Casio fx-9860GllI

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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Before you start
You should be familiar with:

® Important keys on the keyboard: | ac/% (SHIFT] DEL MENU, XOT ) EXE, OPIN| EXT For a reminder of how to

® The home screen perform the basic operations
e Using the Main Menu to enter the mode you want have a look at your GDC
® Changing window settings in GRAPH mode manual.
e Using zoom tools in GRAPH mode
e Using trace in GRAPH mode
1 Functions
1.1 Graphing linear functions
Example 1
Draw the graph of the function y = 2x + 1.
Press MeNu). You will see the dialog box as shown on the right. wors MAIN_ MENU 222
p— pa— RUH-MATISTAT  [2ACT [S-2HT
Choose 5: GRAPH and press EXE|. ol e [ [t
o D HF TRELE |RECUR
WL
CONICE|EQUA  [FESHM |THH
& EEcaMc!
The default graph type is Function, so the form Y= is displayed. ETEEQ Func %= -
PR + —
Type 2x + 1 and press | EXE,. - E_H-
Use LX,G,T to v [: ]
enter x. EE : E: %
[FEC HIED [oFAL
Press SHET) F3| V-Window and choose i3, STD to use the default axes Uiew Wlindow
which are =10 <x< 10 and —10 <y < 10. maxr -
Press Bi€) and | F6) DRAW. dot Ti6, 15873015
o Ymin $-18

nmax

il
[THIT [TRIG[ETD BN

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

—
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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 the gradient (slope) of a line
The correct mathematical notation for gradient (slope) is j—i} 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 2

Find the gradient of y = 2x + 1.

First draw the graph of y = 2x + 1 as in Example 1. [/
Press sHiT| (SET UP). InFul OutrutiMath
ress | Sl ( ) Draw Trre iConnect
Set Derivative to On. éﬂg:ﬂ?ﬁﬁc Eﬂd
J— Dual Screen :0ff
Press &€ and F6) DRAW to return to the graph. Simyl Grarkh 10ff
on | 0Ff
Press \% \ w Trace. V1=2K+1
The calculator displays the coordinates of the point and the gradient. :L/
/ Ev:-a:-::a
#=0 Y=
Move the point along the line using the [ «) and [ » | keys. Y1=2K+1
The gradient (slope) is shown by dy/dx and is 2 at every point along
the line.
d¥-di=g
%=1.U2B571429  Y=3.B57142851

1.3 Solving simultaneous equations graphically

To solve simultaneous equations graphically you draw the straight lines and then Solving simultaneous
find their point of intersection. The coordinates of the point of intersection give equations using a
you the solutions x and y. non-graphical method is

Note: The calculator will only draw the graphs of functions that are expressed covered in section 1.5.

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 3

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

P Continued on next page
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To draw graphs y = 10 — 2xand y = x — 2: Grarh Func ==

Press | Menu) and choose 5: GRAPH and press BXE ). E%E;EEEX E:%
The default graph type is Function, so the form Y= is displayed. EIE I!—ﬂ
Type 10 — 2x and press | J and x — 2 and press J

Y&:
Press \\SHIFVT) \E ) V-Window and choose \53) STD to use the default axes [SEL WM T3 FITW AIRY oka
which are —10<x<10and -10<y < 10. I the calculator displays a

—_— P graph, press | EXIT ) to return
EXE F6
Press | BXE and F6) DRAW T

The calculator displays both straight line graphs
Y1=10-2xand Y2 = x— 2. y
/r""' \

Press 5| G-Solv and ) ISCT.

[RooT [Mas [MIM [T [IscT [ ¢

The calculator displays the intersection of the two straight lines at the T=10-2%
point(4, 2). Yosw—2 F N
The solutions are x = 4, y = 2. \
///l ISECT
K=y y=a

Simultaneous and quadratic equations

1.4 Solving simultaneous linear equations in two unknowns

When solving simultaneous 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 4
Solve the equations:
2x+y=10
x—y=2
Press \IHU) You will see the dialog box as shown on the right. W,-W MAI H HEHU W
Choose A: EQUA and press B . [c lﬂl/_
: GRHH-:EJDTHH THBLEARECUR
RGM |TH
ERB ) v
From the menu, choose Simultaneous and press E If there are previous Eauation
equations in the
( ) Select Trre
Mmemon, press Bl / Fl:Simultaneous
until you return to this FZiPol>nomia
TR Fi:Solver
’ IFL P LY

P Continued on next page
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Choose equations in two unknowns and press H)‘ Simuyltanseous
.. . . L . Mo Data In Memor:
Note: This is how you will use the linear equation solver in your
examinations. In your project, you might want to solve a more complicated
system with more equations and more variables. Humber Of Unknouns?
Er =
You will see the template on the right. amErhnY=Cn
3 b c
Type the coefﬁgen/ts from two equations into the The equations must é[-ﬁ] g g]
template, pressing EXE after each number. be in the correct order.
H
[For (@AW [CLR [EpIT
Press F1) and the calculator will solve the equations, giving the solutions as EHH+E§1H’=C? i
XandY. I £ I 10
a[ I -1 ‘I]
2
[Ford (AW TR [EDIT
The solutions are x =4, y = 2. anntbrY=Ck
% -1]]
'.'[ 2
4
REFT

1.5 Solving simultaneous linear 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.

3
/l
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Example 5
Solve the equations  2x— 3y +4z=1
x—y—z=-1
—x+2y—z=2
Press MeNu|. You will see the dialog box as shown on the right. MM MATH MEML #ize
\~ T MATSTAT |&ACT *|S-2HT
Choose A: EQUA and press | EXE . _[ﬂ Lﬂ% EE
Y GRAFH [OTHA THHBLEHRECUR
cs FRaH TUR
E A 23 &l
From the menu, choose Simultaneous and press FL/. Eaquation
If there are previous Se 1 ect Tvre
equations in the memory, E% EéTﬂ%gﬁTE?”S
press BXIT | until you return F3: SD E-r‘ .
to this menu. 1L,
Choose equations in three unknowns and press f2.. Simultaneous
: Ho Data In Memor:
Humber 0f Unkhowns?
[ 2 P
You will see the template on the right. an§=:+I:$n‘.-'+I3:.2=dn
C
Type the coefficients from the three equations into the template, I 0 o ] o
S ] [ o ] o
ressing EXE| after each number. [ ]
P g *) The equations must be in £ . " ! .
5}
the correct order. ol [CCR BT
Press @ and the calculator will solve the equations, Eh><+|:';n‘r'+|3r;2=dnc
giving the solutions as X, Y and Z. I z -3 u I
2 [ -1 -1 -1
a[ -1 -1
2
[For (AW LR [EpIT
The solutionsare x =3, y =3 and z =1 anE+brY+Cne=dn
In this example, the solutions represent a point. ﬁ[-al]
3
REFT
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Example 6
Solve the equations 2x+ 4y +2z=8
x+2y+z=4
x—y+z=-9
Press MeNu|. You will see the dialog box as shown on the right. wrzm: MATH MEML iz
< . RUH-MATETAT |8-ACT [S-SHT
Choose A: EQUA and press | BXE . ﬁ:[ghﬂ R é%
GRAFH [DVNA | TRELE [RECUR
ML
COHICS FEGH | TURL
A 2¥F @l
From the menu, choose Simultaneous and press FL. Equation
If there are previous Select Trre
equations in the memory, F% géTE%g;?g?ug
press EXIT | until you return 3: Eu:ul
to this menu. POLIAS
Choose equations in three unknowns and press @ Simyllansous
“ Mo Data In Memor:
Mumber 0f Unknowns?
[ 2 4 5 J 5
You will see the template on the right. ah.'x:+|':;n"r'+|:rc2=dn
o o o C
Type the coefﬁc1ents from the three equations into the template, I F I m 2 2
pressing EXE| after each number. g[ g g g g]
; The equations must be in
th t order. 5
e correct order. o0 EW [T 65T
Press B and the calculator will solve the equations, Er‘-?":+|:;ﬁ‘r'+'3r;-2=dhc i
giving the solutions as X, Y and Z. 1 : u 2 B
2 | E | Y
3[ 3 -1 I m]
-9
[For (AW [CLR [EDIT
The GDC solves the equations by an inverse matrix method. [P P E S
In this example there is an error because the matrix is singular, Ma ERROR “ﬂ]
. . . . -
which means that there will be no unique solution. Press! [EXIT] X
To find the solution you can use the reduced row echelon form o
method instead. T [CLR [EDIT
Press MENU) 1 o
‘;,7'% - e Dimension m*n
Press opm) | F2) MAT | f6 (») | F5) Rref
Press ear) et | [F4 MATH | FL MAT | \@ m X n ho
Choose m as 3 and n as 4 and press @ [2:a | 3:3 [m=n ]

P> Continued on next page
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Type the coefﬁcients from the three equations into the 4 2 &
matrix, pressing » ) after each number. Rref [é _21 % _49]
Press @
The reduced row echelon form gives the solutions to the equations
of the line if the final row of the matrix is all zeroes. (22 [3x=3 [m=n
The solutions are equivalent to T
J 2 1@ -2
x+7z=—2and y+7z=3 =
In this example, the solutions represent a straight line. @1 T .
The equations of the line can be written O AL
x+2) _T»=3) _, EEX] EEE] [
-3 -2
2_y-3_z
3 2 =7
Example 7
Solve the equations x+ 2y —3z=13
2x—y+x=4
x+2y—32=17
Press MeNuj. You will see the dialog box as shown on the right. W MATH MENU 727227
Choose A: EQUA and press | B . [ijﬂ e -l"é md
o GRRF‘H |:-~rm=| THBLE RECUR
mcg FEGH | TUR
E -J .
From the menu, choose Simultaneous and press FiJ. Equation
If there are previous Select Trre
equatiogin the memory, F% gé'{'g%g:?g?ug
press | EXIT | until you return F3:So
to this menu. L
Choose equations in three unknowns and press 2 . Simultaneous
*J Mo Data In Memory
Mumber 0f Unknowns?
[ 2 4 5 J =
You will see the template on the right. and+bnY+CnZ=dn
: : 5 4 b <
Type the coefficients from the three equations into the template, | 5 3 -
pressing | BE| after each number. E[ 0 o 0 “]
o The equations must be in . ’ . o ’
the correct order. 5]
[For (AW [CLR [EDIT
Press F and the calculator will solve the equations, anintbn+ind=dn 5
giving the solutions as X, Y and Z. I I B -3 13
2 2 -1 | Y
a[ [ E -3
[Foro (AW [CLR [ERIT

P> Continued on next page
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The GDC solves the equations by an inverse matrix method. oY I PR N T

In this example there is an error because the matrix is singular, Mz ERROR -
which means that there will be no unique solution. Press: [EXIT]

To find the solution you can use the reduced row echelon form 7
method instead. [Forv [CLR [EDIT

Press MENU) (1. Rip=<

Dimension mxn

P

Press  op | 2| MAT | FT;) o 5 Rref

Press ext) &1) | F4) MATH | i MAT | ()m X n

Choose m as 3 and n as 4 and press  BXE . EEH] EEE] [
Type the coefficients from the three equations into the matrix, 1 2 -3 13
pressing (» | after each number. Rref [f _21 _13 % ]
Press B .
The reduced row echelon form gives the solutions
to the equations of the line if the final row of the (22 | 33 [m=h
matrix is all zeroes.
There are no solutions and the final row is not all zeroes. =T 1' 5 i 5
-
In this example the equations are inconsistent. a1 '% 5
a Ba @ 1
EEH EEE] [
Quadratic functions
1.6 Drawing a quadratic graph
Example 8
Draw the graph of y = x2 — 2x + 3 and display it using suitable axes.
Press MeNU| and choose 5: GRAPH and press | BXE . GraFh Func fv=
. . \ L Y1ERZ -2R+3 [—1]
The default graph type is Function, so the form Y= is displayed.
Type y =x2 — 2x + 3 and press | BE|. 5.4: [—]
; N . ' ys: [—1]
Press |sHIFT | F3) V-Window and choose | F3) STD to use the default axes . e
which are =10 < x< 10 and —10 < y < 10. 2L e G I A s |
Press \EXEJ and E) DRAW. If the calculator
displays a graph,
press BXIT | to return
to this screen.
The calculator displays the curve with the default axes. .\ /

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

For help with changing
axes, see your GDC
manual.

1.7 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 9

Solve 3x? —4x—2=0

Press r@ You will see the dialog box as shown on the right. W FIFI I HEFAE#JUEW
Choose A: EQUA and press BXE .. kol Ik P 5,
GRHH-:EJ:-YNF TARELE [RECUR |
CONICS PF:GMATUH
b5 A
From the menu, choose Polynomial and press F2). | if there are previous Equation

equations in the

MEmory, press 7% E?l E?kuI%Zﬁeous
until you return to this FZ:Pol»nomial
menu F3- Solver
'
You will see the dialog box as shown on the right. Choose equations of Folyhomial

Degree2 and press E Mo Data In Memory

Legres?
= Er Er
Another dialog box opens for you to enter the equation. axe +|._:.a;><;+,;=?
C
The general form of the quadratic equation is aX? + bX + ¢ =0 C - o [Tk
so we enter the coefficients in a, b and c.
5]
For (EW[CLR [EpIT
Here a = 3, b = —4 and ¢ = —2. Be sure to use the \QJ key aXE+l:5:>=:+c=lEl
to enter the negative values. Press i % after each value. C 3 -u EEEEh
Press \Fl) and the calculator will find the roots of the equation.
i
oy [CLR [EPIT
The solutions are x = —0.387 or x = 1.72 (3 sf). X e+hE+o =0
%l IEEIEI]
xe[- 0.381
2+J418

[REFT
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1.8 Finding a local minimum or maximum point

Example 10

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

Draw the graph of y = x> — 2x + 3 (See Example 8).

Method 1 - using a table s MRIN. MENU 2227
. RUN-MA
You can look at a table of the values of the function. HE[2E _&E -r

Press MeNu| and choose 7: TABLE and press | B . SRAER D‘-’HH RECUR:
: COHICS Euun RGH [TWH
T e 1T
Press f5) SET. Table Func Y=
Fs‘ET PLJSE T AT
Choose a start and end point for the table and a step of 1. Table Setiinag
Use the x-values from the graph you drew. *
BT Start:-2
Press | BT End 14
Press \STFL SET UP. EJHPULE IiluLF-uL Eath
Scroll down to Dual Screen and press Ft| T + G. Grarh Func _f0m
rac_Resu )
Simyl Grarh fo
Derivative 20ff +
[T+G [o0Ff
Press EXE | F6 to view the table. .
"-ﬂ ) “
-1 B
] 3
[ 2
[FoRM [EDIT B-Con[G-FLT

Press f5) G-CON to display the graph alongside the table. .

KB

[Forr =P P [E0TT G-coH[GFLT

P Continued on next page
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Press| 0PN} F2 GLINK. VIsRE-ZS
When you scroll through the table the cross moves along the curve. ||1 3
The minimum value shown in the table is 2 when x = 1. ‘ 2 3
3 3
%=1 =2
Look more closely at the values of the function around x = 1. Uiew Window
Press SHIFT | F3) V-Window. max
Choose values —0.9 <x< 1.1 and 1.99 <y <2.01 and press ‘Ej 33%19. % 2258 -3
. . PR ) Ymin 1 99
Change the settings in the table: Press Fi| 5  SET. max &2
o [THIT [TRIG ESTD
Set Startto 0.9 —
Endto 1.1 ;able Setling
Step to 0.01
Press | BXE| 8, to view the graph and the table. =4 &6
Press F5) G-CON to display the graph alongside the table. Y1=KE—2K+3
Press 0PN, \ g GLINK and scroll through the table. : ﬂ
The table shows that the function has larger values at points around (1, 2). . u: a. ,m,
We can conclude that this is a local minimum on the curve. - v=2. 0001
Method 2 - Using the minimum function \L/
Press 5| G-Solv 'F3 MIN. /
[FoaT [MA [MIN [FFT IS [ o

The calculator displays the minimum point on the curve at (1, 2). =RE—ZH+S

L
n=l =g

MIMN~
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Example 11

Find the maximum point on the graph of y = —x2 + 3x — 4.

Press lﬁl} and choose 5: GRAPH and press EXE) Grarh Func @Y=
: . . o 22943 [—]
The default graph type is Function, so the form Y = is displayed. Y18
Type —x> + 3x — 4 and press BXEJ. ..,4: [—3
Press sHIFT| F3. V-Window and choose | F3| STD to use the default axes
T o 1“‘—m EL Jrveeds Tl Bme T

which are —10<x< 10 and —10 < y < 10.
Press B and F6, DRAW. If the calculator displays a

graph, press EXIT | to return
to this screen.

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.

Method 1 - using a table
You can look at a table of the values of the function.
Press MENU| and choose 7: TABLE and press | B .

|

CONICE |EQUA F‘F:GH TUM
e

rgiie' g B

Press 5, SET. Table Func :v=
Y3i [—]
?4' [—1]
[—1

f‘—ssL DEL JTYPEQSTYLISE T Ji

Choose a start and end point for the table and a step of 1. Table SetLing
Use the x-values from the graph you drew. ®

Press BAIL). W

Ster &1
Press sHIFT) SET UP. I!"IF'UL-'b"DL-It-F'L-IL Eath
Scroll down to Dual Screen and press | F;:‘ T+G. Eﬁg;ﬁ Func Dﬁnge
rac

Simul Gr*aph Elff
Derivative =Elff 1
|T+G|01=1=

P> Continued on next page
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Press BXE| 6 to view the table.
&= | 8 ¥l
"‘l ” EE“
-2 -1y
-1 -8
0 -y
[Forr [P AP [E0IT F-Cor [G-FLT
Press E) G-CON to display the graph alongside the table. " ”
-3 -2
-2 -1y
/ { E '4
o -4
I e
Press opiN, r2) GLINK. Y1=-X2+3x—-4 ’ i
When you scroll through the table the cross moves along the curve. o -u
The minimum value shown in the table is =2 when x = 1 and x = 2. ‘ é -;:'.'
3 -y
H=1 ¥=-2
Look more closely at the values of the function around x = 1 and x = 2. Uiew Window
Press SHIFT) £3) V-Window. max_ ¢
L - scaledl
Choose values 1 <x<2and —2.5 <y < —1.5 and press BXE . Vd';'t :Eli@%E-lE?EIS
Change the settings in the table: Press F) 5| SET. Max 1-1.8
- [THIT [TRIG[ETD
Set Start to 0.9 :
Endto 1.1 ;able Setling
Step to 0.01
Press BE| F8 to view the graph and the table. Sher 16 81
Press |, E G-CON to display the graph alongside the table. Y1=-KE+3K-4 i i
Press 0P| F2] GLINK and scroll through the table. 148 -1.75
S 1.5 =115
1.5 IEMRE
The table shows that the function has larger values at points around (1.5, beb. FixT
—1.75). We can conclude that this is a local maximum on the curve. L Ll b L]

Method 2 - Using the maximum function

/

Press F@ G-Solv @ MIN.

|Rl.'ll2IT [MHK |MIN I'.'.II!PT ISETl =]

P Continued on next page
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The calculator displays the maximum point on the curve at (1.5, —1.75). V] =-HE+ane—d
M
H=145 ¥=- 1415
Complex numbers
1.9 Operations with complex numbers
Example 12
Evaluate the following expressions
I a7+o+%@—2o
(2 + 3i)- (3 — 4i)
i v3+4i
1;1
3+i
v (1-7)
Press \@ You will see the dialog box as shown on the right. 2 : MATH MEMU sz
i STAT [RACT |3-SHT
Choose 1: RUN-MAT and press EXE . P 223 é mﬁl
' GRAFH |OVHA TFHBLE RECUR
COHICE [EQUA  [FRGH VR
E]-a-'-}é{-:-'re i I bkl 1)

Complex calculations are entered the same way as you ST b4 % 4=i

would enter a real expression. 16+i
To enter the imaginary number symbol 7 press |SHET) i. (24310203412 e
Enter the expressions and then press | EXE|. O
The results are as shown. FHAL
3+ ]
} 2+1
1-i
S3+1
U] A LMATH
¢1-i3° )
-2-21
0
LIMES FHAY
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1.10 Conjugate, modulus and argument
Example 13

Let z=1++/3i

Findi z* ii |z| iii arg(2)

Press Menu). You will see the dialog box as shown on the right. Z Z MATH_MENU 77227
Choose 1: RUN"MAT and press BXE . 1 [ EE
\ GRHPHDYHH TFIBLEARECLIR
CONICS [ERUR  [FESM |TWH
et ol s, |
i Press ol | 3 CPLX | 4, Conj Conda (1+43i)
Enter the complex number in brackets. To enter the imaginary number O 1-{3i
symbol i press i) i.
Press | BXE|
,, | i |Aks]Ara]ion. 3
ii Press| 0PN} | (B CPLX | F2) Abs [1+=d |
Enter the complex number. To enter the imaginary number symbol / 0O <
press Fi i.
Press | BXE)
' [ i JAks] ot G
iii Press 0PN | ;3 CPLX | F3) Arg Are (1+3i)
Enter the complex number in brackets. %n
To enter the imaginary number symbol 7 press \fl) i. O
Press B
[ i | (A3 JCon.ij 3

1.11 Solving equations with complex roots

Example 14
Solve the equation 2x* — 15x*> + 44x — 39 =0
Press |MENU). You will see the dialog box as shown on the right. rﬁfm MATH MEML #ssis
S o IN-MANETAT |&-ACT |2-SHT
Choose A: EQUA and press  EXE}. F [ g L2 B 5 o B
o GRAFH [DVHA | TRELE REL'LIR
Al WU H ]
COHICS FRGH | TUH
- A 23 =l
SHIFT. InPul-Dutrput:Math
Press (SHE _SET UP Frac Result fd-c
Select a + bi as the Complex mode Func Txpe Y=
— Angle :Rad
Press | EXIT |
izFrlay tHorm
|RE'aI |a.*bi Irze

P> Continued on next page
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-t Trre

lxnomial

You will see the dialog box as shown on the right.
Choose equations of degree 3 and press EJ

Folxrnomial
Ho Data In Memor:s

Degree? _
W EF LY ) Iy

Another dialog box opens for you to enter the equation.
The general form of the quadratic equation is aX3 + bX?> + cX+d =0

axd+bHE+cE+d=0
E] b 3

CH] 1] 1] 1]
so we enter the coefficients in a, b, c and d.
5]
[Fors (AW [CLR [EDIT
Be sure to use the (T)j key to enter the negative values. ERE +I?1HE +c.‘>j+d=€lc
Press BXE after each value. L & -15  uy EEEEED
Press \@ SOLYV and the calculator will find the roots of the equation.
-39
[For (AW [CLR [EBIT
The solutions are, axd+bEe+cyp+d=8
— — . — . t]
x=15x=3+2iandx=3-2i. :-:a[ =
E | 3-2i
3
2
REFT

1.12 Polar form

The GDC displays complex numbers in either Cartesian form (z = x + yi) or
in a modulus, argument form r£0 — see 1.11 for how to find the modulus and
argument of a complex number expressed in Cartesian form.

Example 15

i Change 2 + 2i to polar form.

ii Change 3c1s( 3 j to Cartesian form.

Press \@ You will see the dialog box as shown on the right.
Choose 1: RUN"MAT and press  BE,.

Complex calculations are entered the same way as you would
enter a real expression.

To enter the imaginary number symbol 7 press | \ SHIFT i

b S_|I31PI‘:|II~1 MEMI ez
% Ll e
e 2 gl el

EDHIEQEEUH F,IPRGM T

Al JE b ti|+

i Enter (£+ 2i) and then press 0PI/ | F3 | CPLX | F6 o 5
Press | exgJ
The result is 2+/2 (cos%ﬂ'singj or 242 cis%
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- — /7;; ( b A — r Y P ~
and thgpress opmj | (B8 CPLX | 6| ») | F4 »)a+ bi _§+3J§i
Press EXE . : g 2 2
The z symbol is above the
L vy T0F [brs [ oo B O
You can also change the mode that the calculator uses to display complex Made iComEe T
results in settings. EEﬁE %55;1'& a:c’
( ) Draw Trre :Connect
Press | g SET UP Derjvative 07T
Select Real, Rectangular (a + bi ) or Modulus Argument (» £6). Anale tRad
For example, in Polar mode, typing 2 + 2/ ﬁ} would result in the number REal [arki [FLB
being displayed in Modulus Argument form without entering B 7 Z6.
Exponential functions
1.13 Drawing an exponential graph
Example 16
Draw the graph of y = 3* + 2.
Press meNuj and choose 5: GRAPH and press | BXE . Grapg Func  iv=
The default graph type is Function, so the form Y= is displayed. VIBS 2 =
Type 3* + 2 and press EXE|. Note: Type (3 ) 3 % E:%
Press | SHIFT, | F3] V-Wind dch RSTDt X681 1 to enter 3¢ - —
ress SHIFT) | F3, mn F)W and choose 3 (0 “x,e,’T ?b) to enter 3. P e B e e
use the default axes which are —10 < x< 10 The [»] returns you to —
and —10<y < 10. the baseline from the
Press BXE| and | F§) DRAW. exponent.

The calculator displays the curve with the default axes. l !

Adjust the window to make the exponential curve fit the screen better. /
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1.14 Finding a horizontal asymptote

Example 17

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

Draw the graph of y = 3* + 2 (See Example 16).

You can look at a table of the values of the function. ;;WM MAIH MEHL S
, ) i STAT |&ACT |5-SHT
Press Menyj and choose 7: TABLE and press | BXE|. BT ?

HICE |[EQUA |FREGM |TWH
ﬁaé_ﬁlnj 57"

Press f5) SET

F‘—SEL DEL JTYFEJSTYLISE T i

Choose a start and end point for the table and a step of 1. Table SetLing
Use the x-values from the graph you drew. A

Press | EXIT . W

Ster 1
Press sHiff) SET UP. ThFut-OutruliMath
— — Yariable i Range
Scroll down to Dual Screen and press FL| T + G. Grarh Func &0n

rac
Simul EPaPh fo
Derivative =fo 4

e 677
Press | BXE| F6 to view the table.
D \ i “ "ll
BT 20013
-5 2,004
-y 2.0123

-3 2.031
[FoRH [FOIP [E0IT oM [G-FLT

Press \@ G-CON to display the graph alongside the table. /

P Continued on next page
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Press | OPIN. \F2  GLINK. W1=3~CHI+2 5 -
As the value of x gets smaller, Y, gets closer and closer to 2. -G 2.0013
5 2.004
[ u E.DIEEI“
3
H=-3 v=2. 031031031
Press | BT and then press ) SET. Y1=37 A0 +2 .
Change the minimum value of x to —12. - :T -gl
x| F6) F5) G:CON 0P F2) GLINK. [ L :}
Eventually the value of Y, displayed in the table reaches 2.
) H=-12 v=2. 000001 B2
You can see, at the bottom of the screen, that the actual value of Y is
2.000001882...
We can say that Y, — 2 as x — —co.
The line x = 2 is a horizontal asymptote to the curve y = 3* + 2.
Logarithmic functions
1.15 Evaluating logarithms
Example 18
Evaluate log,,3.95, In10.2 and log, 2.
Press meny. You will see the dialog box as shown on the right. 2 2 MAT HeIHEHU T,
Choose 1: RUN"MAT and press | BE.. : _E.l‘a| #
GRAF IA EJ RECUR |
COHICS [ERU RGHATUM
70 o ) ¥
Press | &XT | until you see the menu on the right, then press 4 MATH. ]
A
Press \?2) logab to open the logarithm template. losgcOn
1233t IR T
For natural logarithms it is possible to use the same method, with the base loggi3. 997
equal to ¢, but it is quicker to press i . Similarly for logarithms to base In 16,2 A. 3963978956
10 you can press _log . ) 2.32238772
Note that the GDC will evaluate logarithms with any base without having Lamge=
to use the change of base formula. [MAT o3t -MBI_
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1.16 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 19
Show that the inverse of the function y = 10*is y = log, x by reflecting y = 10~ in the line y = x.
Press | MENU.. You will see the dialog box as shown on the right. sz MATN MEMU @z
: EUH-MATISTAT |2-ACT |5-SHT

o gern o e,

Draw the line y = x so that it can be recognised as the axis of reflection. Grarh Func :4%=
Choose 5: GRAPH and press B . y [—1
B ‘ YzB14 [—1
Type x and press  EXE . PR
R - Note: Type 10 | 110 : —_
Type 10* and press EXE|. Use | i to A [ X601 to enter 10¢ o [—]
enter x. 2\ o |SEL Eili.ﬁ”pﬁnw
Press | SHIFT) 5) V-Window and choose | F| INIT to set up square Liew Wlindow
axes which are —6.3 <x<6.3and -3.1 <y <3.1. Max :6.
scalei]
dot. 8.1
Ymin -3.1
max 3.1
[THIT RIG[ETD
Press B/ and Ff6) DRAW. I;'I
The graphs of y = x and y = 10~ are displayed.

/

Press SHIFT| F4) Sketch | 4] Inv. YZ=18" ()
Press [« to select the curve Y2 = 10*.

B A
Press | B . )I
The calculator will display the inverse of the function y = 10~
N =

Press X7/ to display the Y= editor. Erl*gph Func :¥= -
Type log (x). Press \E f m/‘ to enter yo2E18" [—17
« Y38loa X [—]1]

log(x). | log | is a shorter way
to enter log, ..

ETMUEL JTPE 5TV L G MEN) [T

Press B€ and 6] DRAW to display the graphs of y = x, I;'I
y=10"and y = log x.

The inverse function and the logarithmic function coincide, showing - ra I
that y = log, x is the inverse of the function y = 10",
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1.17 Drawing a logarithmic graph
Example 20

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

Press MeNU|. You will see the dialog box as shown on the right. xﬁfﬁﬁﬁﬁﬁ MATH_ MENU 7z
0L EERE

D"r'HFI |TFIBLE |REEUR|
CIZINII:S|EQL|FI |F‘RGH |TUM

Choose 5: GRAPH and pr?i“ \Exy. Press (2) ig) x61 I ETEETDEUQES Y= b s
Type 2log(x) + 3 and press EXE . = —
Y [—]
=
|5EL AL [DRAL
Press SHIFT) F3, V-Window and choose | £3) STD for the default Uiy Window
axes which are =10 < x < 10 and —10 < y < 10. max
scale 1
dot. 1@, 15873615
Vmin f-18@
max 1@

[THIT |TRIG|STD RCL

Press B/ and F6) DRAW.
The graphs of y = 10y = 2log, x + 3*is displayed with the default axes.

"”T

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

For help with changing
axes, see your GDC
manual.

E—

Trigonometric functions

1.18 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 21

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

Press sHiFT) SET UP. Grarh Func :0n
Dual Screen :0ff

Select either Deg or Rad using | FU or E) Simul Grarh :0ff
Derivalive 20T

Press @ Backaround @ Hone

Sketch Line Horm

0ed |Rad [GFha
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1.19 Drawing trigonometric graphs
Example 22

Draw the graph of y= ZSln[x + 6)+1

Press MENU. You will see the dialog box as shown on the right. ﬁféﬁ:ﬁﬁ’ HFIIH MEHU W
=

DYHH |TFIBLE |F:ECUF: |
COHICE |[EGUA FREGM |TWHM
ead_ﬁlnj 3

Choose 5: GRAPH and press BE . Grarh Fur['uc n=] V=
. T —a : YiB8Z2=in | #+=|+1 [—]
Type Zsm(x -+ EJ +1 and press | BXE . press (2 1og) (X81) +) @) &
‘I'4'
ot mfw—L
Press SHIFT) F3) V-Window and choose F2) TRIG for the default axes LUiew Windaow
1 — <x< — <y< ~ max =49,
which are —9.42 < x<9.42and -1.6 <y < 1.6. 9.42 ~ 31 el S T

dot. 8. 14959965
VYmin -1.6

max_ 1.6
[THIT [TRIG ISTD
Press B and f6) DRAW.
The GDC displays the graph of y :2sin(x +%J +1. / \ / \ / \

Change the y-axis to make the trigonometric curve fit the screen better.

VL
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More complicated functions

1.20 Solving a combined quadratic
and exponential equation

To solve the equation, find the point
of intersection between the quadratic
function y, = x> — 2x + 3 and the
exponential function

y,=3x2%+3.

Example 23

Solve the equation x? — 2x + 3 = 3.27* + 4,

Press MeNu) and choose 5: GRAPH and press EJE Er‘aF-g Func =h=
. . o1 Y1BX--2H+3 [—1]
The default graph type is Function, so the form Y= is displayed. :
ult graph type 1s Function, s r = Y2E3x2 H +4 [—1]
Type x> —2x+ 3in Y, and press EXE|. S —
Then type 3 x 2 + 4in Y, and press BE . Note: Type |24 (4 (Y [—]
Press SHET) F3) V-Window and choose i, STD to Sl 29 to enter 27 —SEL ALY [oRAw

The | » | returns you to
the baseline from the
exponent.

use the default axes which are —10 <x <10
and —10<y < 10.
Press BXE| and | F6) DRAW.

The calculator displays the curves with the default axes.

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

il nil

Press 5] G-Solv and ) ISCT. %

[ROOT [MAX [MIM [WIFT|ISCT| @

The calculator displays the intersection of the two v
straight lines at the point (2.58, 4.50). ¥
The solutions are x = 2.58 and y = 4.50.

1=HE-2K+3
2=JH2 R+

I

ISECT
n=2.581516B65  'Y=W.501 195594
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Sequences and series
1.21 Summation of a series

Example 24

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.

20

S, =Y 4+(k-1)3
k=1

Press meNu). You will see the dialog box as shown on the right. Z 5._l_r'1Ff.:_|"_I Heggyuggﬁm
Choose 1: RUN-MAT and press % 3| HE Erre
‘ GRAFH |DYHA xHBL% RECUR
ot WUl BT

Press F4 MATH | \/FTSJ o) 1R X(
The template matches the written Sigma formula. d=n0
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 650. 2@
lei4+'iki—1 PSS

K=
[5aE]
O
El e
Example 25
Find the sum of the first 12 terms of the geometric sequence 3, —1, %, - é,
The kth term of a geometric sequence is u, = u, - r*!
k-1
12
In the example u, = 3, r:—% andn=12. § = ZS-[—IJ
k=1
Press Menu). You will see the dialog box as shown on the right. MATH_ MEMU Z22
\ o STHT e ACT 5 ZHT
Choose 1: RUN-MAT and press | EXE|.
o GR wnﬁ THBLE F:ECI.IF:
v:u:-rm:s E&I.Lﬂ SR T
ARy Az h
Press F4) MATH | [F6) (») | F2) 3( E a3
The template matches the written Sigma formula. d=0
Enter the variables, values and the function as they are written.
Use the (» ¢ [ (x keys to move around the template.
Ea [
The sum of the terms of sequence is 2.25, to 3 significant figures. 12 [ [ 1 ] k-1 ]
3 —
K=t - 3
2. 249995766
1]
[Sdi ] Z | o
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How many terms of the series 2 + 1 + = 9 + o] +.

9 27
In the example u, =2, r =§ and 7 is to be found.

s=32(2)

k=1

The best way to view a table of the sums of a series is in recursive mode.
Press MeNU). You will see the dialog box as shown on the right.
Choose 8: RECUR and press | BXE .

. are needed before their sum exceeds 5.57

R, HHIH MEHLI /ﬁﬁ;’%
RUH-MATSTAT

R e )
F=[2 gy L BE
GR’ﬂF‘uD’T’Hﬁ A'I;FIELEI

=
CDHICS EQUH F'F:"H TWHM
#3501

Press f3) TYPE and choose R an+1= Aan+ Bn+ C

Press Bxr |

Select Txre

Fi:an=An+E
FZ: an+1=Ran+Br+C
F3:an+e=Aarn+1+Barn+ts = -

| =10 |-.=m+| |-:‘m+2

and press @ SET
Enter the Start value of the table as 1 and the End value as 10

Choose a_, |

Tabhle Settina fi+l

This will show the cumulative sums of the terms in the table.
Press B4T) and then f§) TABL

r
(this is an estimate of how many terms you will need) o : . %
Choose a, as the first term and enter 2 as the value of a,. el SL 3
Press | Exr | ETIE
The recursive formula of a geometric seriesisu ,, =7 u Recursion

) ) n n 2
Enter this formula using a ,, as % Xa, an+1B85xan [—1
Type % x Press|F4 7, a - and choose 52) a, Critll [I—!I
Press | XEJ Sel>SJDEL JTYPEJN an S T JiTE
Press SHIFT SET UP InFul DutrutiMath
Select X Display and press \ Fij On TR ORI

Grarh Func 0n

Lual Screen 0Off
Frac Result :da-’i:
Simul Grarh f0ff L
[on [ofF

The table shows the first four values of the series and its cumulative sums.
The first row show a, and a, and the second row shows @, and a, + a,, etc.

N4l And1  Edn+l

B

2 1.3333 3.3333
3 D.BBEE Y.22E22
4 0.5925 UY.BIUB

1
[FORM [WEE B}
Scrolling down the table shows that when n =7, § > 5.5 as required.
4l Ans1 Ednsl

U 0.5925 Y.BIUB
5 0.395 5.2098
6 0.2633 5.4732
] 0. 1155 5.G4B88

?
[FoRH [WEE BT

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

Using a graphic display calculator




Casio fx-9860GllI

Modelling

1.22 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 27

It is known that the following data can be modelled using a sine curve.

x| O 1 2 3 4 5 6 7
y| 69|94 |79 |67 |92 |83|65|89

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

Press MENU. You will see the dialog box as shown on the right.
Choose the 2: STAT and press | B .

Type the x-values in the first column (List 1) and the y-values in the [List 1 |List 2] List 3| List o
second column (List 2). s'"f 1 B

Press \ % after each number to move down to the next cell. Press »/ : é ﬂ::

to move to the next column. u 3l E." a
You can use columns from List 1 to List 26 to enter the lists. [EoIT[CEL [EEP[IRE [ &
Press Fi) GRPH and f) SET.

Select Graph Type and choose |F1, Scatter. : 5 a
Press | BXE . o "

Press Fi) GPH1. . .

The automatic scales do not always give the best display of the box and
scatter diagram. You cannot use V-Window to change the default values, = L o

but you can zoom in or out. : :
Press 1) CALC.
Press 6] ») and 8] Sin.
o = s
a ] .

-y Lo R Fur[Zn [ ©

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

The equation is in the form y = asin(bx + ¢) + d and you will see the values E :% ggggg?g%
of a, b, c and d displayed separately. g :-;.ng?agggg
The equation of the sinusoidal regression line is }.=E_S§Tﬁ ¢ Eglg% ;34

y = 1.51sin(2.00x — 0.80) + 7.99 COFY [DRAL
Press \j@ DRAW to return to the Graphs page.

Y [Lod [P Fur [5n [ &
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1.23 Drawing a piecewise function

Example 28

x2 —4x+3, x<3
Draw the function f(x)=11
E(x—3), x>3

Press \@ You will see the dialog box as shown on the right. ﬁ/ﬁ%” MATH_ MEHL WM’
Choose 5: GRAPH and press B). :

D‘T'HH TRBLE RECUR

COHICE |EGURA FREGHM |TWH
ﬁd_ﬁlﬂ 55

The default graph type is Function, so the form Y= is displayed. Grarh Func Y=

Type 2 — 4x + 3, [-10, 3] in Y1 and press | &XE). v15§2—4x+3, [-18.[—]
1 . —= Use square brackets to enter .'1255{:}{_3) »[3.18.[—1

Type E(x 3)[3,10]in Y2 and press EXE . the domains.

[EEmI0EL JTvPELSTYL oMe ] ]

Press F6) DRAW

Choose suitable axes to display the curves.
The piecewise function is displayed.
l S

2 2 Differential calculus

2.1 Finding the gradient at a point

Example 29

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

Press MeNU| and choose 5: GRAPH and press | B . Grarh Func :v=

I _ —
The default graph type is Function, so the form Y= is displayed. | e 7 Bl

= —2x*—6x+ BXE). P : —
Typey = 24 s+ 5 andpress (al) e TRl =
Press  SHIFT) F3, V-Wmdow‘and choose 3 STD 30 J ) G, Fs‘r—:T DEL JTVPE IS TVL BMEMd T
to use the default axes which are —10 <x < 10 The »J returns you to
and —10<y < 10. the basellne from the
Press B and F8) DRAW. exponent.

The calculator displays the curve with the default axes.

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 \J
manual.
Press | SHIFU (SET UP). InFPul-0OutrFut:Math
Draw Tvre tConnect
Set Derivative to On. Inea Trre fAnd
PR - EraThSFunc : g? ¢
; ‘ wal Screen :
Press BXE and F6; DRAW fto return to the graph. apat SELSED LA
on | OFf
Press | SHIFT) Fi Trace. V1=K (3O -ZKE-EH+5
The calculator displays the coordinates of the point and the gradient. /
/ I dysdi=-. al E
#=0.15 Y¥=-0.203125
Move the point along the line using the [ «) and > keys. W1=H (3 3-2KE-6R+5
The gradient (slope) can be found at a point that is close to 1.5.
[ h? =-5.123

nw=1.523808524  %=-5.2UB56926R8

Type &) ) (5) BE). WI=H™ (3 —ZHE-BR+5
Enter H-Uzalue
-l  ®:1.5 —

]
t dY-di=-5a 129
w=1.523809524  Y=-5.2UB5E92E9

The calculator displays the gradient of the curve at the point where x = 1.5. | [I=H"({ 51— 2HE—Lu+5

The gradient is —5.25.
[ }ﬁa
%=1.5

-5 125

2.2 Drawing a tangent to a curve

Example 30

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

First draw the graph of y = * — 2x> — 6x + 5 (see Example 29). /\}\ /

P> Continued on next page

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




Casio fx-9860GllI

Press | F4) Sketch.
Press | F2) Tang. /-\ 23 /

|12 [Tand Horm | Ine: | &

The calculator displays the trace screen. 1=K (3 1-2HE—EHE+5

[ d'l'-'dH- '1.3I g

#=0.15 - 0. 203 1 25
Press ()] (0] () (5) BXEJ. Y1=K (31 —ZHE-BH+S
Press | EXJ Enter ®-Ualus
m ¥:-8.9 —
i [ dveds=-n.312
%=0.15 Y¥=-0.203135
The equation of the tangent is y = —3.25x + 5.75. =6 (3 a—2HE—EH+5
Y= 3, B5H+50 15
#=-0.5 ¥=1.315
2.3 Finding maximum and minimum points
Example 31
Find the local maximum and local minimum points on the cubic curve.
First draw the graph of y = x* — 2x*> — 6x + 5 (see Example 29). /

Press | SHFT| F5, G-Solv.
Press | F2) MAX to find the maximum point. /\

[ROOT [MAX [MIN [FIFT[ISCT| O

The calculator displays the local maximum at the point (—0.897, 8.05). ﬁiﬁi |5.:x:+5
\,—/ MR
H=- n B9EBOS Y=H. 051047305

P Continued on next page
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Press | SHFT] F5, G-Solv. V1=K~ (3)-ZHE-GH+D
Press £3) MIN to find the minimum point.

The calculator displays the local minimum at the point (2.23, —7.24).

MIM
W=d«.23013864E2 Y=-".23623309

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 29).

Example 32
If y= x—+3, evaluate 4y
X dx|,_,
Press MENUJ. You will see the dialog box as shown on the right. T” ERL W
Choose 1: RUN-MAT and press | BE .

GRHF‘H |D‘|"Hﬁ |THBLEAREEUR |
E
4

HICE M |TWYH
ﬁ- ) s

Press \WT) until you see the menu on the right, then press @ MATH. O

- d . . d
Press 4 ™ to open the differentiation template. 42 02| ..=n
23k 44
The calculator shows that the value of the first derivative of y = x+3 is ad—[ &3 ]| =2
~0.75 when x = 2. ¥ 0 -B.75
1233k 24
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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 33
If y= , draw the graph of 9%
x
Press MENU,. You will see the dialog box as shown on the right. ;;’W,-ﬁ",-f THF|I:'I M MEMU ez

Choose 5: GRAPH and press | B .

Press [ opm| (r2 CALC. : —_
OPTN) F2, yI: [—d

Ydq: [—]

‘|'5: [—1]

[—1]

Lizt JCHLCIHY P JPROEJHUM I

y d . 5 h F Y=
Choose | 177 I to choose the derivative template. r*aF- ik
b 5%

¥i= ( 0 )| »=0
?2- [—]
Y3 [—1]
"|'4E [— ;II
i
In the template enter x, the function %3 and the value x. EPaF’E [Fuxhc,] W=
p \ X lll 1=_ i
Press (B, e L7+ 3 )| =i
28 yor * [—]
Y3: [—]
Y4 [—]
i
Press | SHIFT) \E V-Window and choose @ STD for the default axes View Wlindow
which are =10 < x < 10 and —10 < y < 10. max
EEEIE 1
dot. @, 15873815
Ymin :-18
max 18
[IHIT TRIGETD EA
Press | BE and F6) DRAW.
The GDC displays the graph of the numerical derivative |
i X
function of ¥ = 13
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3
Find the values of x on the curve y = % +x° —5x+1 where the gradient is 3.

Example 34

Press MENU|. You will see the dialog box as shown on the right. fm MATH MEMLU s

2ACT |SEHT

@E!Aw

TFlBLE REI:LIR

CONICS [EQUR [FRGHM [TUH
ﬁé-_oﬁlnjﬁa,
Choose 5: GRAPH and press B . Grarh Func Y=

Press o, r2) CALC.

T g e ™
l:'"-".ﬂ-b-l'.al

E ]
s [—1
= =
H“f

— d .. Grarh Func Y%=
Choose F1 — to choose the derivative template.

dx vi=cmy) o
y2: [—]
bt [—]
yi: [—]

T ———

Grarh Fur‘u:. Y=

3
In the template enter x, the function % +x*—5x+1 and the value x. q [
Press BXE . 3 H'lde[ #4525+ [—]

Yz
rs%rml—‘—

Press s F3, 3 V-Window and choose STD for the default axes Ui Window
which are — IOSx< 10 and —10 < y < 10. M=
scale-l
dot. 18, 15873615
VYmin -18
max 1@

[THIT |TRIG B TORCL

Press| &XEj and | F6, DRAW.
The calculator displays the graph of the numerical derivative \ /

]
o _x 2
function of y==-+"~5x+1. \/I

Press | EXT | to display the Y= editor. \ /

Enter the function Y, = 3.

Press 6) DRAW. 4, j’

The calculator now displays the curve and the line y = 3. \\__,

To find the points of intersection between the curve and the line: M=d de{ (™I ,30+E
Press | SHFT) 5, G-Solv. e W i

Press 5| ISCT. - | T\J ?H;'

The GDC shows a point of intersection at (4, 3).

P> Continued on next page
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Press (> to select the second point. ﬁézgr’dx( CCRC3DD 230+
The GDC shows a point of intersection at (2, 3). Y A
The curve has gradient 3 when x = 4 and x = 2. R\_, ?af?r
ISECT
n=g =3

2.6 Using the second derivative

The calculator can find first and second derivatives. The second derivative
can be used to determine whether a point is a maximum or minimum point.

Example 35

Find the stationary points on the curve f(x) = x* — 4x> and determine their nature.

f(x) =x* — 4x3
f(x) = 4x3 — 1242
At stationary points

f)=0
4x3 - 12x*=0
4x*(x—3)=0

Therefore x = 0 or x = 3.

Press | MJ) You will see the dialog box as shown on the right.
Choose 5: GRAPH and press BXE|.
C
C
t
CAH P AFROEJHUM ST
Enter x* — 4x% for Y1. Grarh Func Y=
y1gxY 413 [—1
ya: [—]
Yol [—]1]
EESMDEL JTVPE 5TV L JuME M
Press [ MENY). You will see the dialog box as shown on the right. i < MAIN, FAEHU R
Choose 1: RUN-MAT and press %. . M Fd::s %
‘ Use | 4 to enter the exponent. GRAFH |OYHA |TF|BLEARECUR
Press L to return to the base L et [V
e, co ~||c5|5%u | 2GHM |T'-;1;IF
Use the calculator to find the coordinates of the points and to Yic@
determine their nature. yic3o @
Evaluate the function when x = 0 and x = 3. 0 2T
Press vars) | Fra) GRPH | 1] Y then type 1(0)! to enter Y1(0).
Similarly enter Y1(3). [ |

The stationary points are at (0, 0) and (3, —27).

P> Continued on next page
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g 2 . .
Press \‘"VOPTNJ f F4; CALC | B % to enter the second derivative template. dd;a (o=
[Golug {edng O di Eolub] R
Enter Y1 in the template as the function using the same procedure to 13
enter the Y. de | 2= q
Enter the value of x as 0. de_
o FT eyl }I s
Repeat for the second derivative when x = 3.
In this case we are not certain what the nature of the stationary point is h [+ |
at (0, 0) but the point (3, —27) is a minimum because f”(x) > 0.
Evaluate f’(x) either side of x = 0, in this case using x = —0.01 and x = 0.01. | [d_ o1 :'l
.. - d =-@.81
To evaluate the derivatives follow the same steps as before, but use | 23 % . dx ® -1,284e-83
The gradient is negative either side of the stationary point. dx o vl :'l x=H. Ell - :
Hence (0, 0) is a negative point of inflection. T -
The graph on the right illustrates the curve, the minimum at (3, —27) and =R G —dR" [ 30
the point of inflection at (0, 0). ‘|(
| \q; r/:Im
=3 v=-a1

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 z( Jx )

Press \WNU) You will see the dialog box as shown on the right. = HFII HEMEHUSW;W

Choose 1: RUN-MAT and press | B . | S50 ) e,
GRAFH DYHHATHELEARECUR |

ED ICS |[ERUA F'RGH T'-.-'!;IF
=
< ¥

Press| 0P| F4 CALC | 8] «) | F1 [dx to enter the second derivative J‘DD -
template. O
In this example you will also use templates to enter the rational function
and the square root.
Ea e

P Continued on next page
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Enter the upper and lower limits, the function and x in the template. =) I

Press | BXE. J [:x:_“_ dix

The value of the integral is 21.5 (to 3 sf). O 21.51471863
[ 21 | o

3.2 Finding the area under a curve
Example 37

y=3x2-5
Find the area bounded by the curve, the x-axis and the lines x = -1 and x = 1.

Press \@ You will see the dialog box as shown on the right.

Choose 5: GRAPH and press | B).
Press  opmy)  F2) CALC.

H“H [t

Enter the function y = 3x2 — 5 and press @ Grarh_Func Y=
Y¥1E3%5-5

"|'4.
[—]

|5EL Hﬂﬁ'lnnnw

Press sHET) F3, V-Window and choose | F3, STD for the default axes Liew Wlindouw

which are —10 < x < 10 and —10 < y < 10. TEFS
scale

1
dot. B
i1

15873815
Ymin 1A
[k 5]
[IHIT fRIG[ETD RCL

Press | BE and F6) DRAW.
The graph of y = 3x? — 5 is displayed with the default axes. \ /

Change the axes to make the curve fit the screen better.
For help with changing \ /

axes, see your GDC \\_,___d_,/
manual.

P> Continued on next page
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Press 78] G-Solv | f8) () | (R [dx. Y1S3HE-5 :
The calculator prompts you to enter the lower limit for the integral. Enter Lower Bound u
Type —1 and press BE,. ®i-1
Be sure to use the (TD key. -T_ LOWER
QZ w=0 ¥=-5
The calculator prompts you to enter the upper limit for the integral. Y1=3HE1S
Type 1 and press  EXE]. Enter Urper Bound
1wt B
_T_ UFFER
n=-1 y=-2

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
LOWER=- | UFFER=
integral is negative. Sdn=-8
4 Vectors .
There is no scalar product
function on the Casio GDC,
Scalar product but you can find the result
by multiplying the vectors
4.1 Calculating a scalar product 2 s and s Al ilie
sum of the terms in the list.
Example 38
Evaluate the scalar products:
1 3
O
3 4 4l
Press \'\FNU) You will see the dialog box as shown on the right. i S'PF?TI HE.EEEUSW
Choose 1: RUN-MAT and press | BXE). i LB =z
\ GRAFH |D°HA |TRELE |RECUR
b Ml |
COpICE [EGUA  |FEGH |TWH
Press o) Ft) LIST | [£6) ») | (F6) (») | [F1) Sum. S
[SLm| EAEE -
Enter the vectors as lists using curly brackets { }. Separate the terms of CLM C4 Lls B rHL -Bad b0
the vectors using commas. O
Multiply the two vector lists together.
Close the bracket and press ENTER.
(1)(—3]_9 SumfProdfcunl] > | J G
3/ 4]

P> Continued on next page
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Press o) F1) LIST | [fs) ») | (F6) (») | [Ft Sum. Stam
Em cuml] > | J |IE

Enter the vectors as lists using curly brackets { }. Separate the terms of Sum til.-1.4{3:2.-F
the vectors using commas. O i
Multiply the two vector lists together.
Close the bracket and press ENTER.

1 3 Em ElEN -

-1 2[=-3
4| -1

4.2 Calculating the angle between two vectors

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

0= arccos[# J
lallb

Example 39
Calculate the angle between 2i+ 3] and 3i — ]
Press stiFt) SET UP. Er‘aThSFunc Erf‘n 4 T
Select either Deg or Rad using Fi or 2. & 1 EraEl TOfF
Press | BXEd o ; Letrivative 0T
i Backaround Hone
Sketch Line : Mot m
Ded |Rad |ata
Press sHIFT) (cos™!) | &% to select the fraction template. .
\ 0
pLIME] [ HAT
Press | o E \J LIST | \ Fﬁ) | FGJ J If F1) Sum. —— Sunm 1
[SLam | Cuml] 5 | 4 |E
Enter the vectors as lists using curly brackets { }. Separate the terms of the Sum (L2, G Ml Ba-1 10
vectors using commas. ||22+32 % ||32 #1132
Multiply the two vector lists together.
To calculate the magnitudes of the vectors use the formula Em ESAEE
|ai + 0| =a® + 1

P> Continued on next page

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



Casio fx-9860GllI

Press | EXE). ool Sum €2, TR T, -
The angle between 2i +3j and 3i—j is 74.7°. 192432 i3 40 -1
T4, T4423313

O
Sum fProdftumd] 2 | o |

Vector product

4.3 Calculating a vector product

The Casio fx-9860GII 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 \iMENU]. You will see the dialog box as shown on the right.
Choose 2: STAT and press EXJE“

EF:FIF‘I-:JD'T’HFI ATHBLEAREEUR |

EDHIESlEQUH |F‘F:EH |TUM

Type the numbers in the first column (List 1). List | |List 3| Lt 3| List U
Press | @ after each number to move down to the next cell. 5"‘: [ _
List 1 will be used later when you want to make a chart or to do some ! ]

calculations with this data. You can use columns from List 1 to List 26 3 :

to enter the list.

1
GRPHCALCITESTJIHTRJOTST IS
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5.2 Entering data from a frequency table

Example 41

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

Enter the data in the table:

Press [MENU.. You will see the dialog box as shown on the right. AL MEML A
B i RN HATERMN e ACT |2 SHT
Choose the 2: STAT and press EXE|. e e | FEEE B e
GRAFH |DVHA |TRELE |RECUR
Fpl W Rl ]
CONICS [EGUA |[FEGH [TUH
g e
Type the numbers in the first column (List 1) and the frequencies in the List | |List 2| List 3| List 4
second column (List 2). s | 5
Press | EXE| after each number to move down to the next cell. Press ] to e : .
move to the next column. u ul I

. . . =)
List 1 and List 2 will be used later when you want to make a chart or to do GRPHICALCJTESTHHTRIOIST I

some calculations with this data. You can use columns from List 1 to List
26 to enter the lists.

Drawing charts

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

5.3 Drawing a frequency histogram from a list

Example 42
Draw a frequency histogram for this data:
1,1,3,9,2.
Enter the data in List 1 (see Example 40). StalGrarhl
Press Fi) GRPH and fé) SET. ie IR
By default the graph type is Scatter Diagram (Scat). Change this to Freauesncy 1

Histogram (Hist) and leave XList as List 1 and Frequency as 1.

|Hizt |[Eox |Ear [H-DiZ|[Erkn| -

Press | BXT and press Fi) to select GPH1. N IHistclu-sr-aml Set,t.ling
Change the start value for the histogram to 0 and the width of the bars to 1.

Press | EXEJ. Start:@

=TTH

[GFHL [GFHE [GFHI

H

A histogram, scaled for the data in the list is displayed.

» Continued on next page
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Press sHiFT) | Ft (Trace). StatGrarhl

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 |—|
thelist 1, 1, 3, 9, 2. wel 4=

5.4 Drawing a frequency histogram from a frequency table

Example 43

Number 1(2(3(4|5

Draw a frequency histogram for this data:
Frequency 3 |4 |6 |5|2

Enter the data in List 1 and List 2 (see Example 41). StalGrarhl .
Press fi) GRPH and f) SET. A select List Ho.
List[i~2561: A
.
By default the graph type is Scatter Diagram (Scat). Change this to |
Histogram (Hist). Leave XList as List 1 and set the Frequency as List 2. HE?ZL sl B Li gu
Freauenc: iList2
You should see this display.
[GFHL [GFHZ [GFH3

Press | B4T) and press Fi) to select GPHI. N lHistclu-ar-aml Settling
Change the start value for the histogram to 0 and the width of the bars to 1.

Press | EXE). Start:p

(=10

[GFHL [GFHE [GFHI

A histogram, scaled for the data in the list is displayed.

[ N

[1UAF

Press |siFT) i/ (Trace). StatGrarhl

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

frequency. |_|_®7 _l

T
H=g f=U
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5.5 Drawing a box and whisker diagram from a list

Example 44
Draw a box and whisker diagram for this data:
1,1,3,9,2.
Enter the data in List 1 (see Example 40). [
Press 1) GRPH and ) SET. RList o iListi

By default the graph type is Scatter Diagram (Scat). Change this to MedBox EEETE‘SE?‘ éff

(Box) and leave XList as List 1, the Frequency as 1 and Outliers off.

[GFHL [GFHE [GFHI
Press | &7 | and press | Fi| to select GPHI.
[LUAE
Press [sHiFT) 1] (Trace). StalGrarhl
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.
Med =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 1/2(3[(4]|5
Frequency | 3 |4 |6 |5 |2

Enter the data in List 1 and List 2 (see Example 41). StatErarhl
Press fi) GRPH and #) SET. A Select List Ho.
By default the graph type is Scatter Diagram (Scat). Change this to List[1~26]: 2

MedBox (Box). Leave XList as List 1, set the Frequency as List 2 and
leave Outliers off. ELIST

You should see this display.

I aF »Fe  iMedBox
Hlist tList]
Frequenc: iList2
OutL.liers tOff

GFH1 |GFHE |GFH3

Press | &1 | and press | Fi| to select GPHI.

—L [

P> Continued on next page
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Press siFT) F1] (Trace). StatGrarhl

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.

Med =3
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 List 1 (see Example 40. || Ovar fList slisti ]
Press f2) CALC and s, SET. 3Uar W ist :Listl
, : : 8 : ' : 2Uar YList :Listz2
Use the default values for 1 variable statistics which are XList as List 1 SUar Frea :1
and Freq as 1.
Press | EXT | and press \E to select 1 VAR. - List ||List a|List 3| List o
1| T
2 I
3 3
u g )
[1uar [auak [P
The information shown will not fit onto a single screen. 1-Uariable
You can scroll up and down to see it all. oy Z?gz
B : Zx2 =95
The statistics calculated for the data are: i =%_ gggggg?
= =x =3.
mean X i =5 4
sum >x
sum of squares ) x? 1- Uar*_l_gble p
population standard deviation ox Ein:x: =1
.. 1 =1
sample standard deviation Sx Med =2
number n Maxe :S &
minimum value minX
lower quartile Q, 1-Uariable
median  Med ”Ed ;E T
upper quartile Q, HSEH :?
. Mod:n=1
maximum value maxX Mod: F=2
mode Mod
number of data mode items Mod:n
data mode frequency  Mod:F
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5.8 Calculating statistics from a frequency table

Example 47

Casio fx-9860GllI

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

Press F2) CALC and E) SET.

Calculate the summary statistics for this data:

Enter the data in List 1 and List 2 (see Example 41).

1llar #List

Select List Ho.

tlistl

Leave the 1 variable statistics default value for XList as List 1 and change %t List[1~26]1: A
Freq to List 2.
.

You should see this display. 1Uar xList :Listl
EUgg 'T'Ligt- Ligtz
2llar Fres |
.

Press | &1 and press Fi| to select 1 VAR. sual List | |List 2| List 3[List U

1 3
2 2 y
3 3 B
u u 5
1Ak [2UAFR TEEP

The information shown will not fit onto a single screen. 1-Uariable

You can scroll up and down to see it all. Ex z%ggs

The statistics calculated for the data are: §§ 3 :%?3531289 4

GEns T ﬁx :éé2343?684 g
sum  Yx
sum of squares Y x? 1 Usriable
population standard deviation  ox nu iy Z% T
sample standard deviation  Sx ﬁé_ P :%
number n ng:x: 2% .
minimum value  minX
lower quartile ~ Q, T
median  Med Mgd :E T
upper quartile  Q, maxy =2
maximum value maxX HEE: n:%
mode  Mod HodfF=g
number of data mode items  Mod:n
data mode frequency  Mod:F
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5.9 Calculating the interquartile range

Example 48

Casio fx-9860GllI

Calculate interquartile range for this data:

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

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

The calculator now displays the result:
Interquartile range = Q, - Q, = 2

Press \@ You will see the dialog box as shown on the right. e ‘*THFE:'TI Heggﬁug%ﬁfﬁ
Choose 1: RUN-MAT and press | B . | BEE [t
‘ GRAFH |DVHA (TR LIEARECLIF:
Al mFH
CONICZ|EQUA  [FEGHM |TWH
B g7t o ) ¥s 7,
First calculate the summary statistics for this data (see Example 47). R3—-G1
2
(Note: The values of the summary statistics are stored after 1-Variable O
Statistics have been calculated and remain stored until the next time they
are calculated.)
Press wis)| 3) STAT| ) GRPH | 58] 19| i) Q, =) 1 19 | ) O, o€ | | M NE MR W e o

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 x + ox for this data:

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

Press MENU,. You will see the dialog box as shown on the right.

“ % MAIN MEML s
%srn‘r e-ACT |S-SHT
] | HE

Press was)| i) X | [F2) ¥ + P8 ox | BXE)
The calculator now displays the result:
x +ox =4.15 (to 3sf)

Choose 1: RUN-MAT and press | BE . FEEE:
‘ GRAFH D'YHA | TAELE |RECUR
GEN
CONICS|EQUR  [FEGM |TWH
N 4257,
First calculate the summary statistics for this data (see Example 47). T+ox
o _ 4,153120942
(Note: The values of the summary statistics are stored after 1-Variable O
Statistics have been calculated and remain stored until the next time they
are calculated.)
[ 1 | 5 JEx [z T
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Calculating binomial probabilities

5.11 The use of nCr
Example 50

8
Find the value of (3} (or ().

Press MENU. You will see the dialog box as shown on the right. m MATH MEMU e
~ ACT |5-3HT
1

Choose 1: RUN-MAT and press | B . é EE,
‘ RELE |RECUR
|

g,

+%
e =)
"\._\_\.}
o —1n
‘E{ F-l
= I
::-54
=N T

2
=
I
=

EP. 3
gem
ne

a2

Press "VOPTN"\‘ 6! (»| | '[;3| PROB to enter probability menu. 2C3
(OPTNJ | F6 | ») | |F3) p ty S
Press |8 J = nCr J o

[ ! InPrlnCrJRAHDY T

Example 51

4
List the values of (r] forr=0,1, 2, 3, 4.

Press \ME@ You will see the dialog box as shown on the right. f}’WM HFII H MEHU m

- ur| M
Choose 7: TABLE and press B . _EEE

GRHPH DYHA

RECUR

CDHICQE?‘%APRGH ;;?F .
Press | opmy) F4) PROB to enter probability menu. Table Func iY=
Press (4 F3 nCr| x0T | BXE . L [—]
Yq: L—
‘1'5' [—1
[ ]

ISEL STYLYSE T I

Press fs, TABL.

# ¥l
The table shows that You may need to reset 0 I
the start value and | u
4 -1 4 -1 4 "y 4 -6 4 e 4 -1 step values for the [ g 5}
o] "lo) "lt) "lz) I3 4 table using | Fs) SET -

5]
[FORM [FEP [EpIT G-cor [G-FLT
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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] 0.75° 0.25*

The calculator can find this value directly.

Press MENU. You will see the dialog box as shown on the right. il
\ - RUN-MATERIGRE
Choose 2: STAT and press | EXE . b e |

Press 5 DIST | 8 BINM | f1) Bpd. ppst st 2uist afuise u
L
2
3
i
[GRPH [HTR =
Enter the x-value 5, the number of trials, 9 and the probability 0.75. Binomial FP.D
Press EXE Data tUariable
ress EXE . g =
Mumtrials3

F @, TS
Sawve ResiMHone

CALC

The calculator shows that P (X =5) = 0.117 (to 3 sf). Binomial P.D
F=H. 1167984

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 \MENU)‘. You will see the dialog box as shown on the right. MALH MEHLU sz
i P ROH-MATERGGHMN = ACT |S-SHT
Choose 2: STAT and press | EXE . F=[2Y =
GRAF

H |DYHA |TARELE |[RECUR
B et el
CONICE [ERUA [FRGM [TWH
St e,
Press \F?y DIST | FS) BINM | H)\ Bpd. List | |List afList 3]st u

SUE

1 [
2
3
u|
[GRPHCALCITEST IIHTR 0TS T I

P> Continued on next page
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Enter tEe values 0,1,2,3,4,5,6,7 in Listl. Press % after each number. |List 1 |List 2]List 3| List o
Press #8) DIST | ) BINM | i) Bpd. O —r
] 2 [
3 2
u 3 d
[GRPH, THTEJOTS T I
Press Flj List. Einomial P.D
. Lata iList
Choose Listl1. List. ~ _iListli
Enter the number of trials, 7 and the probability 0.3. Eumtm Al & .
Press | EXE|. Save ResiNone
N
CALL
The calculator displays each of the probabilities. Biromial P.D
To see the remaining values scroll the screen down. é IE!%
Note: the figures on the left refer to the positions of the values in the list, 3 E :;::
not the values themselves. Ll @.B223543

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 MeNu. You will see the dialog box as shown on the right.
Choose 2: STAT and press B .

COHICS [ERUA  [FRGM |TWH
Axhe

Press 5 DIST | /5 BINM | 2 Bed. List 1| List 2] List 3]st

You are given the lower
bound probability so you I
have to calculate other :
probabilities using this. lll

SUE

kPHJCALCITESTTHTR 0TS T

a Enter the x-value 5, the number of trials, 9 and the probability 0.75. Biromial C
= Data tlariable
Press EXE,. i

Humtriali 2o
F 1@, 45
Save ResiHone

.D
r'\

e iT]

CALC

P (X < 10) = 0.751 (to 3 sf) Einomial C.D
F=0. 75071064

P Continued on next page
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it is easier to do this without the wizard.
Press MENY. Choose 1: RUN-MAT and press EXEJ.

b When using the lower bound probability to calculate other probabilities, | [ ' MAIH MEMU @i

Casio fx-9860GllI

COHICE |EQU FEE

P5<X<15=P(X<15)-P(X<4)

menu.
Enter binominalCD(15, 20, 0.45) — binominalCD(4, 20, 0.45)
P(5 < X <15)=0.980 (to 3 sf)

Press| o) /5| STAT | /3 DIST | [f5, BINM to enter the binomial

O

c PX>11)=1-P(X<11)
Enter 1 — binominalCD (11, 20, 0.45)
P (X >11)=0.131 (to 3 sf)

1 Eun-:-mmalCD':ll:EEl:lb
. BTE49714

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)

ii P(X<2)

ili P(X>2)

Ry A s 250-5)2

The calculator can find this value directly.
Press MeNu| and choose 2: STAT and press B .

GRHF‘ED"(HH |TFIBLEAF:ECLIR |

CDHIES ERUA F‘RGH TVH
EIK“"‘ ¥$FF 4

Press 5 DIST | (6] ») | F1) POISN| f1) Ppd to use the Poisson
probability density function.

Enter the X value and the parameter.
Leave Data as Variable and Save Res as None.
Select Execute and press EXeJ.

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

|List 1 List 2] LSt 3] List u
sUE
|
2
3
u
[Frd [Fcd [TnuF
Foisson P.D
Data tlariable
x :

K HY S
Save Res:Hone

P Continued on next page
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The calculator shows that Poisson F.D
P(X=2)=0.0758 (to 3 sf) F=H.BTI21633

-0.5 0 —0.5 1 -0.5 2
e x (0.5 , € x(05) e x(0.5)

it PX<2)="—; 1 21
The calculator can find this value directly. GRRP_J:-YHH T mlaliEI RECUR
Press MeNU, and choose 2: STAT and press B, i —Q LT

IZIH L= EEL.I\H FEGM |T4'M
axn+-‘@ ¥ 4FF n

Press F5) DIST | #6) (») | [F1) POISN| (2] Pcd to use the Poisson susl List 1| List aliist 3]st u
cumulative distribution function. I
;
u
[Frd [Fed [InvF
Enter the X value and the parameter. Foiz==on L.D
Leave Data as Variable and Save Res as None. Eata sMariable

Select Execute and press | @

IEIS
Sque EEE Hiorne

[cALT
The calculator shows that Foisson C.D
P(X<2)=0.986 (to 3 sf) p=H.98561232

e X (057 | e x(05) e x(05)
3] 4 T s

=1-P(X<2) GRHPuDYHH |TF|BLE |F:ECLIR|
First you need to calculate P(X < 2). CSlEg{Lm |F'FtGM |wa=1|=
g N = 2

Press MeNU/, and choose 2: STAT and press | EXE .

i P(X >2)=

Press F5| DIST | #6) ») | F1) POISN| [f2) Pcd to use the Poisson e st B fList 3 List
cumulative distribution function. N |
:
1]
[Frd [Fed [TnuF
Enter the X value and the parameter. Foisson C.D
Leave Data as Variable and Save Res as None. Eata i :a; iable

Select Execute and press EXeJ.

Saue Ees Hone

P Continued on next page
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The calculator shows that Foisson C.D

P(X < 2) = 0.986 (to 3 sf) Pl YenblZae

Once you have calculated P(X < 2) you need to find [ A FI_I_I He FF1|EHLI s
- P(X<2) W_ﬂ o e

Il
I-

X< EE 4

Press (Mnl).

C]ile;;,\::E;l?)RUN - MAT and press o). @QWA%Q
:ggté = IIIJ ¥% A

Type (1) = and press s} | (73] STAT | #8) RESLT | 73 DIST | (i -r
ype @ (g and press (il | (&8 J | | &gr 8. 81438767797
Press \\ EXI§ 4 O

The calculator shows that
P(X>2)=0.0144 (to 3 sf)

[ P JxInufedInugezIng i

Example 56

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

There is no inverse Poisson function on the Casio fx-9860GII, so instead
you should use the numerical solver function to find a value of ¢ when
you are given a probability.

Press Menu|. You will see the dialog box as shown on the right. W MAIH MEML sz
B S ATSTAT [2ACT |S-SHT
Choose A: EQUA and press EXE . E: g p

GRAFH |[DYHA TRHBLE| RECUR

Press \E) to choose the solver. Eaquation
Select Trre
Fl:Simultaneous
F2:Polynomial
F3: Solv
siMLJPoLy):
The solver will numerically solve equations of the type f(x) = 0
Type the equation
PoissonPD(2, x) —0.035
To enter PoissonPD, press 0PN | (£6) ») | i) STAT | |t DIST | [F6) ») |
1 POISN | |Ft Ppd To00
Enter an initial guess for x, 0 is close enough. Ea:FoissonPLEZ. ¥ -, 1k
Press Ex ) until you return to the menu that shows | F6 | SOLV. ower=-9e+
77777 UFrFer=2g+99
Press F J

P Continued on next page
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The required value of w is 0.309 (to 3 sf). Ea:

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)2. 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 \W and choose 2: STAT and press Exy

GREAFH DYHHATHBLEARECUR |

COHICS [ERUA PRGM TUH
@ axhe ¥ 4FF

Press \@ DIST Ej NORM ‘F@ Ncd to use the Normal Cumulative e List ||Lift 2|List I|List U
Distribution function. 1 [T
a2
El
u
GRPH, [HTE, 3
Press \@ Var. The value 1E99 is the largest value Hormal C.D
that can be entered in the GDC and is Lis iLiz
used in the place of . It stands for g- List ¢ %1512
1 x 10%° ( —1E99 is the smallest value R )
and is used in the place of —). To Sl?skieuaﬁtr?y Hone +
enter the E, you need to press | EXPJ :
This dialogue box is used to calculate normal probabilities. Hormal C.D
You should enter the Uggg? El
values, Lower Bound, .j Hal
ST BTl G el 5, - Ees' ﬁone 4
in order. [GEt [War
a Px<190) Eagmal D.E : eht
Enter Lower Bound as —1E99, Upper Bound as 190, ¢ as 20 Lgugr : _?E.}.Sg =
and p as 195. 20
Press | BXE .

P Continued on next page
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P(X < 190) = 0.401 (to 3 sf) Hormal C.D
= =A, 48129367
z:low=-SE+3T
zilp =-8.25
b Hx>li® Mormal C.D
Press | BXT | to return to the entry screen. Eghgp : "1]32 Lskike
Enter Lower Bound as 194, Upper Bound as 1E99, ¢ as 20 and u as 195. EPF'E"“ égﬁ'g

P(X > 194) = 0.520 (to 3 sf) Normal €.B_ o
= =i,
zilLow=-8,85

z:0p =Se+97

c P(187 <x< 196) Mormal C.0v
Press EXT | to return to the entry screen. Egﬁgp s yaciable

12
Enter Lower Bound as 187, Upper Bound as 196, u as 195 and o as 20. EFPE‘” %36

P(187 < X <196) = 0.175 (to 3 sf) Hormal C.D
F =@, 173366854
ziLow=-8

z:lp =0, 065

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 Inverse Normal function.

When using the Inverse Normal function,
make sure you find the probability on the
correct side of the normal curve. If the area is
the lower tail, that is it is in the form P(X < x),
use ‘Left’ tail.

4 If you are given the upper tail P(X > x), you
should use ‘Right’ tail.
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A random variable X is normally distributed with a mean of 75 and a standard You are given a lower-
deviation of 12 or X ~ N(75, 122). If P(X < x) = 0.4, find the value of x. tail probability so you

should choose ‘Left’.

Example 58

Press MeNy| and choose 2: STAT and press @

aREAFH |[DYHA TRHLE| RECUR
_AMW
HICE REGHM | TWVH

O g o] o e

Press 5 DIST f1) NORM 8 InvN to use the Inverse Normal function. ogeiit L List 2luist aluist u
I
2
3
y
GRPH, &
Press \@ Var. You should enter Inverse Hormal
the values: Area al =)
(probability), o and 4, g""?a S
in order. H =)
Sa'u'e Fes:Mone +
[Lizt [Dar
Enter Tail as Left ( FL ), Area as 0.4, ocas 12 and u as 75. Inyerse Normal
Press BE,.
So if P(X < x) =0.4thenx=72.0 (tO 3 Sf). Inverse Hormal
=Inw=T1,9593348
Example 59
A random variable X is normally distributed with a mean of 75 and a You are given an
standard deviation of 12 or X ~ N(75, 12%). upper-tail probability
If P(X > x) = 0.2, find the value of x. S0 you should choose

‘Right.

i LB [+
GRAFH |DVHA | TRELE |RECUR

v |

T A
CONICS r_sﬂu“q FRGM T'-.JH
ﬁﬁ_ E| E: iﬁt

P> Continued on next page
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Press \@ DIST @ NORM B InvN to use the Inverse Normal function. List 1]List @fList 311ist U

GRPHACALCITESTTHTRI0IST I I

Press | F2 Var. Inverse Hormal
You should enter 1
the values: Area Area (5}
(probability), o and u, d 8

|.'.
in order. Save Fes:MHone 4
[zt [Uar

1=}

Enter Tail as Right (| F2) ), Area as 0.2, oas 12 and pas 75. Inverse Hormal
— ‘ Data tlariable

Press | EXE). Tail tRight

grea

B,z
2

So if P(X > x) = 0.2 then x = 85.1 (to 3sf). Inverse MHormal
= Inv=25.0994548

This sketch of a normal distribution curve
shows the value of x and the probabilities
for Example 59.

0.8 0.2
T
85.1
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