TI-84 Plus

CHAPTER OBJECTIVES:

This chapter shows you how to use your graphic display calculator

(GDC) to solve the different types of problems that you will meet in your
course. You should not work through the whole of the chapter — it is simply
here for reference purposes. When you are working on problems in the
mathematical chapters, you can refer to this chapter for extra help with
your GDC if you need it.

Instructions for the TI-84 Plus calculator Use this list to help you to find the topic you need
Cha pter contents 2 Differential calculus
2.1 Finding the gradient ata point ............occcovre. 29
1 Functions 2.2 Drawing a tangent to a curve 30
1.1  Graphing linear functions ... 2 2.3 Finding maximum and minimum
Finding information about the graph P(.)mt.s i 31
1.2  Findingazero ... 2 2.4  Findinga numerical defivative ... 32
1.3  Finding the gradient (slope) of aline ... . 3 2.5 Grgphing a numerica'l de'rivative ---------------------------- 33
1.4  Solving simultaneous equations graphically ... 4 2.6 Using the second derivative .................oocoerer 35
Simultaneous and quadratic equations 3 Integral cglcylus o
1.5 Solving simultaneous linear equations in 3.1 F¥nd%ng the value of a definite integral ............ 35
two unknowns 6 3.2  Finding the area undera curve ... 36
1.6  Solving simultaneous linear equations in 4 Vectors
three UNKNOWNS |............cccoromooocceeeeeereeeeseses oo 7 Scalar product
Quadratic functions 4.1 Calculating a scalar product ..............ccoocccrrrreee 37
1.7  Drawinga quadratic graph .._.......cooorrresrnen 11 4.2 Calculating the angle between two vectors 38
1.8  Solving quadratic equations ................ccccccccccccceeeen 11 Vector product
1.9 Finding a local minimum or 4.3  Calculating a vector product ... 39
MAXIMUM POINE _oooeeorerseeeceeeeesssseseeeeeessssssssnnans 12 5 Statistics and probability
Complex numbers Entering data
1.10 Operations with complex numbers ... 16 5.1 Entering lists of data ... 39
1.11 Conjugate, modulus and argument . 17 5.2  Entering data from a frequency table 40
1.12 Solving equations with complex roots..................... 17 Drawing charts
113 Polarform ..., 18 5.3 Drawing a frequency histogram from a list ... 40
Exponential functions 5.4 Drawing a frequency histogram from a frequency
1.14 Drawing an exponential graph 19 L2 o) OO 41
1.15 Finding a horizontal asymptote 19 5.5 Drawing a box and whisker diagram
Logarithmic functions from a LSt e, - SRR 42
1.16 Evaluating logarithms ... 20 5.6  Drawinga box and whisker diagram from a
1.17 Finding an inverse function ... .. . 21 frequency table ... 42
1.18 Drawing a logarithmic graph ............comec 22 Calculating statistics
Trigonometric functions 5.7  Calculating statistics from a list ... 43
1.19 Degreesand radians ... 23 5.8 Calculat%ng stati.stics from. a frequency table ....... ad
1.20 Drawing trigonometric graphs ..............ccccoocrree. 23 5.9 Calculating the interquartile 1ange .............. 4
. . 5.10 USing StatiStics ...........cceeeevvveerrreeresessssssssssssssesseeneeee 45
More complicated functions . . . e
1.21 Solving a combined quadratic and exponential Calculating binomial probabilities
equation 24 5.11 Use of NCI ..o 45
o 5.12 Calculating binomial probabilities ... 46
fzqzue;fn?:l;;: zfe:';:es 25 Calculating Poisson probabilities
- L T 5.13 CalCulating Polsson prObabllitleS ...................... 48
Modelling , Calculating normal probabilities
1.23 Usmg s1nus91da1 T .egress101.1 ------------------------------------- 27 5.14 Calculating normal probabilities from X-values ... 50
1.24 Drawing a piecewise function..............wwewee. 29 5.15 Calculating X-values from normal probabilities ... 51

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute Using a graphic display calculator




Before you start

You should be familiar with:

e Important keys on the keyboard: on | 2nd) DEL CLEAR| Y=|XT, 0, ENTER| GRAPH
® The home screen

Changing window settings in the graph screen

Using zoom tools in the graph screen

Using trace in the graph screen

1 Functions

1.1 Graphing linear functions

Example 1

TI-84 Plus

For a reminder of how to
perform the basic operations
have a look at your GDC
manual.

Draw the graph of the function y = 2x + 1.

Press \5 to display the Y= editor. The default graph type is Function,
so the form Y= is displayed.

Type 2x + 1 and press [enTeR-

Press 200M | 6:ZStandard to use the default axes which are —10 < x < 10
and —10<y < 10.

Flotl Flokz Flok:
~WiB2E+1
~Yz=1
MW=
“My=
“We=
~“WE=
“MWe=

The graph of y = 2x + 1 is now displayed on the screen.

Finding information about the graph

The GDC can give you a lot of information about the graph of a function,
such as the coordinates of points of interest and the gradient (slope).

1.2 Finding a zero

The x-intercept is known as a zero of the function.

Example 2

Find the zero of y = 2x + 1.

Draw the graph of y = 2x + 1 as in Example 1.

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

P> Continued on next page

Using a graphic display calculator



TI-84 Plus

Press | 2nd) caig | 2:Zero. ?}]!!?!ﬂjg
s luye

Press [ENTER). ~aha

s mlndmue
42 maxinum
ot intersect
i
P

A
T

To find the zero you need to give the left and right bounds of a region that Yi=gH+1
includes the zero.

The calculator shows a point and asks you to set the left bound.
Move the point using the «) and », keys to choose a position to

the left of the zero.

(o LeftEoundT |
Press (ENTER . n=-1.z76E98 IY¥=-1.E£%19]

The calculator shows another point and asks you to set the right bound. Yi=gH+1

Move the point using the _«) and | », keys so that the region
between the left and right bounds contains the zero.

When the region contains the zero press ENTER.

GUESET ]
n=BE10gzBZ IV=z./azlzrr

Press \EFEQ again to supply a guess for the value of the zero.
The calculator displays the zero of the function y = 2x + 1 at the
point (=0.5, 0).

22F 0 ]
==k Y=i

1.3 Finding the gradient (slope) of a line

The correct mathematical notation for gradient (slope) is % You will find

out more about this in the chapter on differential calculus. Here we just need to
know this is the notation that will give us the gradient (slope) of the line.

Example 3

Find the gradient of y = 2x + 1.

First draw the graph of y = 2x + 1 as in Example 1.

P Continued on next page
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Press | 2nd) cAlC | 6: dy/dx. ?}]!!?l!i]]!
o = Lalue
Press |ENTER| - i)
ENIED- Srilndmue
45 maximum
2s intersect
s dysdx
FRERR
Select any point on the line using the | 4) and (» keys and press ENTER).
The gradient (slope) is 2.
duldx=g
1.4 Solving simultaneous equations graphically
To solve simultaneous equations graphically you draw the straight lines and Solving simultaneous
then find their point of intersection. The coordinates of the point of intersection equations using a non-

give you the solutions x and y.

graphical method is covered
in section 1.5.

Note: The calculator will only draw the graphs of functions that are expressed
explicitly. By that we mean functions that begin with ‘y =" and have a function
that involves only x to the right of the equals sign. If the equations are written
in a different form, you will need to rearrange them before using your calculator

to solve them.

Example 4

First rearrange both equations in the form y =

Solve the simultaneous equations 2x + y = 10 and x — y = 2 graphically with your GDC.
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2x+y=10 x—y=2
y=10-2x —y=2-x
y=x—2
To draw graphs y = 10 — 2x and y = x — 2. Flokl Flotz Flaks
Press \Y:) to display the Y= editor. The default graph type is Function, :ﬁ ; Eégaz:}ﬁ:
so the form Y= is displayed. W=
Type 1 t 2x and press ENTER) and x — 2 and press [ENTER). ::3 ; :
Press 200M| | 6:Z Standard to use the default axes which are M=
-10<x<10and -10<y < 10. W=
The calculator displays both straight line graphs
Y1=10-2rand j
Y2= x-2 Pt
xfﬁﬁ#f#ﬁ;

P Continued on next page
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Press | 2nd) CALC | 5:intersect. ?}]!g{]!ﬂ]ﬂ
s g lue

Press [ENTER). 2 oo
SEminimum
42 maximum
intersect
e PR
re IO

Press [ENTER) to select the first curve. ¥i=10-2H

First curve?
n=0 " =110
Press \ENTEQ to select the second curve. Ye=i-2

nd curve?

e
=n- If=-&

)
0]

Select a point close to the intersection using the (¢ and »_ keys and YezH-2
press |ENTER).

.;_;"'.

QULSsT 3
n=Ealrozis IV=1.617021% .

The calculator displays the intersection of the two straight lines at the
point (4, 2).

The solutions are x = 4, y = 2.

1

bepFseckion |
¥=2

==
n=
.
]
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1.5 Solving simultaneous linear equations in two unknowns

Simultaneous and quadratic equations

When solving simultaneous equations in an examination, you do not need to show any You will need to have the App
method of solution. You should simply write out the equations in the correct form and then PlySmIt2 installed on your
give the solutions. The calculator will do all the working for you. GDC. This App is permitted

by IBO in your examination.

Example 5
Solve the equations:
2x+y=10
x—y=2
Press \@ You will see the dialog box as shown on the right. Choose the i]ﬂl_ﬂ!]!i]._mm
App PlySmit2 and ENTER . s Flhnance..
PP FlySmits and press S 2iCt1gHeIF
BHF195mlt2

From the main menu, choose 2: SIMULT EQN SOLVER and press ever. | I TET T
1: POLY KOOT FINDER

B SIHULT EQN SOLVER

= REOUT

4: FOLY HELF

£: SINULT HELF

B: QUIT FOLYEHLT

The defaults are to solve two equations in two unknowns.
.. . . . . EQUATION:WM =4 567 B9 10

Note: This is how you will use the linear equation solver in your UNKNOMNS A= Y4567 8940

examinations. In your project, you might want to solve a more DEC FRAC|

complicated system with more equations and more variables. MOFHAL Eclo g 3 [0

FLOAT R Rl B R -

Press \@ and you will see the template on the right.

Type the coefficients from two equations into the

template, pressing enteR) after each number. The equations must

be in the correct order.

(1.11=H
[MAINTNOCENCLRILOADIZOLYE]

Press s and the calculator will solve the equations, giving the solutions in
the as x, and x,.

i-:zm=2
[HAINVMODENCLEILOADIZOL YE

P Continued on next page
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The solutions are x = 4, y = 2.

[HAINTHODENSY SHE 270 UF 4RO

1.6 Solving simultaneous equations in three unknowns

When solving simultaneous equations in three unknowns there might be a
unique solution, infinitely many solutions or no solutions at all. Geometrically,
if the equations represent planes in three-dimensions, then their solutions would
be intersection at a point, intersection on a line (or plane) or non-intersecting

planes.
I
[
; F—h__ T
|
j /
Example 6
Solve the equations
2x—3y+4z=1
x—y—z=-—1
—x+2y—2z=2
Press | APps). You will see the dialog box as shown on the right. i]ﬂl_ﬂ!_[ﬁi]._[!]iﬂ
Choose the App PlySmlt2 and press ENTEy 3 E C%,TSHE?P
sHF195mlt2

From the main menu, choose 2: SIMULT EQN SOLVER and press enie). | | EEELTE (T TV
i: FOLY ROOT FINDER

EH ZINULT EQN SDLVER

> REOUT

4: FOLY HELF

E: ZIMULT HELF

B: QUIT FOLYZHLT

P Continued on next page
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Change the defaults to three equations in three unknowns. “INMULT EQN *OLYEE HODE
EQUATION=zE4 567 B9 10
UNKNOUNE zE4 567 B 910
[DE L] FRALC

L. CT =CI EnG

FLOAT s e B e - -

RADIAN [EAIA3
HATM HELFIRERTI

Press F5, and you will see the template on the right. VSTEH HATRIA (xx4)
Type the coefficients from two equations into the template, pressing ENTER EP g o | g
after each number. [0 0

B Bl Bl

The equations must

be in the correct order.
i1+11=H

(HATIMYNODENCLRILOADNSOLVE]

Press 8 and the calculator will solve the equations, giving the solutions SVETEH HATRIN (2x4)
as x, x, and x,.

(ol =2
(HATMTHODENCLENLOADYZOLYEL
The solutions are x =3, y =3 and z = 1. <OLUTION
=1 B3
In this example, the solutions represent a point. HE =5
xx=1

(HAINWHODENSY ZHN ST0 TF4kD

Example 7

Solve the equations
2x+4y+2z=38
x+2y+z=4

Press | aPps). You will see the dialog box as shown on the right. i]ﬂamﬂ'_miﬂ
Choose the App PlySmlt2 and press ENTER. .

From the main menu, choose 2: SIMULT EQN SOLVER and press ever). | LT T TR
i: FOLY REOOT FINDER

Bl SINULT EQN SOLVER
3 REOUT

4: FOLY HELF

E: ZIMULT HELF

6: QUIT FOLYEHLT

P Continued on next page
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Change the defaults to three equations in three unknowns. “IMULT EQN =O0LVEFR MODE
EQUATION=zE4 567 B9 10
UNKENOHNE zE4S 67 B9 10
[DELC] FRALC

Il G 5CI ENG

FLOAT s Ric i BN i : i

1D EGREE
AT HELFIMEATI
Press | F5) and you will see the template on the right. SVSTEH HATRIA (2x4)
P [P i 0 1] |
Type the coefficients from two equations into the template, pressing ENTER [ 0 0 ||:| 1
o [0 [ 0 1] 1
after each number.
The equations must
be in the correct order.
i1.11=H
(HAINVHODENCLRVLOADNZOLYEI
Press 5, and the calculator will solve the equations, giving the solutions VSTEH HATRIA (x4

as x, x, and x,.

(zaqp =93
(HAININODENCLRYLOADNZOLYE
: L 3%, . 2x, ~ ZOLUTION SET
The solutions are x = —2—7, y=3 - and z = x, wi B =-2=3/7%2
In this example, the solutions represent a straight line. AL 23_2"" Cxz
Since z = x, (an arbitrary constant) the equations of the line can be o =i
written
7(x+2) 7(y-3)
3 =z (NAINIMODEN=Y SN =70 TREEF)
x+2_JY— 3 __z
3 2 -7
Example 8
Solve the equations
x+2y—32=13
2x—y+x=4
x+2y—32=17
Press | APps). You will see the dialog box as shown on the right. i]ﬂl_ﬂmﬂ._[!lﬂﬂ
Choose the App PlySmlt2 and press ENTER). sFlnance..
PPy press B0 Z:Ct1aHelr
P 195mlt2

P> Continued on next page
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From the main menu, choose 2: SIMULT EQN SOLVER
and press ENTER).

TI-84 Plus

1: FOLY ROOT FINDER
EH ZIMULT EQN SOLYEE
= REOUT

4: FOLY HELF

E: ZINULT HELF

B: QUIT FOLYSHLT

Change the defaults to three equations in three unknowns.

SIMULT EAN SOLYEF HODE
EQUATIONZzE4 567 B9 10
UNKNOHNE zB4 5678910
DEC] FRAC
(AL GIY 5CI EnG
FLOAT i el B3 -l - -
RADIAN [TAAI33
IHATNI HELFIMERT

Press \@ and you will see the template on the right.
Type the coefficients from the three equations into the template,
pressing ENTER) after each number.

The equations must
be in the correct order.

ENETEM HATRIH (3x4)

i1.10=H
(MAINVHODENCLRILOADNSOLVE]

Press \@ and the calculator will solve the equations, giving the solutions

xqﬁi

as x,, x, and x,. E% %1 1'_3 |:|-3 %
[i z =% h]
(ZHIST
(NRINVMODENCLEYLOADNZOL VE!
There are no solutions. SOLUTION

In this example the equations are inconsistent.

no =0LUTION FOURD

INRINTNODENEY SHIRREF]
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Quadratic functions

1.7 Drawing a quadratic graph

Example 9
Draw the graph of y = x> — 2x + 3 and display it using suitable axes.
Press =) to display the Y= editor. The default graph type is Function, so the | Flotl Flatz Flok:
form Y= is displayed. M EHE—2H+3
Type x? = 2x + 3 and press ENTER. M=
o wMa=
— : sWy=
Press zoom | 6:Z Standard to use the default axes which are —10 <x <10 o=
and —10 < y < 10. “MeE=
The calculator displays the curve with the default axes. \J
Adjust the window to make the quadratic curve fit the screen better.
For help with changing
axes, see your GDC
manual.
1.8 Solving quadratic equations
When solving quadratic equations in an examination, you do not need to show any method
of solution. You should simply write out the equations in the correct form and then give the
solutions. The GDC will do all the working for you.
Example 10
e 2
Press \@ You will see the dialog box as shown on the right. Choose the i]ﬂl_ﬂ!]!}l']!ﬂﬂ
App PlySmlt2 and press ENTER) sElnance..
0 12ty press MY ZiCtlgHe IF
B 1a5mlt2

From the main menu, choose 1: POLY ROOT FINDER and press ENTER). | WAINMENU |
: EBFOLY ROOT FINDER

c: SINULT EAN *O0LVER

= HEOUT

4: FOLY HELF

E: STHULT HELF

B: QUIT FOLYZHLT

P> Continued on next page
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The defaults are to solve an equation of order 2 (a quadratic equation) FOLY ROOT FINDEFR MODE
with real roots. You do not need to change anything. ORDERE  1HZ4E6E7E910
FEAL B L TR -0 1Y
DEC FEAL
ML 5CI EnG
FLOAT e R 3 ey -
FADIAN [T403d3
MATMI HELFIRERTI
Another dialog box opens for you to enter the equation. Sz we+giw+an=H
The general form of the quadratic equation is a2x* + alx + a0 = 0, gf :
so we enter the coefficients in a2, al and a0. an =
(HATNIHODENCLEALOADIZOLVE]
Here a2 = 3, al = —4 and a0 = —2. Be sure to use the \@ key to enter the gz witgix+a0=H
negative values. AL =2
Press [EnteR| after each value n=-4
ENIES : an=-21
Press \Esj and the calculator will find the roots of the equation.
(HATNIHODENCLRALOACIZOLVE)
The solutions are x = —0.387 or x = 1.72 (3 sf). 3z wetgyw+an=H
#1 B1. V2872922
He =", 3874258867
INAINTHOCENCOEFT =70 NF 4kD1

1.9 Finding a local minimum or maximum point

Example 11

Find the minimum point on the graph of y = x? — 2x + 3.

Draw the graph of y = x> — 2x + 3 (See Example 9).

Method 1 - using a table i[LEM =SCI  ENG
i nizx45R7HY

1

ADIAN

! FAE FOL =ER
INNECTED U
EQUENTIAL S [N
E
u

You can look at the graph and a table of the values on the graph
by using a split screen.

M a+bi  rehi
LL HORIZ
JNEXT 4

Press MODE and select G-T. F

Press |GRAPH|.

P Continued on next page
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& Y

The minimum value shown in the table is 2 when x = 1.

A et e
|0t el el = L REEY GLLER)
= -

Look more closely at the values of the function around x = 1. TARAELE SETUFP
ThlStart=.382
Change the settings in the table: Press | 2@ TFSEH 1 ﬁégrﬁ E Al
Set TblStart to 0.98 DeFpend:
ATbl to 0.01

Press | 2nd) TBLE {0 return to the graph and table screen.

Press  » to move to the column containing y-values. This shows greater
precision in the box below the table.

The table shows that the function has larger values at points around (1, 2).
We can conclude that this is a local minimum on the curve.

e

Y1=2. 8688

Method 2 - Using the minimum function

Press | 2nd| '(fl_(j | 3:minimum.

Press [ENTER).

EHrinimum
42 masx i mum
2t intersect
B dusdx
RSO adx

P Continued on next page
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To find the minimum point you need to give the left and right bounds V=R E=EHeE
of a region that includes it.

The calculator shows a point and asks you to set the left bound. Move
the point using the | «) and » | keys to choose a position to the left of the
minimum.

Left BEound?

Press ENTER|. n=4BA0B511 Y=z.ZHZBZZE
The calculator shows another point and asks you to set the right bound. V=R E=EHeE

Move the point using the | ) and (», keys so that the region between the left
and right bounds contains the minimum.

When the region contains the minimum press fENTEy.

GUE5ST F
n=1.620:878 Y= NOAYENE

Press [ENTER| again to supply a guess for [

h 1 f th .. In this example the value of x is not 5
WIS VRIS @ 1003 BT GRLEaCIDEDL, exactly 1. This is due to the way the

calculator finds the point. You should [
The calculator displays the minimum | ignore small errors like this when you

point on the curve at (1,2). write down the coordinates of the o "«-9
point. Minimura
w=l.000001y Y=z
Example 12
Find the maximum point on the graph of y = —x2 + 3x —4.
Press \B to display the Y= editor. The default graph type is Function, Floki Flokz Flotz
so the form Y= is displayed. A = | 'HE+3H—-'-‘I-
Type —x? + 3x —4 and press ENTER). ‘“-3 =l
— S -._. 3 —
Press z00M) | 6:Z Standard to use the default axes which are —10 <x <10 WAy=
and —-10 < y < 10. “Me=
“NE=

The calculator displays the curve with the default axes.

Adjust the window to make the quadratic curve fit the screen better.

For help with changing
axes, see your GDC
manual.

P> Continued on next page
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Method 1 - using a table i[IE =CI  ENG
You can look at the graph and a table of the values on the graph by using a E m;i 18 01z:u4tE7BA
split screen. T FAE FOL =EQ
Press mopg and select G-T. ; .m DEIHUL
- i d+bi  Fe“HL
Press [GRAPH). FULL HORIZ
HNERT 4
The maximum value shown in the table is —2 when x = 1 and x = 2. I; s Ly
S ——T s
1 "
& =&
3 -l
i B
L -1y
B “EC
r

Look more closely at the values of the function between x = 1 and x = 2.
Change the settings in the table: Press \@ T‘3}§@.

Set TblStart tol.4
ATbl to 0.01

THELE SETUF
Thlstart=1.4
alhl=.81

Irndrnt.:

DeFend:

Press » to move to the column containing y-values. This shows greater
precision in the box below the table.
Press | x to scroll down until you find the maximum value of y.

The table shows that the function has smaller values at points around
(1.5, -1.75). We can conclude that this is a local maximum on the curve.

Method 2 - Using the maximum function

Press 2nd) (cALg | 4:maximum.

Press [ENTER).

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute
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To find the maximum point you need to give the left and right bounds of a '.'1- -:-:-‘-2+3:-: 11
region that includes it.

The calculator shows a point and asks you to set the left bound. Move
the point using the [ «, and » | keys to choose a position to the left of the

maximum.
P Left Eound?
Press ENTER). LN 5255 18z ¥=-Z.0B0014

The calculator shows another point and asks you to set the right bound. '.'1- S EETH 11

Move the point using the | ¢ and » keys so that the region between the left
and right bounds contains the minimum.
When the region contains the minimum press ENTER).

H 2 L'IF'"IHEBI ¥=-Z.0E001Y

Press ENTER| again to supply a guess

for the value of the minimum. In this example the value of x is not [

The calculator displays the exactly 1.5j This is du(_e to the way the //'9

. . calculator finds the point. You should

maximum point on the curve : . . -
ignore small errors like this when you L

at (1.5, -1.75). write down its coordinates. [

il

Complex numbers
1.10 Operations with complex humbers

Example 13

Evaluate the following expressions

i x7+a+%@—20
2+3)-(3-4)

i \3+4i

iv 1_1
3+7
v (1-9)°
Complex calculations are entered in the same way as you would enter a real ] i ]
expression. 207+, :'+E (4-2i ]
. : = : 1e+1.
To enter the imaginary symbol 7 press number 2nd 7 | Note that the fraction C24TL 0 3—d4 0
Enter the expressions and then press | B template ALPHA) F2) 128+
o does not work with T+d1
The results are as shown. complex numbers. L o
C1—1 105t _
o 2= i
Az kFrac
I
£t
s oL
1=
Sy
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1.11 Conjugate, modulus and argument
Example 14

Letz=1++/3

Find i z*
i |z]
ili arg(z)

i Press mopg| | CPX | 1:conj( condl 1+J38 ]
Enter the complex number. 1-1. 73203085831
To enter the imaginary symbol  press number \SELFJ )
Press ENTER)

ii Press MopE | CPX | 5:abs( | 1+13i |
Enter the complex number. m 2

To enter the imaginary symbol i press number | SHIFT) i

Press \':ENTEy

iii Press MopE | CPX | 4:angle( anglel1+{3i)
Enter the complex number. 1.8471973551

To enter the imaginary symbol i press number |SHIFT, §

'ENTER|
Press ENTER

1.12 Solving equations with complex roots

Example 15

Solve the equation:
2x% —15x2 + 44x—39=0

Press | APps /. You will see the dialog box as shown on the right. i]_ﬂl_ﬂ!ﬂwg

Choose the App PlySmlt2 and press ENTER. 3 . C%-TSHETP
sHF195mlt2

From the main menu, choose 1: POLY ROOT FINDER and press @ | HAINHENL

FEFOLY ROOT FINDER
&: SIMULT EQn ZOLVEFR
= REOUT

4: FOLY HELF

E: ZIMULT HELF

B: QUIT FOLYSHLT

P Continued on next page
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The defaults are to solve an equation of order 2 (a quadratic equation) with

real roots. Change the order to 3 and the roots to a + bi.

Press /5 NEXT

FOLY ROOT FINDEF MODE
ORDERE 1 zE4S6E7EI10
REAL EETH re™iaid

A F Fii |
MELEM =CI ENG

ALl 014567 HD
RADIAN [EAIA3
HAT HELFINEXTI

Another dialog box opens for you to enter the equation.

The general form of the cubic equation is a3x® + a2x> + alx + a0 = 0 so we

enter the coefficients in a3, a2, al and 0.

azx*+  +ai1x+ang=A
az =l

az=
al =
an=
(HATINYNODENCLRILOADNSOLVE]

Here a2 = 3, al =—4 and a0 = — 2. Be sure to use the (Tb key to enter the

negative values. Press e after each value.

Press| F5 and the calculator will find the roots of the equation.

azx*+  +aix+agr=A
az =2

azr=-15

al =44

(MATNNODENCLEILOACIZOL VEN

The solutions are,
x=3+2{,x=3-2iandx=1.5.

az X+ +3i1x+ag=H
=1 HSF20
e =3—21
K =3AL

(HAINWHODENCOEFY ST0 WF4+D

1.13 Polar form

The GDC displays complex numbers in either Cartesian form (z = x + y7) or in

Euler’s form (z = r¢®), but not in modulus, argument form — see 1.11 for how to
find the modulus and argument of a complex number expressed in Cartesian form.

Example 16

i Change 2 + 27 to polar form.
2z
ii Change 3¢? to Cartesian form.

Complex calculations are entered in the same way as you

2+21 rFPalar

i Enter 3¢’ and then press opm) | CPX | 6: ») Rect

Press |ENTER,

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

would enter a real expression. 3 52342?9'“53“L
To enter the imaginary symbol 7 press number | SHIfT) ) B
i Enter 2 + 2/ and then press 0PN | CPX | E :») Polar
Press | ENTER|
2% 2.

3E_FWFHEEt
-1.5+2.592887621 »

P Continued on next page

Using a graphic display calculator




TI-84 Plus

You can also change the mode that the calculator uses to display complex LM =CI ENG
1] nizz4yEa7HY

results in settings. i LEGREE
p N 11
Press MODE/ FAE FOL =EA
) ' ' ANNECTED LY
Select REAL, a + bi for Rectangular or re”6i for Polar. ZEQLE ZIHUL
For example, in Polar mode, typing 2 + 2/ ENTER would result in the number G FEi?"'
being displayed in polar form without entering » | Polar. HIEXT
Exponential functions
1.14 Drawing an exponential graph
Example 17
Draw the graph of y = 3* + 2.
Press | Y= to display the Y= editor. The default graph type is Function, so Flotl ;10"12 Flots
the form Y= is displayed. ~M1E3T+2
Type 3* + 2 and press ENTER. :$ i =
—~ = - ~a— . “My=
Note: Type 3/ (A XT,0,a » to enter 3*. The | »] returns you to the baseline =Me=
from the exponent. “MNE=
Press (200M | 6:ZStandard to use the default axes which are =10 < x < 10
and —-10<y < 10.
The calculator displays the curve with the default axes. /
—_—

Adjust the window to make the exponential curve fit the screen better.

1.15 Finding a horizontal asymptote

Example 18

Find the horizontal asymptote to the graph of y = 3* + 2.

Draw the graph of y = 3* + 2 (see Example 17).

P> Continued on next page
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You can look at the graph and a table of the values on the graph by using a LM ZCI ENG
; K nizzy4yEarHEY
split screen. RROTAN  [IEEER
Press ‘mopE| and select G-T. | FAE FOL ZER
S INNECTE i pOT
Press GRAPH|. EQUENTIF ZIHUL
i T a+bi  FetHQ
FULL HORIZ
HNEXT +
The values of the function are clearly decreasing as x — 0. | = Wy
! 0 K
/ ;|4
—t |z |:@
PR 1 A H H3
L cHE
B rzl
-
Press \":2[19) ;TAlﬂE) to switch to the table. N
Press |4/ to scroll up the table. EE%%
The table shows that as the values of x get smaller, Y, approaches 2. %%%%
K
L
11
Eventually the value of Y, displayed in the table reaches 2. LYy
Press | » to move to the column containing y-values. This shows greater g_
precision in the box below the table. You can see, at the bottom of the &
screen, that the actual value of Y, is 2.00000188168... %
We can say that Y, — 2 as x — —co. ! -5 %_.;..;.1
The line x = 2 is a horizontal asymptote to the curve y = 3* + 2. V=2, 88080122168
Logarithmic functions
1.16 Evaluating logarithms
Example 19
Evaluate log,;3.95, In10.2 and log, 2.
Press ALpHA) \sz | 5:10gBASE(to open the log template.
Enter the base and the argument then press LVENTEQ.
- 1: abst
& EI
= nherive
Y: FnInky
To3EREEL
HTRRIYVAE]
For natural logarithms it is possible to use the same method, with the base | ] 03y, 03900
equal to e, but it is quicker to press (. . S9E597R955
Note that the GDC will evaluate logarithms with any base without having lncl@, 2o
to use the change of base formula. 2. 32238772
10962
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1.17 Finding an inverse function

The inverse of a function can be found by interchanging the x and y values.

Geometrically this can be done by reflecting points in the line y = x.

Example 20

TI-84 Plus

Draw the line y = x so that it can be recognised as the axis of reflection.

Show that the inverse of the function y = 10*is y = log, x by reflecting y = 10* in the line y = x.

Flakl Flokz Flokz

Press Y= to display the Y= editor. The default ~N1ER .
graph type is Function, so the form Y= is displayed. "-3 z E%B
T ENTER. B e W R ES
Tﬂmfgfdszﬁmﬂl\ Note: Type 1) (0) (o) K168 ) iy =
ype ana press (Qigy- to enter 10~ The | » returns you e =
to the baseline from the exponent. -"'I'"I b=
Press winpow! and choose options as shown. IHDOOL
s winggly - =g, 7
This will set up square axes —4.7 < x < 4.7 and —3.1 < y < 3.1. with the Hm;g:q- -
same horizontal and vertical scales. :“:5‘;- 1=1
Ymin=-3.1
Ymax=3.1
Yscl=1
drres=1

Press |GRAPH).

The graphs of y = x and y = 10~ are displayed.

Press 2nd| DRAW | éiDrawInv -
Then press AwHA F4. and choose Y. Alternatively press LOG| X,T, €,
to enter log(x). j\LOG |is a shorter
way to enter IOglo'

—
Press ENTER|.

Orawlnw Yz
Dorne

Press |GRAPH).
The graphs are displayed.
The calculator will display the inverse of the function y = 10+,

Press Y = to display the Y= editor.

Type log(x). Press \@ XT.0,n to enter

log(x). \@ is a shorter way
to enter log, .
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Flotl Flotz Flokz
~N1 B

WzE18"
“WrEloglH)
“Ny=

wNe=

“WE=

P Continued on next page
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Press GRAPH to display the graphs of y = x, y = 10*and y = log, . [
The inverse function and the logarithmic function coincide, showing that I
y = log, x is inverse of the function y = 10~. A ——

1.18 Drawing a logarithmic graph
Example 21

Draw the graph of y = 2log, x + 3.

Press \B to display the Y= editor. The default graph type is Function, so
the form Y= is displayed.

Press (ApHA F2| | 5:10gBASE( to open the log template. é 'JztE“
Enter the base and the argument then press ENTER|. b rive
“ 4: FrInki
To3ERZEC
HTRRDYVAE]

Type 2log,,(x) + 3 and press [ENTER). Flatl Flokz Flokz
Press zoom 6:XStandard so that the calculator displays the curve with the ~H1EZ1 0% CHI+S
default axes. S0 —

wa=

why=

wHe=

“NE=

The calculator displays the curve with the default axes.

Change the axes to make the logarithmic curve fit the screen better.

For help with changing
axes, see your GDC
manual.
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Trigonometric functions

1.19 Degrees and radians

Work in trigonometry will be carried out either in degrees or radians. It is
important, therefore, to be able to check which mode the calculator is in and to
be able to switch back and forth

Example 22

Change angle settings from radians to degrees and from degrees to radians.

Press \IW% INLLLIR  SCI ENG

Select either RADIAN or DEGREE using the », ¢ « (v keys. FLOAT ODIEEF:EEE =asB3
Press (B} FAE FOL 3EQ

Press | 2nd| quiT. B . Dot
b SEQUENTIALJESCTITE
Fi™ i
'[N8 HORIZ G-T
HNEXT 4
1.20 Drawing a trigonometric graph
Example 23
Draw the graph of y = 25in(x +%j +1.
Press | ¥=) to display the Y= editor. The default graph type is Function, Flaotl Floktz Flot:
so the form Y= is displayed. ; [ I ]
! - “WBZ2sin] At
Type y= 25in(x +€j +1 and press ENTER . M=
nha=
“My=
~He=
“NE=

Press (zoow| 7:ZTrig.
The default axes are —=6.15 <x<6.15and -4 <y <4.

N
T
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More complicated functions

1.21 Solving a combined quadratic
and exponential equation

Example 24

Solve the equation x> = 2x + 3 =3-2*+4 o .
To solve the equation, find the point

of intersection between the quadratic
function y, = x*> — 2x + 3 and the
exponential function y, = 3 X 27 + 3.

Press \jj to display the Y= editor. The default graph type is Function, so Flakl Flokz Flobz
the form Y= is displayed. N EHE—2H+3
Type x> — 2x + 3in Y, and press ENTER|. Then type 3 x 2+ 4in Y, SR = KT -H+r.‘|.
and press ENTER. :ﬁ K fl

(Note: Type 2) A (-)) xT.€,4 »] to enter 2-*. The > returns you to the w4 ; =

baseline from the exponent.) “Me=

Press (zoom) | 6:Z Standard to use the default axes which are —10 <x < 10
and —10<y < 10.
The calculator displays the curves with the default axes.

Adjust the window to make the quadratic curve fit the screen better.

Press 2nd) (CALS) | 5:intersect. Fﬂ!ﬂ{.lmlﬂ
= La e

Press ENTER). %:ﬁ?:?mum

42 max1mum
intersect
s (TP s

P T = b

Press ‘«"EN,T,EE‘ to select the first curve. Vi=H™E-2h+Z

FiFsk curye?
w=i P0z1z77 Y=z 49ZOEZE

P> Continued on next page
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Press ENTER to select the second curve.

TI-84 Plus

VESZHE™L "HI+Y

l:ll'ldl:

i-z
n= ?0212?? '|' 4.9z18876

L=
1.

Select a p01nt close to the intersection using the |«
and press ENTER).

<« and » o keys

VESZHE™L "HI+Y

The calculator displays the intersection of the two straight lines at the point
(2.58, 4.50).

The solutions are x = 2.58 and y = 4.50.

“i

Sequences and series
1.22 Summation of a series

Example 25

Find the sum of the first 20 terms of the arithmetic sequence 4, 7, 10, 13, ...
The kth term of an arithmetic sequence is u, = u + (k- 1)d
In this example, u, = 4, d = 3 and n = 20.

5, = S 4+(k-1)3.
k=1

Press |APHA| | F2) and select 2:3(

: qbst

=€
tnbgrive
*FnInke

: TadERZEY,

The template matches the written Sigma formula.
Enter the variables, values and the function as they are written.

Use the » [« [/ (¥ keys to move around the template.
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The sum of the terms of the sequence is 650.

TI-84 Plus

0
P§1i4+'iki—1:'3}
=l

Example 26

Find the sum of the first 12 terms of the geometric sequence 3,-1,
The kth term of a geometric sequence is u,= u,.r*™!
In the example u, = 3, » :—% and n = 12.

W =
\O |—

Press ALPHA| F2) and select 2:3(

: absi

L
fnberive
:FnInks

: 1odERSEL

The template matches the written Sigma formula.
Enter the variables, values and the function as they are written.

Use the ») [« [« (¥ keys to move around the template.

The sum of the terms of the sequence is 2.25, to 3 significant figures.

)

2. 249993766

Example 27
How many terms of the series 2+ 1% + g + é—é +... are needed before their sum exceeds 5.57
In the example u, = 2, r = % and 7 is to be found.
_ n ’ k-1
s, = ;2(5)
Press!
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Flokl Flokz Flobz
=M=

~ & I abst
MR E

= nberive
Y: FnInks
£ 1odERSES
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The template matches the written Sigma formula. Flotl Flotz Flet:
Enter the variables, values and the function as they are written. -4 EE i
Use the » | ¢/ (¥ keys to move around the template. s _...-...
wMar=
why=
W=
In place of the value for 7 type x. Flatl Flokz Flak:
Vi h-1
Type the Sigma formula for the series. ~Y1E R [2 [ % ] ]p »
Press [ENTER) . k=1
a’ e =
This stores the Sigma formula as the function, Y1. wWhe=
Instead of looking at the function as a graph, you will look at it in a table. :$ ; f
The TI-84 Plus displays values in the table as exact, so in order to see the
values of Y1 as decimal fractions press MopE | MATH | 2:» Dec
Press | 21d) TABLE il
You will see a list of the sums of the series for different values of x. = 53333
. x YZeze
The table shows that when n =7, § > 5.5 as required. y 4y.814H
E L.coog
b CYH7ZEZ
T L.648H
——

Modelling

1.23 Using sinusoidal regression

The notation sin?x, cos?x, tan?x, ...

is a mathematical convention that
has little algebraic meaning. To enter
these functions on the GDC, you
should enter (sin(x))?, etc. However,
the calculator will conveniently
interpret sin(x)? as (sin(x))?.

Example 28

It is known that the following data can be modelled using a sine curve:
x| 0 1 2 &l 4 5 6 7
y|69 |94 |79 6.7 92|83 |6.5 89

Use sine regression to find a function to model this data.

Press smf) | 1:Edit and press F3). L1 Lz Lz i
Type the x-values in the first column (L1) and the y-values in the second [i_ EE ______
column (L2). z 2'g

Press \@ or v after each number to move down to the next cell. ;3' EE

Press (» to move to the next column. E EE

You can use columns from L1 to L6 to enter the lists. L =0

P> Continued on next page
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Press \ﬂ) STAT PLoj and eto select Plot1.
Select On, choose the scatter diagram option, XList as L1 and Ylist as L.2.
You can choose one of the three types of mark.

TI-84 Plus

Flotz Flot3
Bor:
grel B L= dhy

You now have a scatter plot of x against y.

Hh: HIH |7
Alistild
Wlist:ilz
Mark: o B
Press \/@ 9:ZoomStat. .
) +
Adjust your window settings to show your data and the x- and y-axes. o * *
+ +

Press | 2nd 1 to return to the Home screen.

Press smr CALC | C:SinReg.
Press 2nd| L1J , 2] &, ALPHA| | F4, choose Y, and press | 3.

Press \@ again.

On screen, you will see the result of the sinusoidal regression.

The equation is in the form y = asin(bx + ¢) + d and you will see the values
of a, b, c and d displayed separately.

The equation of the sinusoidal regression line is

y = 1.51sin(2.00x — 0.80) + 7.99

Sinkeda
g=5%sintbx+c 2 +d
a=1.5868E8551
b=2.88296889:1
C=". 398734307
d=7. 991878656

Press [GrAPH to return to the Graphs page.

Press [ »..
The regression line is now shown in Y,. You can see the full equation if you
scroll to the right.

AE Flokz Flot:
~Vi1B1. SHEREASE ] Ik
wNe=
wWar=
wMy=
wWe=
wWE=
W=
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1.24 Drawing a piecewise function

Example 29
x?—dx+ 3,x<3
Draw the function f(x)=11
—(x-3),x2>3
2
Press \Yt) to display the Y= editor. The default graph type is Function, so the | Flokl Flokz Flokz
form Y= is displayed. S BLHT AT )
Type (x2 — 4x + 3)(x < 3) in Y, and press [NTE. WMeBECH-30 (HED)
1 = =
Type [2 (x— 3)] in Y, and press ENTER|. :3 ﬁ =.
wHe=
To enter the inequalities for the domain use | 2nd) TEST. '|I
Press GRAPH 3
Choose suitable axes to display the curves.
The piecewise function is displayed. T L
R

2 Differential calculus

Finding gradients, tangents and maximum
and minimum points

2.1 Finding the gradient at a point
Example 30

Find the gradient of the cubic function y = x* — 2x?> — 6x + 5 at the point where x = 1.5.

Press | ¥=) to display the Y= editor. The default graph type is Function, so the | Fl¢tl Flotz Flots

form Y= is displayed. ~M EH3—2:"‘:E—E&:"‘:+5
Type y = x* — 2x> — 6x + 5 and press \g@ ::$ § ;.

Note: Type \X@ uy 3 \g to :ﬁ ; :

enter x . The | » returns you to “Me=

the baseline from the exponent.

Press \:@ | 6:ZStandard to use the default axes which are —10 < x < 10 and :
-10<y<10. [\

P Continued on next page
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Adjust the window to make the cubic curve fit the screen better.

For help with changing !
axes, see your GDC A ll'-.. _____
manual. I U

Press | 2nd) CAS | 6: dy/dx. |
Press ENTER). 2 Zero

Press (1)« (5] ENTER). SEminimum
das s 41 maximum

S intersect

[ (S P s

R s

The calculator displays the gradient
of the curve at the point where x = 1.5.

The gradient is —5.25.

In this example the value of xdy/dx
is not exactly —=5.25. This is due to
the way the calculator finds the point du/dw=-5_z49900
gradient. You should ignore small
errors like this when you write down
the coordinates of a gradient at a the
point.

s

2.2 Drawing a tangent to a curve

Example 31

Draw a tangent to the curve y = x3 — 2x* — 6x + 5 where x = —0.5.

First draw the graph of y = x3 — 2% — 6x + 5 (see Example 30).

Press  2nd DRAW. 1 POIMTS STO
Choose 5:Tangent. o ; Li :E'an
Press [ENTER). StHorizontal
o 4illertical
Tandentq
: Or-awF
rdsShaded

P> Continued on next page
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Press (=) (0] [ .J 5] ENTER.
= \.j e i In this example the values —3.25 and
The equation of the tangent is 5.75 are not shown as being exact.

y=-3.25x+5.75 This is due to the way the calculator
finds the values. You should ignore
small errors like this when you write
down the equation of a tangent.

w= -3 2489085 +E. PEQON0E

2.3 Finding maximum and minimum points

Example 32

Find the local maximum and local minimum points on the cubic curve.

First draw the graph of y = x3 — 2% — 6x + 5 (see Example 30).

Press | 2nd) cAlg) | 3:minimum. Fi]!ﬂ%l!}]lg
g lue

Press ENTER. 25 ZTero
Mifimum

S:mai1mum N
sintersec

s Ay

PR R W

To find the minimum point you need to give the left and right bounds of a T T T Y
region that includes it.

The calculator shows a point and asks you to set the left bound. Move

the point using the ¢ and (»] keys to choose a position to the left of the
minimum.

Press (ar@ Lefk Bound?
ress |ENED- W=1.7B7234 Y= -B.MOZ0ZZ
The calculator shows another point and asks you to set the right bound. L S P B LY

k

Move the point using the _«) and [» keys so that the region between the left
and right bounds contains the minimum.

When the region contains the minimum press ENTER).

GUe5ST
n=Z.BBE4E9Z6 Y=-B.Z67E1C

Press | ENTER) again to supply a guess for the value of the minimum.

The calculator displays the local minimum at the point (2.23, —7.24). 1/-\.,\‘

A,

ura 3
0izEE Y=-PLEZEEEE

P Continued on next page
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Press 2nd| CALC | 3:maximum enteR). To find the local maximum point / ‘___'--:

on the curve in exactly the same way.
The maximum point is (=0.897, 8.05).

Haximum b
= BOEENES Y=B.0510479

2.4 Finding a numerical derivative

Using the calculator it is possible to find the numerical value of any derivative
for any value of x. The calculator will not, however, differentiate a function
algebraically. This is equivalent to finding the gradient at a point graphically
(see Section 2.1 example 30).

Example 33

x+3 d
If ¥y =——, evaluate Lo
x dx|,_,

Press [awpHA | 8 ‘ o
Choose 3: nDeriv( to choose the derivative template.

t qbst

tEX
nberive
FnInke

: ToAEREEL

HTRRIYVAE]
Enter x and the function in the template. Enter the value 2. -:Id[;] (N I T
Press [ENTER|.
.. x+3 D
The calculator shows that the value of the first derivative of y = T anl s y=z
is —0.75 when x = 2. -, rodBEE1 375
a
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2.5 Graphing a numerical derivative

Although the calculator can only evaluate a numerical derivative at a point,
it will graph the gradient function for all values of x.

Example 34

If y= —*_ draw the graph of d—y
x+3 dx

Press \B to display the Y= editor. The default graph type is Function, Flokl Flokz Floks
so the form Y= is displayed. =41 =l
whe=
wWa=
why=
wHe=
“HE=
wNe=
Press (APHA| |F2). Flotd Flotz Plots
Choose 3: nDeriv (to choose the derivative template. “Mq Edd— Lifd | O=:
e
wha=
“hy=
wHe=
In the template enter x, the function ﬁ and the value x. AL dﬂ':'tzﬁ gl
Press [ENTER). i Eﬁ[ HeE ]IH:H
wMe=
wr=
“Hy=
wHe=
“NE=
Press [zoom| 6:ZStandard.
The calculator displays the graph of the numerical derivative function
fy="2_.
o x+3
Example 35

3
Find the values of x on the curve y = % +x° —5x +1 where the gradient is 3.

Press | 5 to display the Y= editor. The default graph type is Function, Flokl Flotz Flots
so the form Y= is displayed. ~N1=M

wNe=

wr=

wy=

» Continued on next page
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Press (ALPHA| | F2 ). Flotl Flotz Plot:
Choose 3: nDeriv( to choose the derivative template. M Edd— [ | O=:

Wy =
wWa=
“hy=
sNe=

. 3 Flokl Flote Flokz
In the template enter x, the function %+ x* —5x+1 and the value x. T -
Press |ENTER). M Eﬁ[ = +H =D+
~Ne=N1
W=
“Hy=
wNe=

Press [zoom| 6:ZStandard.
The calculator displays the graph of the numerical derivative function

x3
of y=?+x2—5x+1.

Press | ¥= to display the Y= editor. :

Enter the function Y, = 3.

The calculator now displays the curve and the line y = 3. \\_}f

To find the points of intersection between the curve and the line. ?‘i‘]!!{]!ﬂlg

Press | 2nd) cAlC | 5:intersect. sualye

ph 25 Zero

Press ENTER). Ziminimum

42 mE L mum
intersect
e P Egs b

PR T e s

Press \;Eil\liT?E)R\‘ to select the first curve. Yi=nberivii 3002+ 0 2 -E0

SN X S

S

Firskcurve™
= Y=-E
Press \/ENTER; to select the second curve. V=3 \ {'
Second CUFve?

P> Continued on next page
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Select a point close to the intersection using the .« and » keys Y2=2
and press |ENTER. i
Repeat for the second point of intersection. T :
GUEss T 5
a=sl.foziz?? IY=3
The curve has gradient 3 when x = 4 and x = 2 :
In this example the value of x is not .
exactly 2. This is due to the way the T
calculator finds the point. You should ?{
ignore small errors like this when
you write down the coordinates of a Interseckion F
gradient at a point. n=1.99889938 |¥=3

2.6 Using the second derivative

There is no second derivative function on the TI-84 Plus.

3 Integral calculus

The calculator can find the values of definite integrals either on a calculator page
or graphically. The calculator method is quicker, but the graphical method is
clearer and shows discontinuities, negative areas and other anomalies that

can arise.

3.1 Finding the value of a definite integral
Example 36

8
3
Evaluate x—— |dx.
J 2( Jx )

Press |APHA|  F2).

Choose 4: fnlnt( to choose the integral template.

In this example you will also use templates to enter the rational function
and the square root.

Enter the upper and lower limits, the function and x in the template.
Press [ENTER).

P Continued on next page
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The value of the integral is 21.5 (to 3 sf). ] 3
[ (53 )ax
E 21.51471863

3.2 Finding the area under a curve

Example 37
Find the area bounded by the curve y = 3x% — 5, the x-axis and the lines x = —1 and x = 1.
Press \Tj to display the Y= editor. The default graph type is Function, so Flotl Floks Flokz
the form Y= is displayed. M 53:“:2—5
Type y = 3x2 — 5 and press ENTER]. wWe=
S W=
why=
wWe=
wNE=

Press 200, 6:ZStandard.
The default axes are =10 < x < 10 and —10 < y < 10.

Adjust the window settings to view the curve better.

For help with changing
axes, see your GDC

manual. \

Press | 2nd) cALC 7:]f(x)dx. (RET g

The calculator prompts you to enter the lower limit for the integral.

Type —1 and press ENTER).
Be sure to use the (-) key.

Lotk Limik™

Type 1 and press ENTER. Y1=3K"2-E I

UFFxF L\i}t?-l-/
w=1

P Continued on next page
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The area found is shaded and the value of the integral (-8) is shown on the
screen.

The required area is 8.

Since the area lies
below the x-axis in this

case, the integral is SF(xadx=-A2
negative.
4 VeCtOI‘S There is no scalar product

function on the TI-84 Plus,
but you can find the result
by multiplying the vectors
as lists and then finding the
sum of the terms in the list.

Scalar product

4.1 Calculating a scalar product

Example 38
Evaluate the scalar products:
1 3
- ﬁ{*} b |—1|] 2
3 4 4l
'a Press ang) LIST | MATH [ 5sum(. ~ |HAMES OPS @GNS |
‘ 1iminc
2imaxt
Jimeant
d4imediand
SLM G
tFrodl
Tlstdlewd

Enter the vectors as lists using curly brackets { }. Separate the terms of the |4m £, 3 F*L-F, 4+
vectors using commas.
Multiply the two vector lists together.

Close the bracket and press ENTER. sumt Ll 333,40

(2 == o

b Press|2nd| LIST | MATH | 5:sum(. HAMES OFZ [GENNs
- l1iminc
2imaxt
Jimeant
4:imediand

SLIM G

trrodi
FlstdDewd

P> Continued on next page
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Enter the vectors as lists using curly brackets { }. Separate the terms of the |4, =], J k£33, 25 “12»
vectors using commas.
Multiply the two vector lists together.

Close the bracket and press \@ sumct Ll ~1.42%L3k
1) (3 3
1] 2|=-3
4| (-1

4.2 Calculating the angle between two vectors

The angle 6 between two vectors @ and b, can be calculated using the formula

0= arcos(ﬂ]

allb|
Example 39
Calculate the angle between 2i+3j and 3i-j
Press | MoDE|. [T =CI  EnG
S ey . . A oi1zz4567HB9
elect either RADIAN or DEGREE (according to the units you need your 01 DEGREE
answer in) using the (> ¢} [« v keys. FAE FOL =EQ
- INNECT] ooT
Press |ENTER|. COlE ZTHLL
Press ) Wl e
4NEXT 4
Press 2nd| DISTR). cos1C
Press (awpHA | F1| and select the fraction template 1:n/d cos-1g

P Continued on next page
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Press ‘:,225 LIST | MATH | 5:sum(.

TI-84 Plus

HAMES OFS [RENNS
1iminc
2imaxt
Jimeant
d4imediand

SLM G

tFrodl
Tlstdlewd

vectors using commas.
Multiply the two vector lists together.

|ai +5j| = Ja? + 2

Enter the vectors as lists using curly brackets { }. Separate the terms of the | ¥ sum £ 2.3 H <3215 2 ]

To calculate the magnitudes of the vectors use the formula

Use the », key to exit the templates before entering the final bracket.

4
I I PR

Press |ENTER/. o o cos-1 [ sur-'hzi {::3} H; {31
The angle between 2i+3j and 3i—j is 74.7°. dzEsztupedzde -
rd. 7448813
[
Vector product
4.3 Calculating a vector product
The TI-84 Plus does not have the ability to perform cross products of vectors.
5 Statistics and probability
You can use your GDC to draw charts to represent data and to calculate basic
statistics such as mean, median, etc. Before you do this you need to enter
the data in a list.
Entering data
There are two ways of entering data: as a list or as a frequency table.
5.1 Entering lists of data
Example 40
Enter the data in the list: 1, 1, 3, 9, 2.
Press st 1: Edit and press ENTER). L1 Lz Lz 1

Type the numbers in the first column (L1).
Press \E@ or v after each number to move
down to the next cell.

L1 will be used later when you want to
make a chart or to do some calculations
with this data. You can use columns from
L1 to L6 to enter the list.

?EJ _ EFILC TESTS
it....
: SortA«C

s SortDo
ClrList
SetllrEditor
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5.2 Entering data from a frequency table

Example 41

TI-84 Plus

Bt the dei i dhe el | 1

Frequency

Press s1T)| 1:Edit and press enTeR.

Type the numbers in the first column (L1) and
the frequencies in the second column (L2).
Press \I@ or v after each number to move
down to the next cell.

Press » to move to the next column.

L1 and L2 will be used later when you want
to make a chart or to do some calculations
with this data. You can use columns from L1
to L6 to enter the lists.

[l

Lz

lvu'lm.rw

Drawing charts

Charts can be drawn from a list or from a frequency table.

5.3 Drawing a frequency histogram
Example 42

from a list

Enter the data in L1 (see Example 40).
Press 21| [STATPLOT and ENTER to select Plotl.
Select On, choose the histogram option
and leave XList as .1 and Freq as 1.

Draw a frequency histogram for this data: 1, 1, 3, 9, 2.

ENDET

L1 L2
2iPlot2 0 f
L1 Lz @
SiPlot3 0FfF
L1 Lz @
4LPlots0ff

Flotz  Flot:
EDH‘
yEel L L=
W HOIH |~

wlistili
Frea:l

Press 200M, | 9:Stat.

Xscl will define the width of the bars.

The automatic scales | You may need to A EEEE i Eg&'

do no'F usually give the :fa'e;esan%?U”CtiO” 5 ; FoaLare

best display of the phs. & 6: Z25tandard

histogram. You will E= %}-Pigg | . |
. nLeder

need to change the default values. M ZoomStat,

Press \;wwoowg and choose options as shown. | Wl THOICH

Xmin and Xmax should include the range ﬁﬂ;g:?l

of the data. :“:S(;- 1=1

Ymin and Ymax should include the Ymin=-1 |_|

maximum frequency and should go below ﬁgg:‘ff?

Zero. tRres=1
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Press TRACE.

Use the », key to move to each of the bars
and display their value and frequency.

You should now see a frequency histogram
for the data in the list 1, 1, 3, 9, 2.

min=1
max<e n

11
[t

TI-84 Plus

5.4 Drawing a frequency histogram from a frequency table

Example 43

Draw a frequency histogram for this data:

Number 1(2

Frequency (3 |4 | 6|5

Enter the datalnLl and L2 (see Example 41). EIEHFE?!!E F"IME Flatz
Press \ 2nd) s M and ENT meR) to select Plot 1. |_?-1 - f F |_ lﬂ "y
Select On, choose the hlstogram option 2 Plot?. I:I o a HFes ‘_"_,-
and leave XList as L1 and Freq as L2. L= L1 Lz - 21istn |_.|

S:Plot3 0 F Fres:L:z

e L Lz o

d4Plots0ft
Press (zooM] | 9:Stat. ?ﬁi MEMOR"Y
The automatic scales | you may need to A EESE ) E:}'
do not usually give the | delete any function 5: ZSyuare
best display of the graphs. Y= B: Z2Standard
histogram. You will I E Zlrig
need to change the default values. %%égk%%g{
Press \:V@ and choose options as shown. | Wl THOCI
Xmin and Xmax should include the range ﬁm 1 I"FE
of the data. HEET i
Ymin and Ymax should include the Ymin=-1
maximum frequency and should go below ﬁggﬁf_?
e , Bres=1
Xscl will define the width of the bars.
Press TRACE. P L:L1LE
Use the | » key to move to each of the bars
and display their value and frequency. ol
You should now see a frequency histogram | | |_
for the data in the list 1, 1, 3, 9, 2. EL“;{% T
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5.5 Drawing a box and whisker diagram from a list

TI-84 Plus

Example 44
Draw a box and whisker diagram for this data:
1,1,3,9,2
Enter the data in L1 (seeiExample 40). m{? h FFE Flab:
Press | 2nd, 'statpLof and ENTER| to select Plot 1. oL 1. _
Select On, choose the box and whisker o IETIDLLEE?F'F a dFes i E &
option and leave XList as L1 and Freq BT Lz o “listaLl1
as 1. SEPlot3 0 Fre«x:il
L= L Lz o
44Plots0ft
Press (zooM] | 9:Stat. W MEMORY
The automatic scales do | yo may need A ZEEE i Hg%
not usually give the best | to delete any 5 Z2Saare
display of thebox and | function graphs. | 5 Z5t.andard
whisker diagram. You P’ E E %}-Pig
will need to change the H:!E DENEEEE
default values.
Press \:WINDOW\‘ and choose options as shown. HIHDDLIJ
o . Amln=g
Xmin and Xmax should include the range Ymax=10A
of the data. ::-::5_@_ 1=1
Ymin and Ymax do not affect the way in Ymin=-1
which the diagram is displayed. ﬁggi{;?
drres=1
Press [@. F 111*_ I
Use the »] key to move the cursor over the | | I
plot to see the quartiles, Q1 and Q3, the
median and the maximum and minimum
values.
Hed=2

5.6 Drawing a box and whisker diagram from a

frequency table

Example 45

Draw a box and whisker diagram for this data:

Number 1121345
Frequency |3 (4|6 |5 |2
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Enter the data in L1 and L2 m Flotz Flot:
(see Example 41). LI EU'F f
=H

u]
[ L1 L o

— O u L L= dhs
PreSS \%ﬂq) \SI&TW and \ENTER to SeleFt PlOt 1 2 : P 1 th___l:l'F-'F. t :ﬂ: Ii
Select On, choose the box and whisker L= L1 Lz - Ylistilq
diagram option and leave XList as L1 and | 3% EDL:'_.EEII f FregilLz
Freq as L2. - o
a 44PTots0fF
Press 200M) | 9:Stat. ?ﬁi MEMORY )
The automatic scales do QoM Out, .
. You may need 4: Z0ecimal
not usually give the best | 1, yolete any 5 Zoyyare
display of the box and | function & 25tandard
whisker diagram. You graphs. Y=, EE E}-I"‘%g
will need to change the ﬂ:.!z GQNEEEE
default values.
Press | wivbow) and choose options as shown. | W IHDOW :
Xmin and Xmax should include the range ﬁr"' 1 nfE
of the data. Hgg}f;].
Ymin and Ymax do not affect the way in Ymin=-1
which the diagram is displayed. ﬁma}f=?
SC1=
bares=1
Press TRACE. FiLilz ¥

Use the (»] key to move the cursor over the
plot to see the quartiles, Q1 and Q3, the
median and the maximum and minimum

values.

Hed==

Calculating statistics

You can calculate statistics such as mean, median, etc. from a list,
or from a frequency table.

5.7 Calculating statistics from a list

Example 46

Calculate the summary statistics for this data: 1, 1, 3, 9, 2

Enter the data in L1 (see Example 40). OIT TESTS 1-War Stat=s Li
Press s | CALC | 1:1-Var Stats. 1-War =tats

g T s 2-VMar Stats
Type 2nd L) and press ENTER.

: Med-Med
iLinkegCax+hi
! QuadReq
:CubicReg
LEgartReg

P Continued on next page
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The information shown will not fit on a single
screen. You can scroll up and down to see it all.
The statistics calculated for the data are:

mean X
sum  Xx
sum of squares Yy’
sample standard deviation s
population standard o

deviation
number n

minimum value  MinX
lower quartile ~ Q,
median  Med
upper quartile  Q,
maximum value  MaxX

1-Yar Stats
Th=5
minE=1

1:
Med=2
Llz=5
maxs=3

5.8 Calculating statistics from a frequency table

Example 47

Calculate the summary statistics for this data:

Number 1 (2|3 |4]| 5
Frequency | 3 | 4 | 6 | 5| 2

Enter the data in L1 and L2 (see Example 41).
Press sm | CALC | 1:1-Var Stats.

Type 2nd) \@ ) 2nd) 12 and press ENTER .

1ar Stats Li-LzH

The information shown will not fit on a single
screen. You can scroll up and down to see it all.
The statistics calculated for the data are:

mean X

Dx
2

dx

sample standard deviation s

sum

sum of squares

population standard
deviation

number n

minimum value  minX
lower quartile ~ Q,
median  Med
upper quartile  Q,
maximum value = MaxX

1-Yar Etats

1-Var Stats
Th=28
minE=1
[11=2

Med=3

[1z=d
MazxA=n
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5.9 Calculating the interquartile range
Example 48

TI-84 Plus

Calculate interquartile range for this data:

Number 112 |3 |45
Frequency | 3 | 4 | 6 | 5| 2

First calculate the summary statistics for this data (see Example 47).

(Note: The values of the summary statistics are stored after One-Variable
Statistics have been calculated and remain stored until the next time they
are calculated.)

Press \T@ | 5:Statistics... | PTS | 9:Q3 \E"‘ﬂ J !@ | 5:Statistics... |
PTS | 7:Q1 ENTER.

The calculator now displays the result:

Interquartile range = Q, - Q, = 2

The interquartile range is the
difference between the upper and
lower quartiles (Q,— Q,).

5.10 Using statistics

The calculator stores the values you calculate in One-Variable Statistics so that
you can access them in other calculations. These values are stored until you

do another One-Variable Statistics calculation.

Example 49
Calculate the ¥ + ¢ for this data:
Number 112 |3 |4]|65
Frequency | 3 | 4 | 6 | 5| 2
First calculate the summary statistics for this data (see Example 47). T
(Note: The values of the summary statistics are stored after One-Variable 4.1331268942
Statistics have been calculated and remain stored until the next time they
are calculated.) -
Press VARS| | 5:Statistics... | 2: ¥ ENTER| | = || ARS) | 5:Statistics... 4:0x |ENTER)
The calculator now displays the result:
X +0, =4.15 (to 3sf)
Calculating binomial probabilities
5.11 The use of nCr
Example 50
) 8
Find the value of 3 (or ,C,)
Press 8. THTH EUM CPxs [WE=
Press | ma 3:nCr. = ™3
2 21 hPr
Press (3 ENTER . ?nﬂr‘
= !
aeirandIntc
&2 randbormc
rdrandBind
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Press |ENTER|. S nCE 3
]
Example 51
. 4
List the values of ( ] forr=0,1, 2, 3, 4.
r
Press | 5 to display the Y= editor. The default graph type is Function, so Flotl Flokz Flokz
the form Y= is displayed. ::3 ; E-‘-‘I- I
Press 4. W=
Press m 3:nCr. wMy=
Press x,T,6,n ENTER). ~Me=
M=
Press  2nd| TABLE). 74 Y4
The table shows that [ji._ Ei
{4} ] {4] ; (4] ‘ (4} p You may need to reset the z 5
SR T T tart val di tal * Y
0 1 2 3 sStart value an |ncrem.en a q 1
4 vailues for the table using [ 0
and [ ]:1 ( 2nd, TBLSET & i
2ndj TBLSEY T

5.12 Calculating binomial probabilities
Example 52

X is a discrete random variable and X ~ Bin(9, 0.75).
Calculate P(X = 5)

9
P(X =5) =(5]0.755 0.25*

The calculator can find this value directly.

Press 2nd/ DISR) A:binompdf{(. T DEAL
. , Colf

Enter 9 as trials, 0.75 as p and 5 as x. the values: n (numtrials), p binompdf <

Select Paste and press ENTER| and x, in order. s bhinomcdf .

Press |ENTER) again CiroissonrFdf

\ D:Fpolssoncdf ©

E:Jeometrdf
F:3eometcdf

The calculator shows that P (X' = 5) = 0.117 (to 3sf). bhinomedf (9.8, 75k

. 11673954803

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute Using a graphic display calculator




TI-84 Plus

Example 53

X is a discrete random variable and X ~ Bin(7, 0.3).
Calculate the probabilities that X takes the values {0, 1, 2, 3, 4, 5, 6, 7}.

Press 20d) DISIR| A:binompdf{(. DEAL
Enter 7 as trials, 0.3 as p and leave x blank. iy to
p— You should enter ] 1 nomFEdf

SeleCt’ Pasf[\e anfi press | ENTER) the values: n (numtrials), p tbhi I‘_'IDNC-CI'F 4

Press ENTER| again and x, in order. CiFO 1 ssonPdf L
D:rFpolssoncdf ©
E:Jeometrdf
F:3eometcdf

The calculator displays each of the probabilities. binomedf 7.8, 30

To see the remaining values scroll the screen to the right. L. 8323045 24700

The list can also be transferred as a list.

Press | siox) 2nd) 14, binomedf (7.8, 3

Press [ENTER). éHEEE?Ef-‘E « 2947 Bk

L. 8823543 24700

Press sm| 1:Edit... L1 Lz L2 1
The binomial probabilities are now displayed in the first column. A | -

L=, BE0554 7

Example 54

X is a discrete random variable and X ~ Bin(20, 0.45).
Calculate

a the probability that X is less than or equal to 10.

b the probability that X lies between 5 and 15 inclusive.
c the probability that X is greater than 11.

Press | 2nd, DISR) B:binomcdf{(. = _FEIEF""'I
: A: binomFdf
You are given the lower binomcdf €
bound probability so you You should enter tFroilssonFdf
have to calculate other the values: n (numtrials), D:irFroissoncadf o
probabilities using this. p and x, in order. E:Qeometrdf
F:Qeometcdf ¢

P> Continued on next page
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a Enter 30 as trials, 0.45 as p and 10 as x. binomcdf 28,8, 4
Select Paste and press ENTER| . rod? 1864
Press ENTER| again [

P(X < 10) = 0.751 (to 3sf).

b PO=X=<15=PX=<15-P(X<4) binomcdt C28. 1, 4l

Press  2nd| DISTR) B:binomcdf( - L A7IeE0384 1

Enter 20 as trials, 0.45 as p and 10 as x.

Select Paste and press \‘IﬁTJE&\‘

Type (-) and then Press \@ DISTR| B:binomcdf(
Enter 20 as trials, 0.45 as p and 4 as x.

Select Paste and press [ENT@

Press [ENTER| again

P(5 < X < 15) = 0.980 (to 3sf).

c PX>1)=1-PX=<1) 1-binomcdf (2@, Bk
Enter 1| - and then Press 2nd] | DISTR) B:binomcdf( . 138764971
Select Paste and press ENTER| b
Press |ENTER| again
P(X>11) =0.131 (to 3sf).

Calculating Poisson probabilities
5.13 Calculating Poisson probabilities
Example 55

X is a discrete random variable and X ~ Po(0.5)

Calculate

i P(X=2)

i P(X<2)

WD)

. e x(0.5)

i P(X=2)= 2(! ) A

# owaluei

The calculator can find this value directly.
Press \% | DISTR | C:poissonpdf(
Enter the parameter and the X value.
Select Paste and press \ENTE&

Press ENTER again.
The calculator shows that
P(X =2)=0.0758 (to 3 sf)
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i P(X<2)

The calculator can find this value directly. 2IAL5

Press \@ | DISTR | D:poissoncdf( ® waluel 2

Enter the parameter and the upper bound 2. Faste

Select Paste and press ENTER

Press |ENTER) again. Folssoncdf (8. 3.k
The calculator shows that 985612322

P(X < 2) = 0.986 (to 3 f) A

-0.5 3 -0.5 4 -05 5
e x(0.5) L E x(0.5) LE x(0.5)
3! 41 51

=1-P(X <2)

The calculator can find this value directly. i i Eé?ue . 7

Type 1- Faste
Press 2nd, | DISTR | D:poissoncdf(

Enter the parameter and the upper bound 2.
Select Paste and press ENTER)

i P(X>2)= +...

Press [ENTER again. l1-Foissoncdf C8. 'k
The calculator shows that H14337E73

P(X > 2) = 0.0144 (to 3 sf) B

Example 56

If X ~ Po(A) find the value of A, correct to 3 decimal places, given that
P(X=2)=0.035.

There is no inverse Poisson function on the TI-84, so instead you
could use the numerical solver function to find a value of A when
you are given a probability.

Press wmam) | B: Solver... ECUATION SOLVER

Ml AN
If no equation is stored, the screen will display eqn: 0=, if not then press 2SN b=

4 and CLEAR.
It is necessary to enter the variable x in the numerical solver and also an
initial guess — 0 is close enough.

P> Continued on next page
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Press 239 | DISTR | C:poissonpdf{( F-0issonEdF|
Enter the value of A as X, the value of # as 2. A0

Select Paste and press ENTER azte
Type —0.035 and press \ENTEB ERUATION . SOLVER
This makes the equation 0 = P(X = 2) — 0.035 e B=polizsonFdf

(e 20-8.835

Enter an initial guess for x — 0 is close enough. FolssonFEdf Cx. . .=3
Then press @ SOLVE b;L-II"Id= { _1 EE‘? . 1
The required value of A is 0.309 (to 3 sf). FolssonFrdf s, . =H
n =L SHEVIEASERE..
bound=+{-1e99.1...
» left—rt=0

Calculating normal probabilities
5.14 Calculating normal probabilities from X-values

Example 57

A random variable X is normally distributed with a mean of 195 and a standard deviation
of 20 or X ~ N(195,20?). Calculate

a the probability that X is less than 190.

b the probability that X is greater than 194.

c the probability that X lies between 187 and 196.

Press | 2nd) DISR] | 2:normalcdf(. _ _?_El_ﬁ OFEAL
The value E99 is the largest value that tnormaledf o
PR can be entered in the GDC and is used EHrnormal cdf
Press |ENTER). You should enter the in the place of oo. It stands for 1 x 10%° } . j.l"l'-.-'HCll"“l'"l':
values, Lower Bound, (—E99 is the smallest value and is \"'1'5 1
Upper Bound, u and o, used in the place of —/oo).\Ty(/) ehter the E; %ESEE
in order. E, you need to press | 2nd; ‘EE/ ‘le-}i: cpdfc

P> Continued on next page
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a P(X<190) hormalcde C 99,
Enter Lower Bound as —E99, Upper Bound as 190, x to 195 and o to 20.
P(X < 190) = 0.401 (to 3 sf) 499, 196, 1935, 282
hormalcdf ¢ ~g99, ¥
LA 2957256
il
b P(X<194) hormalcdf 194, g
Enter Lower Bound as 194, Upper Bound as E99, u as 195 and ¢ as 20.
P(X > 194) = 0.520 (to 3 sf) 494, 99, 195, 282
hormalcdf (194, g
219932874
c P(187 < X<196) hormalcdtf (187 1
Enter Lower Bound as 187, Upper Bound as 196, u as 195 and o as 20.
P(187 < X < 196) = 0.175 (to 3sf) 1572 196. 193. 2008
riormalcdf (187, 1
. 1723eE5711

5.15 Calculating X-values from normal probabilities

In some problems you are given probabilities and have to calculate the associated
values of X. To do this, use the invINorm function.

4 When using the Inverse Normal function,
make sure you find the probability on the
correct side of the normal curve. The
areas are always the lower tail, that is
they are always in the form P (X < x).

If you are given the upper tail P(X < x), you
must first subtract the probability from 1
before you can use invNorm.
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You are given a lower-tail probability
so you can find P(X < x) directly.

Example 58

A random variable X is normally distributed with a mean of 75
and a standard deviation of 12 or X ~ N(75, 122).
If P(X < x) = 0.4, find the value of x.

Press 2nd) DISR) | 3:invNorm(. _ DREAL
You sho.u.ld enter the v_alues. area T ROF S 1 F_I:H_-. (
S (probability), 4 and o, in order. 2 normMa 1 C.IZH'" ,:
Press |ENTER). iruHorm
Pin T

Enter area (probability) as 0.4, i as 75 and ¢ as 12. 1 HormCE, 4. 75, b
So if P(X < x) = 0.4 then x = 72.0 (to 3sf). rl.395983473
H

Example 59

A random variable X is normally distributed with a mean : : ”
You are given an upper-tail probability so

of 75 and a standard deviation of 12 or X ~ N(75,122). you must first find P(X <x)=1 - 0.2 = 0.8.
If P(X > x) = 0.2, find the value of x. You can now use the invNorm function as
before.

You should enter DRHI""
the values: area : I’ICII"‘I'"I-E].F'd'F':
Press (e ©s: 25 normal cdf il

ress |ENIE)- (probability), 1 inuvHorme

and o, in order. < %‘HEIE

ttE
Bt todf o
rdXEpdfC

Press | 2nd) DISR) | 3:invNorm(.

Enter area (probability) as 0.8, p as 75 and G as 12. 1nvHormiE, 8. 70, ¢

So if P(X > x) = 0.2 then x = 85.1 (to 3 sf). . 25, 0994543

This sketch of a normal distribution
curve shows this value and the
probabilities from Example 59.

0.8 0.2

T
85.1
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