less than 125 grams of
chips. Let Y be the number of packets in the random sample that contain less than 125

grams of chips.

A random sample of 5 packets is selected. Use the binomial distribution to find the
probability that 2 packets will contain less than 125 grams of chips?

PROCESS
ACTION DIAGRAM COMMENTS
Enter the STAT application
() and then press @ to - List | |List 8] List 3]st u

access the distribution menu.

JGRPHACALCITESTJINTE, T

Press to access the
BINMomial distribution.

List ||List 2|List 3|List

Press (F1) to access Bpd
(binomial point distribution)
function.

List 1]List aList 3| List uy

SUE

=W —

Erd [Ecd |InuE

Press [F2) to select VARiable.

Binomial P.D

F :
Humtrial:@
ph .

Save RestHone
Execute

Lizt |\1ar

Input the values. Press [exg after
each entry.

Once complete, press (F1) (or
[Exg) to calculate the
probability.

Binomial P.D

Lata tlariable

x :

MHumLrial:s
10,6815

F
Save ResiHone
CHLEC

In this example, we want to
find P(Y=2), where

Y can be modeled by

B(5, 0.015).

The probability will be
displayed.

Binomial F.D
F=2.1583e -63

Therefore, P(Y=2) = 0.00215
or 0.215% (3 significant
figures).

© Zema, Harradine and Lupton, 2012

Page 9 of 40



How do | calculate probabilities (cumulative) from a binomial

distribution?
Example:

The label on each packet of a certain brand and flavour of chip states each bag contains
125 grams of chips. Suppose that 1.5% of all bags produced contain less than 125 grams of
chips. Let Y be the number of packets in the random sample that contain less than 125

grams of chips.

A random sample of 20 packets is selected. Use the binomial distribution to find the
probability that more than 2 packets will contain less than 125 grams of chips?

PROCESS
ACTION DIAGRAM COMMENTS
Enter the STAT application
() and then press @ to - List | |List 8] List 3]st u

access the distribution menu.

JGRPHACALCITESTJINTE, T

Press to access the
BINMomial distribution.

List ||List 2|List 3|List

SUE

|
g
3
u

Press (F2] to access Bed
(binomial cumulative
distribution) function.

List 1]List aList 3| List uy

|
H
3
u

Erd [Ecd |InuE

Press [F2) to select VARiable.

Binomial C.D

F :
Humtrial:@
ph .

Save RestHone
Execute

Lizt |\1ar

Input the values. Press [exg after
each entry.

Once complete, press (F1) (or
[Exg) to calculate the
probability.

Binomial C.D

Lata tlariable
x :
Mumtrial: 2@
F iH.6815
Save ResiHone

CALC

Binomial C.D
F=H. 995232191

The Bcd function only
calculates “less than or equal
to” probabilities.

In this example, we want to
find P(Y>2), where

Y can be modeled by

B(5, 0.015).

So first we must compute
P(Y<2) and then subtract
from 1.0

We can now compute 1- P(Ys<2).

1-8.99652191

B.88317589
n]
PUMEJDEL Jw A QMR TH
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CONFIDENCE

INTERVALS FOR THE PROPORTION

How do | find a confidence interval for the population

proportion?
Example:

The Gawler council decides to close Junction Road. A random sample of 401 residents from
Gawler was asked whether they thought the road should stay open. 212 of the 401 surveyed
said the road should stay open to traffic.

Calculate an approximate 95% confidence interval for the proportion of all Gawler residents
who thought the road should stay open.

PROCESS
ACTION DIAGRAM COMMENTS
Enter the STAT application
List | |List 2| List 3|List 4

(Z&=]) then press (F4) to access

the INTRerval option.

SUE

|
g
3
u

e

Press (F1) to access the Z menu.

List || List 8| List 3]st u
UE
I
2
3
y
[ =]t J
Press (F3] to access the 1-P (one
proportion) function. N List | |List a|List 3]st U
1
3
3
y

Input the values. Press [exg after

n
Sanve

CHLC

fdiEl
Fest MNone

each entry. 1-FroF FInterwval
x
n H
Sawve ResiHone
Execute
Once complete, press (F1 (or Note that x is the number of
[Exg) to calculate the interval. 1-Fror ZlnLerval “successes” in the sample
C-Lewel :H,95 . .
x (supporters in this case).

The confidence interval will be
displayed.

1 —Ptof
Lef

F_ZInterval

L =@.4732209

=]
Risht
£

g

=@, 3T TO30T
=@, 32BETE3
=481
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ALGEBRAIC MODELS FOM DATA -
WORKING FROM OBSERVATION
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ALGEBRAIC GENERATION OF LINEAR MODELS

How do |

Example:

Basil’s height has been recorded at particular points in time. The data is presented in the
table below:

Age (months) 36
Height (centimetres) 86
a) Make a scatterplot of these data.
b) Determine the equation of the linear model that best fits these data.
c) Make a residual plot to help assess the appropriateness of the model.
d) Predict Basil’s height at the age of 65 months.

e) According to the model, how old will Basil be when he is 89 cm tall?

PROCESS

ACTION
Enter the STAT application

(.

obtain, assess and use a linear model?

48
90

51
91

54
93

57
94

60
95

DIAGRAM COMMENTS

Enter the SET UP screen of the Set the Stat Wind option to

STAT application by pressing Stat Wind Ao Auto. This will see the 9860
then (IEND) . 1=t File ile automatically choose the best
pub Mame o 'Bm view window setting for the
Scroll down to the Resid List Egggthzﬁc - . data entered.
setting and press LIST ((F2)) and [Fone BEP
then enter (3] to set the Also note that the List File is
residual list to be List3. Stat Wind _tfuto set to Filel. The 9860 has six
List File"bile files (a file is a set of twenty
When computed, the residuals Brac Beeult .d/.:, six lists) to choose from.
will be placed in List3. Eroeh Eomc £ on .
[Hene [METP
Enter the age data into List 1 You can name the lists to suit
and the height data into List List | |List 2t 3|ust the data. Type in the variable
SLE - R
2. I name into the SUB line.
g
3
Press after each entry. u When entering data, it is a
kI CALCITESTIIHT 0TS T I good idea to place the

List ||List 2]List 3

List U

SUE| A38

B
1

54
51
1]

Heidht
g3
ay
L

independent variable’s data
() into List 1 and the
dependent variable’s data
(y) into List 2.

Select GRPH (press [F1)).
Press to select SET.

Scroll down to adjust the
StatGraphl options.

For a scatterplot, scroll down to
Graph Type and press (F1) for
Scat.

Check the correct lists are set
for the x and y axes.

Press or to return to
the stat list window.

List ||List 2]List 3

List U

SUE| A3

54
51
1]

Heidht
93
y
95

GFHL |GFHE |GFHI

GFHL [GFHE [GFAT
R wre 8 ocaller

wList iListl

YList iList2

Freauency L1

Mark Txre o

The process is continued on
the next page.

© Zema, Harradine and Lupton, 2012
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PROCESS (cont.)

ACTION

DIAGRAM

COMMENTS

From the stat list window, use
GPH1 ([F1)) to make the
scatterplot.

The scatterplot is displayed.

List | |List a]List 3Lt
SUE[AJE | Hedht
u ] EE]
5 51 ay
B [ a5
1

GFHL [GFHE [GFAT

o
JCALCJve o)

You can also use the arrow

keys, (@,@,®,®) to

move the view window.)

To determine the equation of
the linear model of best fit
press CALC ((F1)), then select
the linear option, X ((F2)), then
choose the form for your linear

o WA e [ a5

model, ax+b ((F1)) or a+bx ((F2).

In the work below, the form
ax+b ((F1)) has been selected.

The output screen displays the
slope and intercept of the
equation of the linear model of
best fit, as well as Pearson’s
product-moment correlation
coefficient, r, and the
coefficient of determination, r°.

The COPY option ((F5)) allows
you to copy the equation of the
linear model to both the Graph
and Table applications. This is
very useful for further analysis.
In this case we have selected Y1
and then pressed [Exg.

LinearRea

a =H,3833FI33

b =71.95
I =H.9343T76T1
r2=H, 933 TE5H
MSe=A.15

w=axt+h

COF T [DRAL]

Grarh Func

Y
Y4
Yo
Y

Lo lan Lan T |
[ITRNTRETEN

LinearEea
a =d.3833F3I33
b =71.935

I =H.934376T1
r2=H. 933 TE5H
MSe=A.15

w=ax+h

COF T [DRAL]

Note that you can choose to
copy the model into any of
the Y positions, particularly if
you have other functions
defined.

Press to DRAW the graph of
the linear model on the
scatterplot.

TR [ [Fed e [ T

Now press twice to return
to stat list window and you will
see that List3 has been
populated with the residual
values.

List ||List 2|List 3|List

SUE

| B[ 0«25
2 ug 80 -0.35
E] 51 1] - 0.5
L] 54 93] 0.35

360
GFHL [GFHE [GFAT

You can now SET ((F6))
StatGraph?2 to be a scatterplot
of List3 vs Listl to make a
residual plot.

StalGrarhz
Grarh Trre :S5calter
HList iList]

reauency :
Mark Txre HE

LIAT,

This process is continued on
the next page.
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PROCESS (cont.)

ACTION

DIAGRAM

COMMENTS

To predict values using the
linear model:
Enter the GRAPH application

EED.

ot MATH MEMU S
BUH-MATETAT @-ACT "=-HT

DYHA | TABLE |RECUR
= ! bt
A

You could also use the Table

application ()for this

step.

The linear model of best fit was
copied into Y1 earlier.

Note that is will be unselected
and so you will have to press
SEL ([F1)) to select it for
graphing.

Before drawing the equation,
you should always check your
view window settings. Press
then (F3) to check/change
your settings. The setting will
currently be those used for the
residual plot. Change them to
those shown opposite.

Press and then DRAW ([F6))
the function.

Ll o

max |
scale:
dot
Ymin

. TEIE5ETI
max =180
IHIT [TRIG[ETD

To find a predicted y-value for a
given x-value do the following.

Press G-SOLVE ([swF), (F5)) to

view options.

Then press ((Fg)) view the rest
of the menu.

Use Y-CAL ((F1)).
Enter the x-value and press (Exg.

Both the x and y values will be
displayed.

————

[TRCE 0TGN TRAIT SO RN (55T

————

CAL [H-CAL | dx =]

FEnter w-Walue
HiGES

Y1=8, 3833333383 5333R
_,—'—'—'_'_'_'_'_'_'_

-CAL

=65 ‘f=06. BEBEBER"

You could also find the
predicted value in the RUN
application.

Press (ARS).

Select GRPH ((F4)).

Select Y ((F1)) then enter the
x-value. Close bracket and

press [exg.

Y1{a52
5. BEEEEEET

To predict an x-value for a given
y-value press G-SOLVE ([sHFT),
(F5)) to view options.

Then press ((Fg)) view the rest
of the menu, use X-CAL ((F2)).

Enter the y-value and press [Bxg.

Y1=8, 333353333 333333R8

H=CAL
n=UU. UTBEE0AT  ¥=H3

© Zema, Harradine and Lupton, 2012
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ALGEBRAIC GENERATION OF EXPONENTIAL

MODELS

How do | obtain, assess and use an exponential model?

Example:

The table below gives the average daily flow rate from a gas site for the months shown.
Relative time, t (months) 1 3 5 7 9 11
Rate of Gas Flow, f (MMscf/d) | 51.717 | 36.717 | 28.066 | 22.199 | 16.377 | 13.403

a) Graphically display theses data.

b) Find an exponential model that best fits these data.

Please complete the linear model task before starting this task. Knowledge of the

processes involved in that task is assumed here.

PROCESS

ACTION

DIAGRAM

COMMENTS

Enter the STAT application

(.

COMICE|EQUA  |FEGHM |TWM
@A_ﬁlﬂﬁd

Enter the SET UP ([stFT) then
(MEND)) and set the options as
seen opposite. Set the residual
list to List4 and make File2
active. This way the data in
Filel will not be lost.

Enter the time data into List
1 and the flow data into List
c.

Press after each entry.

Stat Wind
Fe=zid List

fAuLo
tlistd

L
Frac Result d/c
Func TyFe

Grarh Func Ok 4
FILE
List | |List afuist 3]st y

SUE[ time | Flow

u VEES

5 g 16,311

B 11] 13403

1
e

Now select GRPH ([F1)).

Lizt | [Lift ElL:St JfLiEt Y
Press (F6) to select SET. A
5 9] 16.311,
B 11] 13. 403,
1
[GFHL [GFH2 [aFHa S0 SET.
- I—
atGraphl options as shown glList iList]
opposite. Freausncy =1
Mark Txre HE
Press or to return to [GFHL [aFHE [GFHT
the stat list window.
From the stat list window, you From this plot it appears that
can now make the scatterplot List | |List 3]st 3[List an exponential model might
. SUE| time | #low .
by pressing [F1). AT be an appropriate model for
I these data.
The scatterplot is displayed. 1
[GFHL [GFHE [GFAT W SET.
' This process is continued on
"o the next page.
)

© Zema, Harradine and Lupton, 2012

Page 16 of 40



PROCESS (cont.)

Put the cursor in the very top of

ACTION DIAGRAM COMMENTS
To obtain an exponential model
we can now try to ‘straighten’ List | [List @ Lift U
the data out by finding the B IR
natural logarithm of the flow i [ i
data. AR

LaM] Dim | Fill] e [

List3.

Enter In then press 0PN, then
LIST ((F1)) and then List ((F2)
followed by (2].

Press (Exg. This will result in
List3 being populated with the
natural logarithms of each value
in List2.

List ||List a|List 3Lt uy
SUE| timg | Flow
I HEIERINE
g 3| 36.111| 3.

3 5( 28. 065| 3. 33u5
y lzzaimal 3.0
3. 945 TEE54E
JGkPHICAL I TESTITHT R IO T I

We can then make a scatterplot
of the natural logarithm of flow
by time. To do this we have SET
up StatGraph2.

- 3F »Fe  ocaller
wlist istl
YList tList3
Fredauency H
Mark Txre

[GFH1 [GFHE [GFHE

L

We can then find the linear
model of best fit for these data.

e [ e e g [

LinearRea
a =-98.1344819
b =4.835576E1
r_=-8.39T7LR3T
rE=@,99521328
MSe=1.5204E -B3
w=ax+h
COFY [DRAL]

auAk [ [Hed 28 [€~3

=]

You can now use the laws of
natural logarithms to convert
the following equation to the
more common exponential
form:

In f =-0.134t +4.036 .

Pressing twice returns us to
the stat list window and we find
the residual values have filled
List4.

List | |List 2|List 3]st u|
SUE[TimE | Flow
1 IEBIKE
2 3| 36111 3.

3 5| 2. 06| 3. 3345| - 0. 029
u 1l 22. 198 _ 3.1] 5.2E-3

S 245 TR
GFHL [GFHE [GFAT

This process is continued on
the next page.
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PROCESS (cont.)

opposite.

Drawing GPH3 reveals the
residual plot.

ACTION DIAGRAM COMMENTS
To help assess this model, we
can make a scatterplot of the E&SL‘E”?SEE Satter
residual values vs time. HList 1Lis
e :
We have SET up StatGraph3 to Mark Tere 2o
be this plot. See the settings LI5T

© Zema, Harradine and Lupton, 2012

Page 18 of 40




ALGEBRAIC GENERATION OF POWER MODELS

How do | obtain, assess and use a power model?

Example:

Consider the data in the table below.

X 1 3 5 |7 9 |11
y 1.318.6 |27 |47.1 |84 116.3

a) Determine whether or not a power model is an appropriate model for these data.

Please complete the linear model and exponential model task before starting this task.
Knowledge of the processes involved in those tasks is assumed here.

PROCESS

To complete this task we will try to ‘straighten’ the data out by finding the natural
logarithm of both the x and y data.

The following summarises the process. Specific detail is not provided as we have assumed
you have completed the linear and exponential model task.

Firstly, we set the Stat application to use File3 (this is not necessary if you are happy to
delete the data from previous tasks. We also set the residual list to List5 as we will use
List3 and List 4 to compute the natural logarithm of the x and y data respectively.

Stat Wind fAuto Stat. Wind tHutl.o
Fesid List flist5
i= ile 1 ]
Ly Sub Hame H
Frac Result d/c Frac Besult dfc
Funhc Trre -V Func Txre
Grarh Func  20n 4 EPaPh Func t0n 4
FILE, Hone [§

After entering the data, we look at a scatterplot of y vs. x and note it is certainly non-
linear.

Lift | ]JList 2|Li¥t J|LiZt U
ZUE| H [ o
u 1 UMl o
g Ll By
B 11| 116.3, L]
i a
1 ']
GFAL [GFHE [GFHT B I

We can now proceed to try and ‘straighten out’ these data by computing the natural
logarithms of both the x and y data.

Ligt | |List aList 3| Lt u
¥ in # 1k Y

EI

Now, we produce a graph of Iny vs. In x and find the linear model of best fit.

StatGrarh LinearRea
Grarh Trre fS5catiter . B a =1.899422882
WList IList3 o b =@, 208152251

° r_=H.99337324
rEequUency : L rE=@, 99795734
Mark Trre io MSe=T. 1822 -03

»=ax+h

LI5T, [Cac Joero) COFY [DRAW iaunn W [Fed [Hre 9 [ F

Now, using the laws of natural logarithms you can transform the following into the more
traditional form of a power model:

Iny=1.90Inx+0.202
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Finally, we can produce a residual plot to assist us in assessing the goodness of fit of this

power model.

List 3|List 3| List U|List 5]

© Zema, Harradine and Lupton, 2012

StatGrarh3
Grarh TrFe
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Fredauency
Mark Txre

LIST,

tScatter
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CALCULUS - DESCRIBING CHANGE.
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DERIVATIVES AND RELATED THINGS

How do | find the average rate of change?

Example:

I f(x)=
PROCESS

In X, find the average rate of change of f(X) for the interval 3< X<6.

ACTION

DIAGRAM

COMMENTS

Enter the GRAPH application

EED.

W MAIH MEHU W
TAT |[2-AC

A @“é-’ EE

DYNH THBLE RECLUF

Define Y1 to be the function
required and press [Exg. Note the
= sign is ‘blackened’ telling you
this function will be graphed.

Before drawing the function,
you should always check your
view window. Press then
(F3) to check/change your
settings.

Press to DRAW the function.

Grarh Func Y=

Yi1Bln A [—]
Vi [—1
¥o: [—1]
Y&: [—1

SEL TYPESS TV LI e [T

The INITial settings are often
useful for ‘text-book’
functions. They also ensure
that tracing occurs in units of
0.1 in the x direction.

LI Wlindow
max

sc,alei i
dot. 8,1
Ymin §i-3.1

max  §3.1
IHIT [TRIG[ETD

Enter the RUN application
(EED-

Press then GRPH ((F4)) and
then use Y ((F1)) and (1] to
enter Y1 (which is the function
we are interested in). Complete
the calculation as shown
opposite.

CYWICEd-Y1C(Eaa+(E—20
B. 2318498502

[ v I F [Xt]ve] X |
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How do | find an approximation for the instantaneous rate of
change using the trace function?

(Note that this process is equivalent to finding the derivative of the function at the stated
point and finding the gradient of the tangent to the function at the stated point.

Example:

Find the instantaneous rate of change at x=2 if y=1InX.

PROCESS

ACTION

DIAGRAM

COMMENTS

Enter the GRAPH application

EED.

W MFIIN MENU W

= O\.b
gk

L=
DYNH THBLE REEUR
CoHICE] EQUH PRGM TUR
R e B

To use the trace function to find
the derivative, you will need to
check the SET UP.

Press then (WENU) to access
the SET UP options.

Turn the Derivative option On

(ED).

Press or to return to
the graph editor window.

Craw Tyre
Grarh_ Func
Cuyal Screen 01T
Simyl Grarh fOfT

T =TTy = Mok
Sketch Line :Haorm 4
on [OFfF

EEnnnect

Note that when the
Derivative option is turned
On, some computations will
take longer than when it is
turned Off.

Define Y1 to be the function
required and press [Exg. Note the
= sign is “‘blackened’ telling you
this function will be graphed.

Before drawing the function,
you should always check your
view window. Press then
(F3) to check/change your
settings.

Press to DRAW the function.

Grarh Func &%=
Y1Bln X [—]

The INITial settings are often
useful for ‘text-book’
functions. They also ensure
that tracing occurs in units of
0.1 in the x direction.

LI Wlindow
max

scaleill
dot. 8,1
Ymin §i-3.1

max  §3.1
IHIT [TRIG[ETD

To activate the Trace option,

press then (F1].

Enter the x-value using the
keypad ((2] in this case) and
press [exg.

The derivative is displayed.

WWM%’F

‘Yl=1n *
Enter X-Ualue
n Hid

™
d¥-di=ERKOR
=0 ‘Y=ERKOK

Yi=lh ®

|

d¥-di=0a 5
=i ‘=0« 6331471806

Note that the value computed is
an approximation for the exact
value. In this case, calculator
displays 0.5 (which is the exact
value in this case), but in some
cases it may display 0.499999999.

If a question requires you to
find the ‘exact’ value, you
should use the rules of algebraic
differentiation to find your
answer and give your answer in
the appropriate form (e.g.
fraction or surd).
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QUESTION

How do | find an approximation for the derivative at a point in

RUN the application?
Example:

If y=Inx, find ﬂ at x=2.
dx
PROCESS
ACTION DIAGRAM COMMENTS
Enter the RUN application
(=D - 77777 MATH WENU

P ]
STAT [R-ACT |S-SHT

In Run application, once d/dx( is
entered, press then GRPH
((F4)) and then use Y ((F1)) and
1.

GREAFH |DYHA |TAELE |[RECUR
ot WUl i o]
COMICS|ERUA  [FREGM [TW'H
o ol e g
Press [F4] to access the MATH
options. 1]
pUMEIDEL Je A LIMATH
Press to select the d/dx
function. O
MA TSI 330 ] Fbs |d bt n g I
Enter the function, then arrow We suggest you graph the
across and enter the x-value for IS 1) e function first (see previous
which you want to evaluate the dx x=2 A5 page). It is good practice to
derivative. Press [Exg. o know what the function looks
like before proceeding. This
[T [EFED T B BT [ o will give you a better
understanding (visually) and
give you a better chance at
evaluating the validity of the
result that is returned.
Note that if you have defined
the function to be Y1 (in the LR LR
Graph application) you can d 8.5
enter Y1 in place of the LR
expression. - a.3
[ v [P [xt]ve] X |

& Note that the value computed using this process is an approximation of the exact value. In this case,
calculator displays 0.5 (which is the exact value in this case), but in some cases it may display
0.499999999. This is why it is termed an approximation. Should the result have been the square root of 2,
the calculator would return the approximation 1.414213562

If a question requires you to find the ‘exact’ value, you should use the rules of algebraic differentiation to

find your answer and give your answer in the appropriate form (e.g. fraction or surd)
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QUESTION

How do | display the tangent to a curve at a given point and

find its gradient?
Example:

Find the gradient of the tangent to the curve y = Inxat x=2.
PROCESS
ACTION DIAGRAM COMMENTS

Enter the GRAPH application

(&)

W MAIH MEMI st
TAT |[2-AC

[Qb %QWEAREEUR

COMICS[EQURA FREGM |TWH
T = ¥% -

@A_EL-J FF

To find the equation of a
tangent, you will need to check
the SET UP.

Press then [IENJ to access
the SET UP options.

Turn the Derivative option On

(ED).

Press or to return to
the graph editor window.

Craw Trre fConnect
Grarh_Func 0k
Cual Screen 011
Simyl Grarh fOfT

A karaun f Horne
Sketch Line :Harm e
O [OFF

Note, if you do not turn the
Derivative option on, the
equation of the
tangent/normal will not be
displayed on the screen.

Define Y1 to be the function
required and press [Exg. Note the
= sign is “‘blackened’ telling you
this function will be graphed.

Before drawing the function,
you should always check your
view window. Press then
(F3) to check/change your
settings.

Press to DRAW the function.

=0
=

o
i
i
[1]
L

The INITial settings are often
useful for “text-book’
functions. They also ensure
that tracing occurs in units of
0.1 in the x direction.

LIz Wlindaw

max
sc,ale 1
dot. 8.1
Ymin =-3 1
max 3 1
IHIT [TRIG[ETD

Press SKTCH ([(stFT], (F4)) to view
options. Select Tang ([F2)).

WWM%‘F

C 1% [Tand Horm[Tres [

Enter the X-value using the
keypad. You must press [Exg
twice in order for the tangent
to appear.

The tangent at that point will be
displayed along with its
equation (and therefore
gradient and y-intercept).

‘Yi=1n #
Enter H-Ualue
. o .
——
r=0 Y=ERROE
Yi=ln ¥ I ﬁ/'é_
=0, 5%~0. 3068
=a =0, 5931411606

Note, if you do not turn the
Derivative option on, the
equation of the tangent will
not appear on the screen.

Note that these results are
approximations for the exact
values. If exact values are
required, used algebraic
methods.

© Zema, Harradine and Lupton, 2012

Page 25 of 40



QUESTION

How do | find a numerical approximation for coordinates of the
local maximum (or local minimum) of a function?

Example:

Find the coordinates of the local maximum and local minimum of y = xe™

PROCESS

ACTION

DIAGRAM

COMMENTS

Enter the GRAPH application
( and define Y1 to be the

function required and press [Exg.

W MFIIN MENU W

CoHICE] Equn PF:GM TdeF
R e B

Grarh Func 4=

v igme " [—1
v4' [—1I

[—1]
F‘—SEL peL Jrive s kel

Before sketching the
function, you should always
check your view window.

Press then (F3) to

check/change your settings.

LIz Wlindow

max
scaletl
dot. 8.1

Ymin 1-3.1

max 3.1
INIT [TRIG[ETD

You can often use the zoom
options (press [HF), (F2)) to
help view the function.
Often, Auto works well,
especially if you set the
domain sensibly.

Press to draw the curve
function.

It is important to note that
the features you want to
locate must be “in view” for
the calculator to be able to
locate them.

To find the coordinates of the
local maximum:

Press G-SOLVE ([stFT), (F5)) to

Use MIN ((F3)) to locate a local

view options. Select MAX ((F2)).

ROOT [MAX [MIN AT [ISCT|

minimum (should there be one).

The calculator will display the
coordinates of the local
maximum (or local minimum).

Yi=He™-K

MAH

+=0.9999899881 V=0.3E7819uU4I2

If more than one local
maximum (or local minimum)
is in view, use the arrow keys

(@, ®) to move to the

next one.

& Note that this process will not necessarily locate all of the stationary points of a function, just the

ones that are visible in the view window.

To find all stationary points, or be sure that what you are seeing is all there are, you need to use algebraic
methods (set the derivative equal to zero).
Also, the values computed are approximations for the exact values of the coordinates being found.
If the guestion requires you to find the “exact value” you should use algebraic methods.
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QUESTION

How do | find a numerical approximation of the coordinates of a

point of inflection?
Example:

100
Find the coordinates of the point of inflection of Yy = ————
1+5e
PROCESS
ACTION DIAGRAM COMMENTS
Enter the GRAPH application Before sketching the function,
(EEg) and then define Y1 to you should always check your
be the function required and Grarh Func %= view window. Press then
[—1 (F3) to check/change your

press [Exg.

va:
[SEC MEW M3 SiW TR (o

1+5g "2

settings.

Lligw Wlindow

max_ =

scaletl
dot. @, 158736015
Ymim  f

max  tieE
INIT [TRIG[STD

Press to draw the
function.

You can also use the zoom
options (press [stFT), (F2)) to
help achieve a good view of
the function. Often Auto zoom
works well, especially if you
set the domain sensibly.

To find the point of inflection,
we need to sketch the
derivative function of Y1. We
define Y2 to be the derivative
function of Y1.

Press 0PTN), select CALC ((F2))
and then press (F1) to select
d/dx.

¥a: [
[5EC MEW T S FED (o

Grarh Func Y=
— [—1
145 <M

—1

W3 [—1]
| v [ P [Xt]wvt] X |

Grarh Func Y=
YiIE———=7 [—1
1+5e =

=d
Y=o 0 =p

Select Y ([F1)) then enter (1J.
Arrow across and enter X

((x&1)). Press [Exg.

1d+59' 2i
veE vy, L, [
ZEL DEALY

Grarh Func Y=

Yig [—1

Continued on the next page.
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Inflection (continued)

ACTION

DIAGRAM

COMMENTS

Press to draw both
functions.

Functions will be graphed in
order of being entered.

You do not need Y1 to be
graphed and so you could use
the SEL ((F1)) function in the
graph editor to deselect Y1.
This will also speed up the
process.

We need to find the turning
point (local maximum in this
case) of the derivative
function, Y2.

Press G-SOLVE ([sFT), [F5)) to

view options. Select MAX

([E2).

Use the arrow keys (&, ®)
to select the function for
which the local maximum is
required and press (Exg.

ROOT [MAX |MIM SIFTISCT | [

Y2=d iYL

JI& e

The x coordinate of the
maximum of the derivative
function gives the x coordinate
of the inflection point of the
function.

The coordinates of the local
maximum will be displayed.

Ye=d dxi¥1la. 52

Note that the calculator
returns an approximation for

of the menu.
Press Y-CAL ((F1)).

Use the arrow keys (&, ®)
to select the function you
would like to use (Y1) and

press [Exg.

Enter the x-coordinate
(0.804715 in this case) and
press [Exg.

The calculator will display the
coordinates of the required
point.

the exact value of x at which
This provides the x coordinate the local maximum occurs.
of the point of inflection of v
Y1. 4=0. BOWTIS ¥=50
To find the y coordinate of the You could also find the y
point of inflection: coordinate of the point of
Press G-SOLVE ([stFT), (F5)) to inflection in the RUN
view options. application.
Then press ((Fg)) view the rest [F-CAL [F-CAL [dk: e Press (variable menu).

Y1=188+-C1+3e™(—2K0

¥-CAL

| I
Enter H-lUalue
WiB. 884715

AN

Y1=188+C1+3e™ C—2K0 2

f-CAL

H=0. 804715 =U5. 93980219

Select GRPH ((F4)).

Select Y (press (F1)) then enter
the x-coordinate (0.0804715).
Close brackets and press [Exg.

Y1(8.3847152
43,99950219

[ v | P IXt]vi] X |

& Note that this process will not necessarily locate all of the points of inflection, just the ones that are
visible in the view window. Algebraic processes are required to find all points of inflection.
Also, the values computed are approximations for the exact values of the coordinates being found.

If the gquestion requires you to find the “exact value” you should use algebraic methods.
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WORKING WITH MATRICES.
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MATRICES

How do | define a matrix?

PROCESS
ACTION DIAGRAM COMMENTS
Enter the RUN-MAT application
CED. G TR
7 LBE Y

CONICS Eag{l.:\ﬁ FRGHM T'v'bgF
+
2o B @

Press (F3) to enter the MATrix o
mode.

HUMEIDEL JwtinLIHATH
Select Mat A and define its
size. To make it a “two by Matrix
two” enter (2], press (Exg then a tHane
(2] and press [Exg. Press fal L Hone
again to have the matrix T E

appear.

Enter the matrix elements.
Press after each entry.

A | 2
i
5]
[ T W [T
A | 2
]
3
[ T W [T

If an error is made, simply
highlight and overtype or press
to edit.

To define another matrix,
press and define the size
of the next matrix.

qre
Limension mxn

iZ

m
M
M
Mat. F

DEL JOELAJDIM,

tHohe

E | 2 3
g I - |

E[ o -u ‘]

TS (TSI [T [ECTT

To begin performing matrix
operations, you will need to
press to return to the

calculation area.
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QUESTION

How do | perform matrix operations?

Example:
-1
2 1 2 -1 1
Let A= , B= ,C=|-2]and D=
4 3 0 -4 2 -1 2
-2
Find A+D, BC and A”.
SOLUTION
ACTION DIAGRAM COMMENTS
The following assumes the
above matrices have been 1]
defined. Enter the g
application press and
select MAT ((F2)).
LIS TIMATICFLiCALC ]S THT S
Various options are now Note: the ‘Mat’ entry (that is
available at the bottom of the [u] so common in this topic) can
screen. Use the function keys also be found by pressing
([F1) to (F8)) to select. then (2.
[Mat]MsL|Det ] Trn ]R3 EE
Addition Mat. A+Mat M
A+D
Press Mat ([F1)) then
(which allows entry of the red
letters) then to enter A.
Mat A+Mat [ 4 o
Then enter and then Mat D 0 [3 5]
in a similar way.
Press [EX to reveal the result
matrix.
- : Note that the matrix that is
IL,JeSS" E Igt and storing a Mat A+HMat [ Dote recalled when Mat Ans is used
) 2xMat. Ak is the most recently calculated
The result matrix can be used result matrix.
for another calculation by
using the Mat Ans command. [tat DL [Det ] Trn lAuS] IR
To do so, press Mat ([F1)) then MEL FFEL U 4 2]
then (Ans). 5
2¥Mat. Ans s 4
The result matrix can also be o [& 1]
stored for later use. [i1at [ rsL [Det [ Trnlau S
Press Mat ([F1)) then then
(Ans) then (=) Mat ([F1)) “rnan s N
£ 18
then followed by a letter Hat Rrostiat E
not yet used for a matrix. g 4 ]
Press [EXg. o & 18
[Mat =L [Det | Trn A S|

Matrix E can now be used at
will.
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Matrix operations continued.

ACTION

DIAGRAM

COMMENTS

Subtraction
2A-D

2Mat. A-Mat [

When multiplying a matrix by a
number, the multiplication

sign is not needed.

[EFTA [CEYM [aT5A B BRI [ T
ZHal A-Mat [
5 il
9 4
O
[Fat ML [ Det [ Ten AU S I
Multiplication N_ote_that the multlpl_lcatl_on
Mat BxMal C .2 sign is not necessary in this
BC [ 4] calculation.
o
[Fat ML [ Det [ TR AU ST I
Computing a power
f tri Mat At
OT a matrix. [154 1@5]
428 269
A* o
[EERA [EETM TS5 B M [+
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LINEAR PROGRAMMING.
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QUESTION

How do | graph an inequality?

Example:
Sketch y <2x+1.

PROCESS

ACTION

DIAGRAM

COMMENTS

Enter the GRAPH application

(2.

Select TYPE ((F3)).

Press to view other
options.

Select the appropriate
inequality form.

In this example, select Y<

(E3)).

Enter the rest of the
inequation and press [Exg.

Grarh Func =42

Y1EZH+1 [—1
vi: [—1
2 =
EEL DEL JTVPESSTVL K MErJ TN

Note the type of inequality
being graphed will appear at
the top right of the calculator
screen.

Before sketching the function,
you should always check your
view window. Press then
(F3) to check/change your
settings.

Lligw Wlindaw

max
scale i
dot. @.1
Ymin =-3 1
mazx 3 1
IHIT [TRIG[ISTO B

Press to DRAW the
inequality.
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QUESTION

How do | graph a feasible region and determine the optimal

solution?

Example:

a) Sketch the region bounded by the following constraints and shade the feasible region:

b) Determine the coordinates that are potential optimal solutions.
c) If the objective function is P = 2x — y, determine the optimal solution that maximises the value of

P.
PROCESS

y<10-x
y>x-4
y<2x+1
x>0andy=>0

ACTION

DIAGRAM

COMMENTS

Enter the GRAPH application

EED.

W MFIIH MEHU W

X

I:IYHH THBLE |RECL|R

Select TYPE ((F3)).

Press to view other
options.

Select the appropriate
inequality form.

Grarh Func &%=

Y3 [—1]
Wi [—1]
b= [—1]
Yei [—]
= [ = [Farm[<=c @[ &
Garh Func \'=

Y3 [—1]
Wi [—1]
Yo [—1]
Yei [—1

Enter each constraint.

Er“?Ph Func  Ih's

YERTHL [—1

Y488 [—1]

"|'5' E—%
EEL [DEL JTVPESSTVL K HEMITTTT

Select to DRAW the
feasible region.

Before sketching the function,
you should always check your
view window. Press then
(F3) to check/change your
settings.

Lligw Wlindow

max
scaletl
dot. 1@, 158736015
Ymin  i-18

max 1A
INIT [TRIG[STD
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To determine the coordinates
of the points that are
potential optimal solutions
(vertices of the feasible
region) press G-SOLVE ( [sHFT)
then (F5)) to view options.

Select ISCT ((F5)).

TRCE WM JHAIT G&T

ROOT [MAX |MIM [FIFTISCT | [

Use the arrow keys (@, @)
to select the first of the pair

of lines that intersect at the
point you wish to find, press
[Exg and then select the second
line and press [xg again.

The coordinates of the point of
intersection will be displayed
at the bottom of the screen.

You may also need to find the
x-intercept.

Press G-SOLVE ([stF1), (F5)) to
view options. Select ROOT
([E1).

Use the arrow keys (&, ®)
to select the line for which the
x-intercept is to be found and

press (Exg.

(D -

CONICZ|ERUA |[FEGM |TWHM
ﬁé_ﬁlﬂ 5

NEaE—d
Repeat this process until all =3
vertices are found.
=y
To find the optimal solution,
enter the RUN application 2 MRTH, I"IEHU W

STHT

GF:HF‘H I:IYHH THBLE |RECL|R

Substitute each of the
coordinates into the objective
function and compute its
value.

2073
11
2040-8
g
20307
-1
)
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SOLVING EQUATIONS.
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QUESTION

How do | solve an equation graphically?

Example:
Solve the equation:
20(0.8) =
SOLUTION
ACTION DIAGRAM COMMENTS

Enter the GRAPH application

(2.

W MFIIH MEHU W

X

DYHH THBLE |RECLIR
l:':'HlCS EQUH F‘REM T'v'f;lF
A JERy i

Define Y1 to be the left hand
side of the equation and press

6.

Define Y2 to be the right hand
side of the equation and press

6.

Grarh Func, Y=

yigzacE, g [—1

YiET4 [—1]
[—1

F‘—sEL DEL JriveJTvL EME U

Before sketching the functions,
you should always check your
view window. Press then
(F3) to check/change your
settings.

Press (or [Exg) to graph.

—

To determine the solution of
the equation, find the
intersection point(/s) of the
two functions.

Press G-SOLVE ([sFT), [F5)) to
view options. Select ISCT

(E3).

—

[TF:CE_ SR AT ST (D [

—

ROOT [MAX |MIM |'|'-I(PT IZCT| [

The calculator will find one
intersection point even if it is
not displayed in the graph
view window.

However, if there is more than
one intersection point, it will
not locate both unless BOTH
are visible. The move from one
intersection point to the other
press the left or right arrow

keys (@, ®).

The solution will be displayed
(x-coordinate).

ISECT
H=1.598410269  %Y=I4

& The values computed are approximations for the exact values of the coordinates being found.

If the guestion requires you to find the “exact value” you should use algebraic methods.
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QUESTION

How do | solve an equation using Solver in EQUA?

Example:
Solve the equation:
20(0.8)" =
SOLUTION
ACTION DIAGRAM COMMENTS

Enter EQUA application.

W MFIIN MEHU W

SroE
GRAFH |DVHA THBLE RECUR

Press (F3] to select Solver.

L Tvre
multanecus

e
51

=Pnlynnmlal

fSolver

Enter the equation to be
solved.

Press (Exg.

The value of x shown is NOT
the solution, but the last value
of x used by the 9860.

Make certain the cursor is
placed on the second line and
the press Solv ((F§)).

Eq:2@(@, 227 =14

aler==-"9+
UrFer=9eg+99

B

The lower and upper bounds
form the domain in which the
calculator will search for a
solution. You can change them
as desired.

The solution will be displayed.

To solve another equation,
press REPT ([F1)).

Ea:2@(@, 81" =14
%=1, 558416569

Lfi=13

Fat=14

REFT

We suggest that when solving
equations it is wise to graph
first. You will then be able to
see the intersection point
(solutions to the equation).

The Lft and Rgt values are the
values of the left and right
side of the equation for the
value of x found. If they are
equal, then you know the
solution is correct.

& This process will only return one solution to the equation. There may be other solutions. You can change
the first value of x that appears to a different value and another solution may be found.

Also, the values computed are approximations for the exact value of solution being found.

If the question requires you to find the “exact value” you should use algebraic methods.
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QUESTION

How do | find the solutions to a polynomial equation?

Example:
Solve of this equation:

SOLUTION

—x*-8x*-5x+14=0

ACTION

DIAGRAM

COMMENTS

Enter EQUA application (

WNHIN NEHUW
feloe _Baség-f ey
i

Press (F2) to select
Polynomial.

Equation

lect Tyre
Simultaneous
iFolvnomial

3
1:
=H

T TICn

Use the function keys, (F1) or
(F2), to select the degree of
the polynomial, n this
example, degree 3.

Faolznomial
Mo Data In Memor>

Leares?

EF EF EF Y

Key in coefficients and
constant of the equation.
Press after each entry.

Once complete, press (F1) to
solve.

aH3+EﬁE+G§+d=q
1 [ [] [ik|

5]
soU (AW [CLR [EDIT
ard+hHE+ci+d=8
3 b [
L -l -8 -5 TN
14
soU (AW [CLR [EDIT

Note the form that the
equation must be expressed in
to determine the values of a,
b, c and d for correct entry is
displayed at the top of the
screen.

The solution will be displayed.

aH3+?HE+GH+d=B

)

KEFT

Note that all solutions of the
polynomial equation are given.

We suggest that when solving
polynomial equations it is wise
to graph the polynomial first.
You will then be able to see
the x-intercepts
(roots/solutions to the
equation.)

The End.

Good luck with your exam and your future.
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