TI-84 Plus

Using a graphic display
calculator

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.
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TI-84 Plus

Before you start

You should be familiar with:
e Important keys on the keyboard: o) | 21d) DEL (CLEAR) (Y= X.T, 0,1 |ENTER) (GRAPH)
® The home screen

For a reminder of how to
perform the basic operations

e Changing window settings in the graph screen have a look at your GDC
e Using zoom tools in the graph screen manual.
e Using trace in the graph screen

1 Number and algebra 1
Simultaneous and quadratic equations

1.1 Solving simultaneous linear equations

When solving simultaneous equations in an examination, you do not need to

You will need to have the App
show any method of solution. You should simply write out the equations in the

PlySmIt2 installed on your

correct form and then give the solutions. The calculator will do all the working GDC. This App is permitted
for you. by IBO in your examination.
Example 1
Solve the equations:
2x+y =10
x—y=2
Press | apps . You will see the dialog box as shown on the right. Choose the i]ﬂ?_!_'!ﬂ._[!]lﬂ
App PlySmlt2 and press ENTER . s lhance..
a3 2:Ct1gHelr
EHF19Sm1t2

From the main menu, choose 2: SIMULT EQN SOLVER and press j"ENTEy\. | HWAINMERUD = |
o 1: FOLY ROOT FINDER

Ef IHULT EQn ZO0LYEFR

2t AEOUT

4: FOLY HELF

C: ZIHULT HELF

G: QUIT FOLY:SHLT

The defaults are to solve two equations in two unknowns. SINULT EQMN ZOLYEF; HODE

.. . . . : EQUATIONZW@ =4 567 B9 10
Note: This is how you will use the linear equation solver in your UNKNOWNE BZ4567 B 940

examinations. In your project, you might want to solve a more DEL FRAC]

complicated system with more equations and more variables. NOFHAL e S | I

FLOAT U R B ey - -
FADIAN [TE01A4

(MAIMNI HELFIREXTI

P Continued on next page
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TI-84 Plus

Press 5] and you will see the template on the right.

. . . [ 0 0 1
Type the coefficients from two equations into the The equations must [ E 0 | ] 1
template, pressing ENTeR| after each number. be in the correct order.
i1.1)=H
(HAINWHODENCLRYLOADNZOLYVE]
Press \:ngj and the calculator will solve the equations, giving the solutions as ZYSTEM HATRIW C2=3)

x, and x,. EE {1 |&:]|

(zs31=2
(NAINYNODENCLEYLOADNSOLVEI

The solutions are x = 4, y = 2. ZOLUTION
#1 B4
we =2

(HAINWHODENSYSHN 270 UF kD1

1.2 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 calculator will do all the

working for you.

Example 2

Solve 3x2 —4x—2=0

Press | apps ). You will see the dialog box as shown on the right. Choose the i]ﬂ?_!l!}]._ﬂ]lﬂ
App PlySmit2 and press ENTER). .

From the main menu, choose 1: POLY ROOT FINDER and press [ENTER). | HAInHEOnW |
\ EE FOLY ROOT FINDEFR

c: SIHULT EQn SOLYER

2 AEOUT

4: FOLY HELF

E: SIHULT HELF

bB: QUIT FOLYZHLT

» Continued on next page
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The defaults are to solve an equation of order 2 FOLY EOOT FIRDEFR HODE

(a quadratic equation) with real roots. You do not need ORDER  1EZ4E6EF B9 10
FEAL I L TR T

DEC

SCI ENG

FLOAT I R B e -

to change anything.

FADIAN [T40144

MAIM  (HELFIRERTI
Another dialog box opens for you to enter the equation. az wi+gi<+an=H0
The general form of the quadratic equation is gf :

ax’ + ax+a, =0, so we enter the coefficients in a0 =
a, a, and a,.

INRINYNODENCLRILOADIZOLYE]

Here a2 = 3, al = —4 and a0 = —2. Be sure to use the \@ key to enter the Az xe+a1x+ap=H

negative values. Se f'—:':
- ai=-4
Press ENTER, after each value. a0="-2B
Press \@ and the calculator will find the roots of the equation.
MATMHOCENCLEALOADNEOLYE]

The solutions are x = —0.387 or x = 1.72 (3sf). gz vty w+ap=H

#*1 B1. 72872922

e =", 3874208867
(HAINAHODENCOEFY =70 NF4kD1
Standard form and significant figures
1.3 Standard form
Numbers written in standard form are in the form a X 107, 2. .d#%1 EL'
where ] <a<10and n e Z. 24E66A
There are three different ways of entering a number in standard form. 2.4 *II:ILI
For example, to enter 2.4 X 10 press the keys 24[EA
2) (4 & o) (&3 (& or 2_4El’-1-
2y (24 & 2 108 4 or m
2) ()4 8 4
Example 3
Given that x = 2.4 x 10* and y = 3.6 x 10°, find the value of
a 2x+3y b xy?
Enter the values using one of the three methods previously highlighted. Tk Al El'-l FIHT . Gk
In normal mode, the calculator will display the result either as a normal ) 58;399
number or, if it is a large number, in standard form. T 4*IDH+3*3 Gk ¥
Write your answer in standard form. For 3.11E11, write 3.11 x 10''. 522688
242, 44+ 33 GES

P Continued on next page
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After you enter an When you enter a 2.d%10 %3, 6167k
exponent, you wiil‘l number us\ing either 3 . 1 1@4 E 1 1
need to press | » | to A or \% 10%, you Yy 3 e
return to the base line should use brackets 2. dkin |:33 '15'1:5'5. :Il 1
of the calculation. before you square the - = E
number. Z2.4Ed+3.6ES
5. 11H4ET ]
To change the answer to standard form, press N@ NORHAL EEl EnG
Choose ‘SCI’ for the Exponential Format. I'| 01lz:HE67HI
Press | 2nd) QuIT) to return to the calculation page. T FAE FOL ZER
_ ) ] Dot
Note: Remember to return the settings back to normal when ' STHLUL
you have finished. EEE;E "Ei#i-'
HNERT 4
All results are now given in standard form: 242 ded+3%E . GES
a 5.88x 10 2. 254
b 3.11x 10" 2. 4E4*3, GEZ
S« 118411
|

1.4 Significant figures Your GDC is not much

For Mathematical Studies, answers to questions should be rounded to help as it will only

3 significant figures (3 sf), unless told otherwise. round to a set number
of decimal places (dp).

Example 4

Do these calculations. Give each of your answers correct to 3 significant figures (3 sf).
a dxnm b 3.629 x 2.76 c 123x12

To change the answer to 1 decimal place, press MODE . NOKMAL ENG
Choose ‘1’ for the number of decimal places. Elﬁgﬂn ﬂ% S67E3
Press 2nd, |Quil to return to the calculation page. I FAE FOL ZEQ
Note: Remember to return the settings back to normal when ; i DEIHUL
you have finished. a+bi- Pt
HORIZ G-T
HNENT 4
All results are now given in rounded form: EE
a 12.61s correct to 1dp. This is the same as 3 sf for this example. 12.6
b 10.0 is correct to 1dp. This is the same as 3 sf for this example. 2. 629%2,. 76
c 1476 is 1480 to 3 sf. Since the rounding is before the decimal point, the 18.8
GDC will not round this answer. 123412
. 1476.4
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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.

2 Descriptive statistics

Entering data

There are two ways of entering data: as a list or as a frequency table.

2.1 Entering lists of data
Example 5

Enter the data in the list: 1, 1, 3, 9, 2.

Press smr) 1: Edit and press [ENTER). L1 Lz L= 1
Type the numbers in the first column (L 1).
Press [ENTER| or v after each number to move
down to the next cell.

L1 will be used later when you want to SE"LUF'Ell‘l 1tor
make a chart or to do some calculations
with this data. You can use columns from
L1 to L6 to enter the list.

lvml.-.u--l--

Lig)=

2.2 Entering data from a frequency table
Example 6

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

Enter the data in the table:

Press st | 1:Edit and press [ENTER). _ Lz L= z
Type the numbers in the first column (L.1) and 2 it... i S [
the frecgncies in the second column (L2). ; Egﬁ%g E % E

Press [ENTER| or v after each number to move :ClrList ; ]

down to the next cell. tSetlUrEditor | —-eee- h

Press » to move to the next column. Toig) =

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.
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Drawing charts

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

2.3 Drawing a frequency histogram from a list

Example 7

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

Enter the data in L1 (see Example 5). W Flotz Flok:
Press \ 2nd STAT pLoT and ENTER' to select Plotl. ol f EEF f

Select On choose the hlstogram option o IF'_].CILI"LE Off = HFes H"JIT % ;E
and leave XList as L1 and Freq as 1. [ L1 Lz = Mlist I.l -
SJiPlot3 0Ff Frex:il
Lo LY Lz o
44Plot=0ff

Press \ZOOM | 9:Stat.

The automatic scales You may need to
delete any function
graphs. &

aom Out.
Zl0ecimal
Zouare
25t.andard

do not usually give the
best display of the

histogram. You will 51 r‘%,gg . | . I
¢ i @ e dle kol e, = & lntegder
nee O C ange € derault values EDDmStat

Press \:WINDOW? and choose options as shown. | 1 |"-||;I|:||.l.|

Xmin and Xmax should include the range ﬁmég:?l

of the data. ::-::5':. 1=

Ymin and Ymax should include the Ymin=-1 |_|
maximum frequency and should go below ,T,Eg:’ff 1

ZEro. dxres=1

Xscl will define the width of the bars.

Press \TBBCB‘ F1i:L1

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. LUl -

2.4 Drawing a frequency histogram from a frequency table

Example 8
Draw a frequency histogram for this data: | number 1] 9
Frequency 5
Enter the data in L1 and L2 (see Example 6). m-% F'1i:-|:2 Floks
Press | 2nd STAT pLoT and | ENTER to select Plot 1. . E .
Select On choose the h1stogram option o IF'_].EIL1‘|'.-2 Of F a Fes L Iﬁ "'
and leave XList as L1 and Freq as L2. L1 Lz = Mlist: L1
JiPlot3. DFF Freailz
L L1 =
4¢P1Dt5DFF

» Continued on next page
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Press (zoom| | 9:Stat.
The automatic scales

You may need to
delete any function

do not usually give the = graphs. Y=/

TI-84 Plus

best display of the : 75t andard

histogram. You will _ E ZTrig

need to change the default values. ,: %égk%ggi

Press | wiNpow) and choose options as shown. | W THDIOU

Xmin and Xmax should include the range ﬁmégfg

of the data. . ®acl=1

Ymin and Ymax should include the Ymin=-1

maximum frequency and should go below "l"l"'la}if?

i

Xscl will define the width of the bars.

Press [TRACE). FLiLiiLE

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:z -
ax<E n=4

2.5 Drawing a box and whisker diagram from a list

Example 9

1,1,3,9,2.

Enter the data in L1 (see Example 5).
Press 2nd) saTpLoT and ENTER to select Plot 1.
4 i

Draw a box and whisker diagram for this data:

s

(]
Selgct 'On, choose th.e box and whisker o I|5'_1 DLLZE?F' F & b T
option and leave XList as L1 and Freq L= L Lz o Mlistol g
as 1. JTPlot3 0FF Fre=:l
Lo LY Lz o

4Plots0f
Press zoom) | 9:Stat. MEMOR"Y' ;
The automatic scales do [ yo, may need | ZEDN ) u'-'”i-
not usually give the best | o delete any ; 2555;&2
display of the box and function graphs. : 25t andard
whisker diagram. You P | s Z2Trig
will need to change the : 2 Integer

ZoomStat
default values.
Press \fwmnow) and choose options as shown. EIHI Fllj_ UEIE
g g MlhN=
Xmin and Xmax should include the range Yrax=1A
of the data. warl=1
Ymin and Ymax do not affect the way in 3[‘1 1 I"|=_-}:1
" " .. Mmax=

which the diagram is displayed. Ve l=1

drres=1
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TI-84 Plus

Press [TRACE. F 1iE
- S —
Use the | » | key to move the cursor over the | t

plot to see the quartiles, Q1 and Q3, the
median and the maximum and minimum

values.

Hed=2

2.6 Drawing a box and whisker diagram
from a frequency table

Example 10

Draw a box and whisker diagram for this data:

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

Enter the data in L1 and L2

(see Example 6).

Press | 2nd) STAT PLQT} and ENTER| to select Plot 1.
Select On, choose the box and whisker
diagram option and leave XList as .1 and
Freq as L2.

Press (zoom | 9:Stat.
The automatic scales do

] to delete any
not usually give the best | ¢, tion
display of the box and graphs. | Y=
whisker diagram. You
will need to change the
default values.

You may need

Press |winbow) and choose options as shown. | WIHDOW |
Xmin and Xmax should include the range Amin=g
of the data AMAR=6
: : ‘ Ascl=1
Ymin and Ymax do not affect the way in Ymin=-1
which the diagram is displayed. Ymax=3
Yscl=1
drres=1
Press \‘mﬁg. Fi:L1sLZ *
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=Z
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Calculating statistics

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

2.7 Calculating statistics from a list

Example 11
Calculate the summary statistics for this data: 1, 1, 3, 9, 2
Enter the data in L1 (see Example 5).
Press smf | CALC | 1:1-Var Stats. . é_ugi 5%3%2
: Med-Med
:LinRe9lax+bo
: Quadkeg
:CubicReg
+BuartReg
Fill in the wizard. On clearing the home . =
L1 is the default list, screen, scrolling up will IIEr{EEI._II;t .
For data in a list you should leave FreqList blank. | bring up the command Calcul até-
Select Calculate and press ENTER. 1-Var Stats L1, which
o can then be pasted.
The information shown will not fit on a single screen. [1-4ar Ztats]
You can scroll up and down to see it all. §=§ i E
The statistics calculated for the data are: E§E=95
mean ¥ Sx=3.3465481 05
ax=2. 993325909
sum  Xx =5
2
sum of squares  2x
sample standard deviation s,
population standard o, = 1otk stats]
deviation min¥=1
number n =1
minimum value  MinX H§'2=2
lower quartile ~ Q, maxs=3
median  Med
upper quartile  Q,
maximum value = MaxX
Note: You should always use the population standard deviation (o) in
Mathematical Studies.

2.8 Calculating statistics from a frequency table
Example 12

Calculate the summary statistics for this data:

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

» Continued on next page
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Enter the data in L1 and L2 (see Example 6). .
pans On clearing the home Lizt:Lq
Press STAT/ | CALC | 1:1-Var Stats. screen, scrolling up will FI‘"E'='I|._ Tatizlis
Fill in the wizard. bring up the command Calculate
Ll e th d f lt 1 t (i ( ) - F L t 1-Var Stats Ll, L2
1s the default list, type @L@ 1n Freqlis i
Select Calculate and press ENTER . pasted.
The information shown will not fit on a single screen. You can scroll o 1 -4 ar Skaks)
up and down to see it all. X=La T
. . =x=09
The statistics calculated for the data are: TwE=2A%
) Sw=1. 234376041
fmean ¥ ax=1.203128942
sum  Xx H-n=2a
sum of squares  Xx’
sample standard deviation
opulation standard &
P deviation ) Th=28
mins=1
number n Rq=
minimum value  minX EEE{=3
lower quartile ~ Q, S
median  Med MAXH=I
upper quartile  Q,
maximum value  MaxX
Note: You should always use the population standard deviation (o) in
Mathematical Studies.
2.9 Calculating the interquartile range
Example 13
Calculate the interquartile range for this data: Tlie s eritle =m0 e
Number 112|3|4| 5 difference between the upper and
Frequency | 3 | 4 | 6 | 5| 2 lower quartiles (Q,— Q,).
First calculate the summary statistics for this data (see Example 12). Clz—0Gl4
(Note: The values of the summary statistics are stored after One-Variable . 2

Statistics have been calculated and remain stored until the next time they
are calculated.)

Press | vas) | 5:Statistics... | PTS | 9:Q3 ENTER) - ars) | 5:Statistics... |
PTS | 7:Q1 ENIER

The calculator now displays the result:

Interquartile range = Q, - Q, = 2

2.10 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.
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Example 14

Calculate the X + ¢, for this data:

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

First calculate the summary statistics for this data (see Example 12). T

(Note: The values of the summary statistics are stored after One-Variable 4.133128942
Statistics have been calculated and remain stored until the next time they
are calculated.)

Press | vags) | 5:Statistics... | 2: ¥ ENTER) = | vars) | 5:Statistics... 4:0x ENTER)
The calculator now displays the result:

X +0, =4.15 (to 3sf)

3 Geometry and trigonometry

This section covers the display of and reading of information from graphs of
linear functions.

Graphing
3.1 Graphing linear functions

Example 15

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

Press \ﬁ to display the Y= editor. The default graph type is Function, Flakl Flotz Flobz
so the form Y= is displayed. ~WM1EZK+]
e ~Mz=l
Type 2x + 1 and press ENTER). LY it
Press (zoom | 6:ZStandard to use the default axes which are =10 < x < 10 “Wy=
and -10 < y < 10. “Me=
~Ne=
~He=

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).

3.2 Finding a zero

The x-intercept is known as a zero of the function.
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TI-84 Plus
Find the zero of y = 2x + 1.

Draw the graph of y = 2x + 1 as in Example 15.

Press | 2nd] cAl | 2:Zero a

Press ENTER sminimum
QUEES TR
rinhtersect
s [T %

HAR T s b

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

- Left Bound? |
Press [ENTER). =-1.z76596 IV=-1.553191

The calculator shows another point and asks you to set the right bound. Y=zH+d

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).

GUEEET ]
n=.B5106Z8Z IV=z./0zizq7

Press \iEFE&\‘ 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).

3.3 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.
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TI-84 Plus
Find the gradient of y = 2x + 1.

First draw the graph of y = 2x + 1 (see Example 15).

Press  2nd) catg) | 6: dy/dx =

Press ENTER sminimum
QUEES TR
rihtersect
s [T s by

S dx

Select any point on the line using the | «) and [», keys and press [glﬁ@i.

The gradient (slope) is 2.

dvsidx=z
3.4 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-

graphical method is covered
in section 1.1.

give you the solutions x and y.

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 18

Solve the simultaneous equations 2x + y = 10 and x — y = 2 graphically with your GDC.
First rearrange both equations in the form y =
2x+y =10 x—y=2

y=10—-2x —y=2-x

y=x-2

To draw graphs y = 10 —2xand y = x — 2: Flotl Flokz Flok:
Press | y=) to display the Y= editor. The default graph type is Function, :3 ; E::]_;EEEH
so the form Y= is displayed. M=l
Type 10 — 2x and press [ENTER) and x — 2 and press ENTER). :3 ; :
Press zo0M, | 6:Z Standard to use the default axes which are W=
-10<x<10and -10 < y < 10. wMe=

P Continued on next page
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The calculator displays both straight line graphs
Y1=10-2xand
Y2=x-2

Press | 2nd) cAl | 5:intersect ?}]!!!]!ﬂ]!
sualue

B 2izero

Press ENTER Simin 1mMLm

4 maximum
intersect
fddgsdx
?:IF{x)dx

Press [ENTER to select the first curve. Yi=10-zH

First curve?
n=n" ¥=10
Press [ENTER to select the second curve. VZzh-2

Second curve?
n=n I¥=-2

Select a point close to the intersection using the |« and [», keys and YE=H-&
press \\ENTER‘

Yl
/ N

7

OUES?
W= 617021 [v=1.6170213 .

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

The solutions are x = 4, y = 2.

T \

Interseckion |
n=h - V=2
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4 Graphing quadratic and exponential
functions

Quadratic functions
4.1 Drawing a quadratic graph

Example 19

TI-84 Plus

Draw the graph of y = x> — 2x + 3 and display it using suitable axes.

Press Lﬂ to display the Y= editor. The default graph type is Function, so
the form Y= is displayed.
Type x? — 2x + 3 and press ENTER.

Press z00M, | 6:Z Standard to use the default axes which are =10 <x < 10
and —10<y < 10.

Flakl Flakz Flakz
W BHE-2%4T

wNe=
W=
“My=
“Me=
M=

The calculator displays the curve with the default axes.

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

4.2 Finding a local minimum or maximum point

Example 20

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

Draw the graph of y = x> — 2x + 3 (See Example 19).
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TI-84 Plus

Method 1 - using a table [T =CI  ENG
Gl 01zZ4EE7HED
EADIAN
You can look at the graph and a table of the values on the graph T FAE FOL 3E@
b i lit . INNECTED MmUY
y using a split screen EUUERTIS X STHUL
| LW a+bic Fetdi
Press \/I\BDE‘ and select G-T FULL HORIZ
‘ HNEXT 4
Press |GRAPH)
The minimum value shown in the table is 2 when x = 1. L7 ry
0 K]
i S
Z 3
kK B
Y i1
£ iB
b 7
E |
Look more closely at the values of the function around x = 1. AELE SETUFRP
T?é?tag’rf= . 35
Change the settings in the table: Press | 2nd, TBLSET Indent
Set TblStart to 0.98 Derend:

ATbl to 0.01
Press | ﬂl TMBLE| to 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.

Method 2 - Using the minimum function

» Continued on next page
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Press 2nd| cAle | 3:minimum Fi]!!%l!ill!
298 suvalue

— 25 Zero

Press \\m@y M1l Mmum
UEES AL

E:&ntgﬁaect
f u o

raSfCxadx

To find the minimum point you need to give the left and right bounds Vi=H E=gH+E
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 Bound?

Press \@ #=.46B0B511 Y=Z.ZBZ9E3E
The calculator shows another point and asks you to set the right bound. T

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 fENTUR\.

Guessr  F
n=1.628297/9 Y= HO07HZHE

Press [ENTER] again to supply a guess for

- L. In this example the value of x is not
the value of the minimum.

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 L
point. Hiniroura T
A=i.oggogly Y=g
Example 21
Find the maximum point on the graph of y = —x2 + 3x —4.
Press \Yt) to display the Y= editor. The default graph type is Function, Flokl Flokz Flokz
so the form Y= 1s displayed. Y18 -::-:,'2+3::c:—4
Type —x2 + 3x —4 and press ENTER). "-3 =l
— s . RS
Press 200M, | 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.

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

Method 1 - using a table [T sCI  ENG
You can look at the graph and a table of the values on the graph by using a R Fll!ligl'l flcz4t67BY
split screen. I FAE FOL =EQ
Press mopg| and select G-T =4 :“:, | "g}mu_
— M a+bi  retEi
Press |GRAPH) FULL HORIZ [Ei
HNEXT 4
The maximum value shown in the table is -2 when x = 1 and x = 2. i /2 L
i IR = s
i "2
F -
C -y
y "B
£ =14
] "2

Look more closely at the values of the function between x = 1 and x = 2.

HELE SETUF
Thlstart=1.4
albhl=.81

Indrnt.:
eFend:

Change the settings in the table: Press | 2nd  TBLSET
\  \ 7

Set TblStart tol.4
ATbl to 0.01

Press | 2nd, TABLE to 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.
Press v 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

P Continued on next page
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Press 2nd (cAlg | 4:maximum

Press ENTER

TI-84 Plus

sualue
P Zero
:minimum
WEEST TR
:intersect
s [T b

S Cxadx

To find the maximum point you need to give the left and right bounds 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
maximum.

Press |ENTER)

'|'1= 'H"‘E+3H-'-I

The calculator shows another point and asks you to set the right bound.

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 .

=W e+Z0-4
[k

gug
%=2.074NEBEL Y= -Z.0B001Y
Press [ENTER| again to supply a guess . .
Pse e vl G e . In this example? the value of x is not i
) exactly 1.5. This is due to the way the )
The calculator displays the calculator finds the point. You should /’)
maximum point on the curve ignore small errors like this when you -
at (1 .5, _1,75)_ write down its coordinates. L
Haximuml
As1.E0000iz: Y=-1.7%.,

Exponential functions
4.3 Drawing an exponential graph

Example 22

Draw the graph of y = 3* + 2.

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

Type 3* + 2 and press ENTER .
(Note: Type (3, A xT.,6,1 [ », to enter 3*. The (» returns you to the baseline
from the exponent.)

Press zoom) | 6:Z Standard to use the default axes which are ~10 <x< 10
and —10 <y < 10.

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute
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"
~VM1E3+2

wNWe=
wWa=
“Ny=
“Ne=
“NE=

P Continued on next page
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TI-84 Plus

The calculator displays the curve with the default axes. /‘{

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

4.4 Finding a horizontal asymptote

Example 23

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

Draw the graph of y = 3* + 2 (See Example 22).

You can look at the graph and a table of the values on the graph by using a LW sCI  ENG
: il 01z:X4ER7AND
split s;reer\l. RADIAN
Press (mope| and select G-T | FAE FOL *EQ
) OnnECTED Ry
Press |GRAPH EQUENTIAL RIS
|GRAPHY T a+bi  FetBi
FULL HORIZ
HNEAT 4
The values of the function are clearly decreasing as x — 0. - My
1] 3
1 E
F 11
3 -
Y : ]
£ cHE
] ek |
F|
Press | % TMBLE| to switch to the table. Y1
Press 4] to scroll up the table. EE%%
The table shows that as the values of x get smaller, Y, approaches 2. %é%
3
E
i1

P Continued on next page
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TI-84 Plus

Eventually the value of Y, displayed in the table reaches 2. L1y

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 Z

screen, that the actual value of Y, is 2.00000188168... E

We can say that Y, —» 2 as x > —co. [ G E a0l

The line x = 2 is a horizontal asymptote to the curve y = 3* + 2. V=2, 00000150160
More complicated funCtions Follow the same GDC procedure

. . . when solving simultaneous equations
4.5 Solving a combined quadratic graphically and solving a combined
and exponential equation quadratic and exponential equation.

See Examples 18 and 24.
Example 24

Solve the equation x2 —2x+3=3-2"+4
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 \T=) to display the Y= editor. The default graph type is Function, so Flokl Flokz Flokz

the form Y= is displayed. N EKE—E::-::+3

Type x* — 2x + 3 in Y, and press enteR. Then type 3 X 2>+ 4inY, ME3%2 'H+.-.'|.

and press ENTER). “MNx=l
R . - “My=

(Note: Type (2 A (=) xT.@.0 »to enter 2. The » returns you to the We=

baseline from the exponent.) “Ne=

Press \onm) | 6:Z Standard to use the default axes which are =10 <x< 10 ‘l"\-..; i

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| caig| | 5:intersect Fﬂ?ﬂlﬂ
2 il tvalue

. =] aln]

Press [ENTER) fMminimum

4 & maximum
intersect
s [T s b

FeSFxadx

» Continued on next page
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TI-84 Plus

Press \I@ to select the first curve. Yi=H Z-ZH+3

Firsk cur":'-a?
ik B el e ]

Press [ENTER to select the second curve. YZ=3okz™(-HI+Y

n=l.7021277  Y=4.8218878

Select a point close to the intersection using the | «)and » keys YesFke™( ~Hl+Yy
and press ENTER).

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.

s
m
m
=
s
[y
= 1]
n
-

1
-
m
=
(S
[
o
n
m

5 Statistical applications

Calculating normal probabilities
5.1 Calculating normal probabilities from X-values

Example 25

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) DS | 2:normaledf( The value 1E99 is the largest value that ?%IENEI]?.EEF(
B can be entered in the GDC and is used . normal cdf o
Press |ENTER You should enter the in the place of . It stands for 1 x 109 inuHorme
values, Lower Bound, (—1E99 is the smallest value and is diiPuTe
Upper Bound, i and o, used in the place of —). To enter the EE %PSFE
) — .
in order. E, you need to press \% 5 ?-I-:’{ 3 F‘EI'F':

P> Continued on next page
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a P(X<190)
Enter lower bound as —1E99, upper bound as 190, x to 195 and o to 20. lower: -1 39
g WFFer 196
Select Paste and press ENTER pr 195
=26
Paste
press |ENTER| again hiormalcdf ¢ -1Te99
P(X < 190) = 0.401 (to 3 sf) - 4812337L36
b P(X> 194)

Enter Lower Bound as 194, Upper Bound as 1E99, x as 195 and o as 20. lower: 194
UFFer: 199

Select Paste and press [ENTER a5

a:2E

Paste
press |ENTER| again hormalcdfol9gd. 1
P(X > 194) = 0.520 (to 3 sf) . 219393585874

c P(187 < X < 196) RN .+ 1,11 1 R

Enter Lower Bound as 187, Upper Bound as 196, x as 195 and o as 20. lower: 1587

urFer: 196

Kilas

alZ@

Faste

ormalc 2
1733683711

press |ENTER again
P(187 < X < 196) = 0.175 (to 3sf)
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5.2 Calculating X-values from normal probabilities

TI-84 Plus

In some problems you are given probabilities and have to calculate the associated

values of X. To do this, use the invNorm function.

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

If you are given the upper tail P(X > x),
you must first subtract the probability
from 1 before you can use invNorm
(see Example 27).

Example 26

always in the form P(X < x) (see Example 26).

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

Press 2nd| DiSR} | 3:invNorm(
= J You should enter the values: area

) (probability), 4 and o, in order.
Press ENTER

Enter area as 0.4, y as 75 and G as 12.

You are given a lower-tail probability
so you can find P(X < x) directly.

ORAL
s normalFdfc
2 normalcdf
1w Horme
PinuTe
2 trdf]
Lodf

press |ENTER again
So if P(X < x) = 0.4 then x = 72.0 (to 3sf).

invHormiA,. 4, 75, k
r1l.95933479

Example 27
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.
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Press 2nd’ pisR| | 3:invNorm
2nd, J | ( You should enter

the values: area
(probability), u
and o, in order.

Press |ENTER)

TI-84 Plus

DREAL
'normalrdfl
2 normalcdf o
1nwHorme
inuT L
2t LRdf.
B2 todf ]
FXepdf |

Enter area as 0.8, uas 75 and ¢ as 12.

T
t td.3
a

gol=T=gyil]
I —==Jim
cHRaUIW

press |ENTER again
So if P(X > x) = 0.2 then x = 85.1 (to 3sf).

1nvHarmiE. 5. Foa b
. oo . 8994548

85.1
0.8 0.2

40 60 80 80 100 *

A This sketch of a normal
distribution curve shows
this value and the probabilities
from Example 27.

Scatter diagrams, linear regression
and the correlation coefficient

5.3 Scatter diagrams

Example 28

x |10 |21|24| 3.7 | 5.0
y |40 |56 |98 |10.6 | 14.7

a Find the equation of the least squares regression line of y on x
b Find Pearson’s product-moment correlation coefficient.
¢ Use the equation to predict the value of y when x = 3.0.

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute
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Press |smi|| 1:Edit and press ENTER.
Type the values of x in the first column (L1),
and the values of y in the second column (L2).

Press \iENTER“ or (v, after each number to move down to the next cell.

Press (» to move to the next column.

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

TI-84 Plus

_EHLE TESTS
it....

: SortAC

: SortOf]
:ClrList

: SetUrEditor

L1 L Lz c

Hg
Smom

=

Press | 2nd| STAT PLOT and EnTER| to select Plotl.

Select On, choose the scatter diagram option, XList as .1 and Ylist as L2.

You can choose one of the three types of mark.

Press [zoom | 9:Stat

The automatic scales do not usually give the best
display of the scatter diagram. You will need to
change the default values.

You may need to
delete any function

graphs. \5

-
sPlot2 Off
-1 L2 .
:FPlot 3 0ff
L1 L2 o
+FPlots0ff

Flokz  Flokz
gﬁ off
gre: B L= Jdh
HH- HIH |~
Alistilq

Ylist:il:z
Fark: o B

MEMOR"Y
oo Ot
s Z0ecimal
: 2Seuare

: 25t andard
s 2Tr13

: 2Ilnteger
Zoomstat
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TI-84 Plus

Press winbow) and choose options as shown. You need to include I I HDDH
o . : _ _ Amin=g
min and Xmax should include the range of zero in the range if you Mmax=6
the x-data. want to show the axes warl=1
Ymin and Ymax should include the range of on the graph. ol r'lel
e Ymax=1v
the y-data. Y=o l=2
You now have a scatter graph of y against x. Lxres=1
+
* +
+
+
In order to see the Pearson’s product-moment correlation coefficient, you TEACK T
need to have diagnostics on your GDC switched on. Uned ettt
( = NEHER:: DEC  FRAC
Press MopE and use y to scroll down to the second screen. Set STAT OTOFORKAT GRAFH: [T ".E
DIAGNOSTICS to ON and ) TAT DIAGNOSTICS: OFF [IF
1245 to ON and press |y STAT HIZARDS: [ OFF
Then press 2nd | Quil| to return to the home screen. SETCLOCH

Press smr | CALC |4:LinReg(ax + b)

Enter Xlist as L1, Ylist as L2 and leave FreqList blank

In Store RegEQ press AwpHA | F4) and press [ENTER) to select Y1
Select Calculate and press ENTER .

You will see the coefficients of the equation of the The coefficient

least squares regression line and the value 7 of the of determination, Hfaﬁ{'l'b
correlation coefficient. r2, is not used in E%%: g%%ézggzgg
The equation is y = 2.63x + 1.48 (to 3sf). Mathematical Studies. re=,

I Al =, 954 7AE954 7

The value of ris 0.955 (to 3sf).

Press (rapH) and you will see the least squares regression line and the data
points that you plotted previously.

» Continued on next page
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Press \:TRACB\‘ and use the » « keys to move the trace along the line.
The cursor moves between the data points.
Press | ., to move onto the line itself.

It is not possible to move the trace point to an exact value, so get as close to
x = 3 as you can.

From the graph, you have found that y is approximately 9.5 when x = 3.0.

Press 3 [ENTER .
The cursor now moves to exactly 3.0.

When x = 3.0, an estimate of the value of y is 9.36, from the graph.

Fi:L1.LZ

n=k.

¥=14.7
T=E.BZH1997 YRR H+1.47 .

n=2.06FE20E LY=0.52BZ69Y .

¥1=2.62819974BZ165H+1.47 -

N=0260512

The y’ test for independence

5.4 Using contingency tables

Data from a contingency table is entered into a matrix. The calculator will calculate
the expected frequencies, x? value, the number of degrees of freedom and the p-value.

Example 29
A survey of the favorite colour for a mobile phone produced the following data.
Black Red Blue Silver
Male 48 &ls 33 54
Female 35 66 42 27

Press 2nd) | MarRiX | and use the () to select the EDIT menu.

Press [ENTER).

Test to find out if the choice of colour is independent of gender at the 5% level.

Press 2/ ENTER| 4 [ENTER to choose 2 rows and 4 columns.

1,1=H
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» Continued on next page

Using a graphic display calculator




TI-84 Plus

Enter the data from the table above in the matrix. The last column of the MATEIX[A] 2 =4

matrix is not displayed E ;E EE k -
Press [ENTER) after each. as there is not enough a
The matrix [A] now contains the “observed room on the screen.

frequencies” for the y? calculations.

£ 3=942
Press  2nd QuiT| to return to the home screen. EDIT CHLLC
. \ ATZ2-SamrTIn
Press str| and use the | » to select the TESTS menu. A: 1-ProrZInt.
Select C:yy?-Test E: % PPDPE Int..
Press |ENTER). E}i 2G0F - TE'E'L
E:Z-SamrFTest..
FlLinEeaTTest..
If the data is entered in matrix [A], you will not need to change anything in EERTT
this screen. Obserwved: [A]
xrected: BE]
alculate Oraw

Use the ) key to scroll down to Calculate and press ENTER.

This shows that the y? value was 21.631, the p-value was 0.000078 and the 4% - T 5k]
number of degrees of freedom is 3.

Since 0.000078 < 0.05, we would not accept the null hypothesis that the
favorite colour of phone was independent of gender.

When you have finished, you should always check the table of expected
frequencies, to ensure that they are all greater than 5. These values are in

3

MATH EOIT
Zxd

the matrix [B]. ? EE} 2x4
4: [DO]
Press | 2nd) “MaTRIX | and use the ~ - to select the 2:[B] a1 [E]
””” 55 [F]
Press [ENTER) T [5]
This pastes [B] on the home screen. Use (] to scroll right [E]
R i p
Press ENTER| again. and see the fourth ii ] g gg . g %; . g "
Here, none of the entries is less than 5. column of the matrix. - - -
You must do this
Note: If there are too many expected values before you press any
between 1 and 5, you can combine rows or other keys on the
columns in the table. GDC.
[E]
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6 Differential calculus

Finding gradients, tangents and maximum

and minimum points

6.1 Finding the gradient at a point

Example 30

TI-84 Plus

the form Y= is displayed.

from the exponent.)

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

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

Type y = #* — 2% — 6x + 5 and press ENTER.
(Note: Type x1,€,4 A (3, (»] to enter x*. The »] returns you to the baseline

Flakl Flokz Flokz
Y T LR

~Vz=0
“Wia=
“Wy=
~Me=
“ME=

and -10 <y < 10.

Press (zoom) | 6:ZStandard to use the default axes which are ~10 <x < 10

Press | 2nd) calc) | 6: dy/dx
Press |ENTER|

Press (1)) (5, |ENTER)

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

2izero
SEminimum
42 maximum

2 intersect
g s

RS s i

The gradient is —5.25.

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

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

A
Y

Jv/dx=-E.z48888
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6.2 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 = x% — 22> — 6x + 5 (see Example 30).

Press | 2nd) | DRAW) " FOINTS STO
ChoosiTangent . Ci Eg?au
Press ENTER) :Horizontal
' Vertica
Tan3dent.C
awF
4+Shade
1B ‘w ddd “@ In this example the values —3.25 and =2 T
The equation of the tangent is 5.75 are not shown as being exact. b
y=-3.25x+5.75. This is due to the way the calculator L q'-'-.\,_ o
finds the values. You should ignore
small errors like this when you write JIII
down the equation of a tangent. - ]
M= -3 24900 aR+E PEQOONE

6.3 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 ?}]!!%l!i]lg
Z‘JfJ sualuye

Press ENTER 2t raro

Minimum

A 1 MU

intersect

i (% B by

RS T T s s

P Continued on next page
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To find the minimum point you need to give the left and right bounds of a P T ET i e T T
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.

p _— LertEound™
Tess ENTER). n=1l.7B7E3Y Y= CRMOZOEE

The calculator shows another point and asks you to set the right bound. V=i E=z R =G H+E
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 .

GUESST
n=c.BB489Z8 Y="h.ZB/E1E

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). T I\. _____

s b N

Hinim ]

n=c.c301zH8 Y=-F.2FBCEE
Press  2nd, CA& [ 3:m.t:1ximum \ENﬁTEy . ‘___--‘:
to find the local maximum point on the curve in exactly the same way. r
The maximum point is (—0.897, 8.05).

S
N

.BBEEL‘IE-? ¥=B.0510479

7 Number and algebra 2 In general in financial problems, a
negative monetary amount indicates
The ﬁnance solver an amount you gjve to the bank and
a positive monetary amount indicates
The Finance Solver will solve problems about simple loans, mortgages, money you receive from the bank. This
and investments. can be a little confusing.

Press APPS 1:Finance...

Choose 1:TVM Solver...
Press :kENTER\‘
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You will see this dialog box, where: N=0

N: is the total number of payments. I%=H

1(%):  1is the annual interest rate as a percent. EH?EE

PV: is the present value, which is negative for investments. Fli=@

PMT : isthe payment or regular deposit, which is negative for investments. F-4Y=1

FV: is the future value. Eﬁ¥?|éﬂ! BEGIH

P/Y:  isthe payments per year.
C/Y:  isthe interest calculations period per year.
PMT: is payments made at the end or beginning of each period.

7.1 Finding the total value of an investment

Example 33

$1500 is invested at a rate of 5.25% per annum. The interest is compounded two times per year.
How much will the investment be worth at the end of 6 years?

Press | apps] 1:Finance... | 1:TVM Solver... ENTER N=&

Enter values into the table. I;.ﬁ;S_ i %ga
Press \ENTE& after entering each value to move through the table. FHT:B

N: 6 P-4Y=1
1(%): 5.25 CAY=2

PV:  —1500 PMT:|3R BEGIN
PMY: 0

FV: To be calculated

P/Y: 1

C/Y: 2

PMT: END

Select FV and press ALPHA| |sOLV ;
The final amount is $2047.05.

|
g
m
m
ol
—
s

Note: This result can also be found by using the calculation:

LzE
o 1508[ 1+32=
1500(1 + ﬁ) 2847 . 8548085

7.2 Calculating payments for a loan

Example 34

Calculate the monthly payment to repay a 4-year loan of $12,000 that is compounded monthly at an annual
interest rate of 4.25%. Payments are made at the end of each month.

P Continued on next page
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Press | apps) 1:Finance... | 1:TVM Solver... ENTER) fil=4§ o5
Enter values into the table. #=d
Plu=12085
— . PMT=
Press |ENTER| after entering each value to move through the table. Fy=A
P-Y=1
N: 48 Co¥=12
; The repayments are made each FMT:|=gx BEGIHN
I(%):  5.25 month so the total number of
PV: 12000 payments, N, is 4 years x 12 = 48
PMT: To be calculated months.
Fv: 0
P/Y: 12
Cc/Y: 12
PMT: END
Select PMT and press ALPHA| ‘SOLVE M=42
' [==4.,25
The monthly payments will be $272.29. - EH?L%%%% 29317
Note: The answer, PMT, is negative because it is a payment made to a bank. | Fli =@
P-Y=12
C-Y¥=12
- PMT:|3RM BEGIHM
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