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

GDC instructions on CD:

are for the TI-Nspire model.
Instructions for the same

available on the CD.

chapters, you can refer to this chapter for extra help with your

GDC if you need it.
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1 Functions

1.1 Graphing linear functions

Example 1

Draw the graph of the function y = 2x + 1
Open a new document and add a Graphs page. [11]r  x  Geoandwig w an
The entry line is displayed at the bottom of the work area. 6.67Fr
The default graph type is Function,
so the form ‘fI(x)=" is displayed. }
The default axes are —10 < x < 10 and — - 5
—6.67<y<6.67.
Type 2x + 1 and press _enter .

0 rilx)= la)
The graph of y = 2x + 1 is now displayed and labeled [T N Geswmdviow 0]
on the screen. L b

) =241
!
-0 4 re
o -&.67

Finding information about the graph

Your GDC can give you a lot of information about the graph of a
function, such as the coordinates of points of interest and the

gradient (slope).

1.2 Finding a zero
The x-intercept is known as a zero of the function.
Example 2

Find the zero of y = 2x + 1

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

Using a graphic display calculator

, At the x-intercept, y = 0. ‘

| 1.1 |k [ Geoand trig w nﬂ

667 Ty

1lc)=2 241
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Press menu, 6:Analyze Graph | 1:Zero i a0 And g il
| £ 6.67 Ty
Press _enter.
To find the zero you need to give the lower and upper )2 x+1
bounds of a region that includes the zero. #
The GDC shows a line and asks you to set the lower . A . X
bound. Tl (r0's,0) 10
Move the line using the touchpad and choose a position to
the left of the zero.
Click the touchpad. il
The GDC shows another line and asks you to set the HEEX E “Geo and big w il x
upper bound. | 6.67 Ty
Use the touchpad to move the line so that the region 1)ez s
between the upper and lower bounds contains the zero.
When the region contains the zero, the calculator will b i
display the word ‘zero’ in a box. - Sk 10
Click the touchpad.
The GDC displays the zero of the function A )e *Geo and trig w ] x |
y = 2x + 1 at the point (—0.5, 0). 6.57 Ty
fx)=22041
y 5
1o (ro's,0) 0
k
» =5.67
1.3 Finding the gradient (slope) of a line
The correct mathematical notation for gradient (slope) is d_y,
and this is how the GDC denotes gradient. dx
Example 3
Find the gradient of y = 2x + 1
First draw the graph of y = 2x + 1 (see Example 1). HEERE h  Geoandtig w a8
6.67 Ty
flx)=22x+1
: b4
-10 i 10
e -6.67

P> Continued on next page
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Press menL‘l;i 6:Analyze Graph | 5: o : - mf kA L
= dx vy 6877y ]
Press | enter| P
Use the touchpad to select a point on the line. ¥
. ; ; 5
Click the touchpad. o j_pointon 0
- 587
The point you selected is now displayed together with the | -[17] *Ces and i w i}
gradient of the line at that point. 5671
The gradient (slope) is 2. Tle)=2241
’ X,
I p;oinf on ) 0
2
o -G.67
With the open-hand symbol showing, click the touchpad | _[+1]. “Gea and tig w 1] x]
again. The hand is now grasping the point. 6.677r
Move the point along the line using the touchpad. lx)=2541
This confirms that the gradient (slope) of
y=2x+ 1 at every point on the line is 2. ; %
i@ 1 1o
» 6.07
Simultaneous equations ; _
For solving

1.4 Solving simultaneous equations graphically

To solve simultaneous equations graphically you draw the straight
lines and then find their point of intersection. The coordinates of
the point of intersection give you the solutions x and y.

Example 4

2x+y=10
x—y=2
First rewrite both equations in the form ‘y =’.
2x+y=10
y=10-2x

x—y=2

Using a graphic display calculator

Use a graphical method to solve the simultaneous equations

simultaneous
equations using a
non-graphical method,
see section 1.5.

The GDC will only draw the graphs of functions
that are expressed explicitly, ‘y =" as a
function of x. If the equations are written in

a different form, you need to rearrange them
before using your GDC to solve them.
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To draw the graphs y = 10 — 2y and y = x — 2: SEEAE *Geo and g w an
Open a new document and add a Graphs page. 6.67%y
The entry line is displayed at the bottom of the work area.
The default graph type is Function, so the form ‘fI(x)=" is
displayed. E 5
The default axes are —10 < x < 10 and —6.67 < y < 6.67. [ : fo
| 1)-10-2x 12
Type 10 _ 2x and press enteg. d411. 1 ‘Geo‘andhig - ﬂﬂ
The calculator displays the first straight-line graph: L
fl(x) =10 — 2x
1 fl)-10-2x_
~ir I3 73
k
» —6.67
Use the touchpad to click on the arrows in the bottom left- | «[11]: *Geo and tig @8
hand corner of the screen. 6671y
This will open the entry line again. This time f2(x)="is
displayed.
Type x — 2 and press | enter . 1 Flx)=10-2
L “ro ! I
[ rx=x-2 1 B
The GDC now displays both straight-line graphs: LEERE Geoand tria w i x|
fl(x)=10-2x 5.67 % P
P =x-2 A ra
i
5
g ] 1/ 10
f2(x) =2
flx)=10-2x
5 -6.47
Press menu| 6:Analyze Graph | 4:Intersection Point(s) 1 Geoand g ¥ ‘ne
= 2 .67 v
Press  enter
To find the intersection you need to give the lower and o
upper bounds of a region that includes the intersection. ! d
The GDC shows a line and asks you to set the lower -10 ) ] 10
bound. Move the line using the touchpad and choose a f2bdex=2
position to the left of the intersection. ' it
Click the touchpad. -5.67

P> Continued on next page
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The GDC shows another line and asks you to set the upper (11 E *Geo and tig w a8

bound. | 557 Ty
Use the touchpad to move the line so that the region
between the upper and lower bounds contains the .
intersection. i % Z] i
When the region contains the intersection, the calculator 1o ! 0
will display the word ‘intersection’ in a box. B

. 12{x)mx-2
Click the touchpad.

. f1(x)=10-2-x

The calculator displays the intersection of the two straight JEERE #Geo and trig w a8

lines at the point (4, 2). 6.67 1y /

The solutionisx =4, y = 2.

f2(x)=x-2
f(x)=10-2x
» -5.67

1.5 Solving simultaneous linear equations B ot s

the equations to

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

show any method of solution. You should simply write out the equations in particular format

the correct form and then give the solutions. The GDC will do all the working to use the linear
for you. equation solver, as

long as they are both
linear, that is, neither
equation contains x>

or higher order terms.

Example 5

Solve the equations:
2x+y =10

Open a new document and add a Calculator page. Solve a Syst ’
Press menu 3:Algebra | 2:Solve Systems of Linear

w— Number of equations &
Equations. .. :
Press enter); Wariables: |){.3"

You will see this dialogue box, showing 2 equations and | | Eriter variahleyames separated by commas

two variables, x and y.
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.

P> Continued on next page
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Press ent_ey' and you will see the template on the right.
Type the two equations into the template, using the
arrow keys .a w to move within the template.

Press enter| and the GDC will solve the equations,
giving the solutions in the form {x, y}.

alta|» Mum Alg 1w "ﬂ
| linSc»Ive({:i'-: .{x,y})

k
The solutions are x =4, y = 2. EERE Mum Alg 1w K A8
. 2 x+y=10 J {42} 7
_| llnSolve({J_y= P ,{x,y}

Quadratic functions
1.6 Drawing a quadratic graph
Example 6

Open a new document and add a Graphs page.

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

.I'I 1= *Function: w ﬂﬂ

The calculator displays the curve with the default axes.

The entry line is displayed at the bottom of the .67y
work area. The default graph type is Function,
so the form ‘fI(x) =’ is displayed.
The default axes are =10 < x < 10 and —6.67 < y < 6.67. _ ¢ , P
[«. 1‘_1(:<:)==J<2—2>c_+3I I |?
Type x* — 2x + 3 and press .entey. HEERE F:mcrmns - o] ]
6.67 %y

f1 (:(}-x2 =2x+3

For help with panning, |
see your GDC manual.

- 10 7 I
i -6.67 k
Pan the axes to get a better view of the curve. JEERE Function: w i x|
2082 Ty

Tlc)=x? =2 %43

P> Continued on next page
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Grab the x-axis and change it to make the quadratic 1r]: *Functions w i x|

curve fit the screen better. \“’- 827y
For help with changing \
axes, see your GDC N\
b ¥
manual. ! e =% -2x43
¥ axKes
WWWW
-4.02 574
5 ~252

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 7

Solve 3x2 —4x—2=0

Press| menu 3:Algebra | 3:Polynomial Tools | 1:Find Find Roots of a Polynomial
Roots of a Polynomial... _

Press enter| Degree E e

You will see this dialogue box, showing a polynomial of Roots

degree 2 (a quadratic equation) with real roots. You do Real -

not need to change anything.

Another dialogue box opens for you to enter the equation.
The general form of the quadratic equation is

Roots of a Folynomial

ax*+ax+a, =0, so enter the coefficients in a+a+an=0
a,a anda, o
Here, a, = 3, a, = =4 and g, = —2. Be sure to use the i<
(=) key to enter the negative values. Use the tab key to a= -
move around the dialogue box.
Press enter| and the GDC will solve the equation, giving A= 7
the roots in the form {x, y}.
Cancel
The solutions are x = —0.387 or x = 1.72 (to 3sf). | 11 NumAlglw & am

“

polyRooTs(B 'J(2 -4-x-2,x)
{-0.387426,1,72076 }
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1.8 Finding a local minimum or maximum point

Example 8

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

First draw the graph of y = x> — 2x + 3 (see Example 6). <[11]» Functions w i x|
2ty
L
M) =xF-2x+3
lfr
-y &
» -5
Method 1: Using a table KR “Functions w @an
You can look at the graph and a table of the values by 217y x[fea= ¥
using a split screen. 22k
Press menu | 2:Vi¢w | 9:Show Table 0. 3. a
(or simply press ctil | 1) ! 2.
The minimum value shown in the table is 2 when x = 1. 3 % 3.
2 B.
! 'I’1{Jc':|:3(Z =2¥
- 6.5 i 13 =
5 -?.51 3 |‘]’}1

Look more closely at the values of the function

around x = 1.
Change the settings in the table. Table Start [I |
Choose any cell and press| menu 5:Table | 5:Edit Table Step: |1 0 ]
Table Settings... Independent:
Set Table Start to 0.98 and Table Step to 0.01.
Press enter Copendert
The table shows that the function has larger values SEER! *Funciions w an
at points around (1, 2). We can conclude that the \12 Iy % [F6g= W
point (1, 92) is a local minimum on the curve. R2-2%+3
0.98 20004
0,99 20001
1, 2.
H b= -2 ] T
—4 ¥ a2 20004 o
@ -27 2 (€[>
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Method 2: Using the minimum function

¥

M fMl)mcZ=2ce3

%
4

Press menq; 6:Analyze Graph | 2:Minimum

Press enter

To find the minimum you need to give the lower and upper
bounds of a region that includes the minimum.

The GDC shows a line and asks you to set the lower
bound.

Move the line using the touchpad and choose a position to
the left of the minimum.

Click the touchpad.

Functions W

!

¥

ﬁ(x x? -2 x+3

6
0.5 6

The GDC shows another line and asks you to set the upper
bound.

Use the touchpad to move the line so that the region
between the upper and lower bounds contains the
minimum.

Note: The minimum point in the region that you have
defined is being shown. In this screenshot it is not the local
minimum point. Make sure you move the line beyond the
point you are looking for.

Furctions w

v

2.5

When the region contains the minimum, the GDC will
display the word ‘minimum’ in a box and a point that lies
between the lower and upper bounds. The point displayed
is clearly between the upper and lower bounds.

Click the touchpad.

“Function: w

!

¥

dpiimunfodx 243

Ll |

Mo
The calculator displays the minimum point on the curve at (1) *Functions w il x|
(1, 2). 121y
L}
)= -2x+3
r (1,2)
%
-4 0.5 &
» -2.5

Using a graphic display calculator
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Example 9

Find the maximum point on the graph of y = —x*> + 3x— 4

First draw the graph of y = —x? + 3x — 4:

Open a new document and add a Graphs page.

The entry line is displayed at the bottom of the work area.
The default graph type is Function, so the form ‘fI(x)="1is
displayed.

The default axes are =10 < x < 10 and —6.67 < y < 6.67.

*Fun

ctions W '

6671

S
¥

0

Type —«? + 3x — 4 and press entir) ;
The GDC displays the curve with the default axes.

Functons w ﬂﬁ

6.67

A
v

- 10

-6,

Pan the axes to get a better view of the curve.
Grab the x-axis and change it to make the quadratic curve
fit the screen better.

" For help with panning
or changing axes, see
your GDC manual.

-_’7[.

Funetions wr u

2.4

i

-3.26

2

-3

TN

f1(1)=—.r2+3'x—=k

> -10.7 k
Method 1: Using a table |1_1|;> Funchions w il x|
You can look at the graph and a table of the 241 % X[fite=  w
values by using a split screen. S T -5 =D A3y =4
Press menu 2:View | 9:Show Table ’ ' o =y ~
(or simply press et | 1) 1 =
The maximum value shown in the table is —2 2 2| a
when x=1and x = 2. 3, -4,

4, -8, =
B 19.7 4 (€]

P> Continued on next page
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Look more closely at the values of the function between _
x=1landx=2.
Change the settings in the table. ol m I
Choose any cell and press menu 5:Table | 5:Edit Table Table Step: [ 1.0 |
Settings... Independent:
Set Table Start to 1.0 and Table Step to 0.1.
Dependent | Auto <7
Press enter :
Scroll down the table and you can see that the function S EERE Funcfisns w e 1]
has its largest value at (1.5,—1.75). We can conclude that 24 %y k= W
the point (1.5, —1.75) is a local maximum on the curve. gy =% e
1.3 179 A
1.4 -1.76
1.5 =17
N .
1.6 -1.76
i7 179 L
@1p7 -1.75 <[]
Method 2: Using the maximum function EERE Functions w el x|
2411y
s
=3 26 q 2 5.16
//—""‘\\
\\
/‘ lx)=xZ 43 -4
k
L -7
Press| menu 6:Analyze Graph | 3:Maximum qiafe Fenctons a8
——y i 2417y
Press | enter, L
To find the maximum you need to give the lower and B L frat
upper bounds of a region that includes the maximum. _
The GDC shows a line and asks you to set the lower f 3
flbd=x®+3x-4
bound.
Move the line using the touchpad and choose a position to
the left of the maximum. Jlowerboundd,
Click the touchpad.
The GDC shows another line and asks you to set the CEERE Functions w b1 %]
upper bound. s 24ty
Use the touchpad to move the line so that the region g ¥ . sy
between the upper and lower bounds contains the : ‘
. 16.-1.87)
maximum. :
Note: The maximum point in the region that you have ST [ M-t S
defined is being shown. In this screenshot it is not the local
maximum point. Make sure you move the line beyond the
point you are looking for. parboundty y

P> Continued on next page
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When the region contains the maximum, the GDC will xl 11 e Functions w a8
il 241

display the word ‘maximum’ in a box and a point that lies & 41y
petween the lower and upper bounds. The point displayed g Y . i
1S <.:1ear1y between the upper and lower bounds. ¢
Click the touchpad. j
Mh)=—x2+3%-4
pe!
ey,
The GDC displays the maximum point on the curve at ST Functions w Ll
(1.5, -1.75). 241y
~326 22 (15‘_1 75) 61‘;'_
/ b

f“l?:jf:l--xz +3 -4

3 \
» =10.7

Exponential functions

1.9 Drawing an exponential graph

Example 10

Draw the graph of y = 3* + 2

Open a new document and add a Graphs page. 17> FEunchons w ] x|

The entry line is displayed at the bottom of the work area. .67y

The default graph type is Function, so the form ‘f1(x) =" is

displayed.

The default axes are =10 < x < 10 and —6.67 < y < 6.67. X &
~10 il 10
|«- fi(x)-s"»rgl L I;l

Type y = 3* + 2 and press enEpj. [ RE Functions v E ]

(Note: Type 3 a1 X P to enter 3. The P returns you to = 7

the baseline from the exponent.) flxj=3*+2

. . —eee

The GDC displays the curve with the default axes. f

—10 1 I ::7
k

D -85.867

P> Continued on next page
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Pan the axes to get a better view of the curve. a8
For help with panning,
see your GDC manual.
it
%
-8.0% : 1195
» £75.93
Grab the x-axis and change it to make the exponential SEEIE *Functions W a8
curve fit the screen better. 10.08 Ty /

For help with changing |
axes, see your GDC
manual.

1.10 Finding a horizontal asymptote

Example 11
Find the horizontal asymptote to the graph of y = 3* + 2
First draw the graph of y = 3* + 2 (see Example 10). EER L Functions w ] x |
10Ty
I gy I
i
X
E 0.5 2
> k 3
You can look at the graph and a table of the values by NEEAE  Functions w el x|
using a split screen. ' 10y x[f1Gd= ¥
Press meﬂy 2:View | 9:Show Table 342
(or simply press | C_trJlj 1) % 0 A
The values of the function are clearly decreasing as 1. 5
x— 0. ] 2 11.
f1(x)=3"+2 ? 3 29,
-3 0.5 2|4 23, Y
® K 3 [€[>]

P> Continued on next page
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Press and hold & to scroll up the table. JEERLC "Funsiions w an
The table shows that as the values of x get ofy X [l0= ¥
smaller, f1(x) approaches 2. gt il
4] 2039, A
-3 2.03704
E—— 2| 211111
f(xc)=3%2 * ] 23333
-3 o.F 2] 0. 3. =
C -3 201234567907 € [ 9]
Eventually, the value of fI(x) reaches 2. On closer rile “Functions w b1 %]
inspection, you can see, at the bottom of the screen, that oy x (o= W
the actual value of fI(x) is 2.000001 8816... e
We can say that f(x) — 2 as x — —oo. “2 e x_(1
The line x = 2 is a horizontal asymptote to the ~H.) 260001
curve y = 3 + 2. ] i L
f(x]=3%2 ! o 2| 200005
&) o5 7 =] 200m5] Y
= -3 200000188167 [ 4 [ #]
Logarithmic functions
1.11 Evaluating logarithms
Example 12
Evaluate log,,3.95, In10.2 and log, 2.
Open a new document and add a Calculator page. ' m 5 Functions w ol x]
Press | ctl | Io_gJ to open the log template. - log (5 99) 0596597 B
Enter the base and the argument then press | enter, del i
) o ) - In{10.2} 2.32239
For natural logarithms it is possible to use the same og (2) FETIT
method, with the base equal to e, but it is far less time 5
consuming to press otd | In .
Note that the GDC will evaluate logarithms with any base A o
without having to use the change of base formula. w;!]
1.12 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.
Chapter 17
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Example 13

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

y=x
Open a new document and add a Graphs page. <[] Eiificione FoTx]
First we will draw the line y = x. So that it can be 667

recognised the axis of reflection, it has to be drawn and not
plotted as a function.

Press menu 7: Points & Lines | 1: Point Fiia
Then type () 1, enter) 1 enter then ( |4 .ente:ﬁ 4 & 4 10|
enter e_s_g
This will plot the points (1, 1) and (4, 4), which both lie on : .
the line y = x <« fild= k2]
Press | menu| 7: Points & Lines | 4: Line i Functons w as
Select both the points you have plotted and draw a line 6.67 %y
through them.
Press es_g to exit the drawing function. |
‘H‘J * B 1 ! * b= JJ‘;;:
H.
: 1l
Click in the entry line at the bottom of the work area. The _Im > Fimickors e Fol <]
default graph type is Function, so the form 5.67 by
“fl(x)=""1s displayed.
Type 10"x and press ..enE‘lz;..
' 1
10 ! i
< #ile)=10 )| A
The calculator displays the function with the default axes, _[7] . Functions w FoT =]
-10<x<10and -6.67 <y < 6.67. 5,67 %y
f1lx)=10% .
] 5
10 ) 10
k
» 6.67
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Press men__% 7: Points & Lines | 2: Point On \[ 11> *Functions w o] x|
Select the curve with the touchpad (you will see = Ll ‘_
that it is highlighted when it is selected). {0.445,2.78) ]
You can place a point anywhere on the curve. f(x)-10* 4 Y
57 I T T
I k
o 667
Press 'menEJ B: Transformation | 2: Reflection <| 1.1]» Fun:ﬁnns - @ﬂ
Use the touch pad to select the point that you just placed e
on the curve and then the line y = x. (i.aas, 5980 1
Press esc| when you have finished. You should see the 1) =10 N
reflected image of the point in the line y = x. = > = ————— ;
k
s 667}
Press  menu A: Construction | 6: Locus NERRE: Functions w Lo ]
Use the touch pad to select each of the points. The Ml Wiz
calculator will display the locus of the reflection as the bo.eas, 298 1
point moves along the curve. t1li10* o
M
-10
[ 567
Click in the entry line at the bottom of the work area. 71 Burichons-wr o] <
“f2(x)=""1s displayed. 674
Type log,, (x) and press enter . foag.amy ]
The reflected curve and the logarithmic function coincide, 1) =10% N
showing that y = log, x is inverse of the function y = 10-. s - 'f"‘_r—-_-;
2[5 )=l
® {x:l log lo(xﬁ 1 A
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1.13 Drawing a logarithmic graph

Example 14
Draw the graph of y = 2log, x + 3.
Open a new document and add a Graphs page. _im > Functions w M3
£ &7 Ty
The entry line is displayed at the bottom of the work area.
The default graph type is Function, so the form “f I(x)=""1s
displayed. !
The default axes are —10 < x < 10 and —6.67 < y < 6.67. 7 Y.
@ filx)=2log w&)+3| I P
Type 2log,,(x) + 3 and press. ent_e@. 1) Funations w e
: A
(Note: Type 2| ol log and enter 10 as the base of the £ELF
logarithm. Enter x in the argument section of the template,
use the p to move beyond the brackets to enter +3) ) f1bx)=2-1og lG(")+3
The calculator displays the curve with the default axes. 23 : 7,
k
o 6.67
Pan the axes to get a better view of the curve. Jﬁ] > Functions Foil <]
re.51 Ty
f1lx)-2 log (x}+3
1o
!
-3 02 .i' i"d o8
93 02 k
Grab the x-axis and change it to make the logarithmic m N T e Fool <]
curve fit the screen better. 52ty
fld=21og (x)+3
1o
k
152 92 ' 8 56
e 52
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Trigonometric functions

1.14 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. On the
TI-Nspire, there are three separate settings to make: general,
graphing and geometry. The defaults for general and graphing are
radians and for geometry the default is degrees. Geometry is only
used for drawing plane geometrical figures. Normally the two
important settings are general and graphing. General refers to the
angle used in calculations and graphing is for drawing trigonometric

graphs.

Example 15
Change angle settings from radians to degrees and from degrees to radians.
Open a new document and add a Calculator page. | Jm b Funclions w B
Move the cursor to the £Jfj symbol at the top right ! I A= AT

hand side of the screen. It will display the general angle
mode — either radians or degrees.
Click in the %fl symbol and choose 2:Settings | 1:General.

In the dialogue box, select either degrees or radians and General Sattings

then click on OK. Display Digits: s
Angle

Radian

Exponential Format
Degree

Real or Complex: | Gradian

Calculation Mode: | Auto

Vector Format: | Rectanaular o

|‘?—| ‘Restare IM‘aKE Defaulti |E| |Cancel§

To change the setting for graphing, click in the %l Graphs & Geametry Settings
symbol and choose 2:Settings | 2:Graphs & Geometry. Display Digits: @

In the dialogue box, select either degrees or radians for the

Graphi /|
Graphing Angle and then click on OK. e Lo

Radian

Geometry Angle:

Radian
Degree P
Gradian

M1 Chasw trnl Hine fae funstian Panirilatinn i

[J Automatica

[¥ Show axis e

|Hestore Make Dafault;'_ |§] |Cancelg
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1.15 Drawing trigonometric graphs
Example 16

Draw the graph of y = 2sin (x + 6] +1.
‘Open a new document and add a Graphs page. || i T
Press menu| 4:Window / Zoom | 8:Zoom - Trig 220ty
The entry line is displayed at the bottom of the work area.
The default graph type is Function, so the form “fI(x)="is

displayed. 0.5
H X
The default axes are —6.28 < x < 6.28 and -5 28 o 5 628
-4.19<y<4.19.
These are the basic axes for graphing trigonometric graphs
with x between -2 and 2. If the calculator is in degree @ filx)- I ]ﬁ
mode, the x-axis will be between —360 and 360.
Type y = 2Sin(x + zj +1 and press | enter . “ 1-' ; Func:mns - g0 x|
6 il €19 |¥
To enter sin, press 'y and choose sin from the dialogue /"\
box. ) / filx) =2 mn[x+—)7
cos | tan cSC | SeC cot \
: : 6. 28 0.5 \jf 28
sint ' cos” | tan" | csc! | sec” cot!

To enter 7, press 7>} and choose 7 from the dialogue box. =
2 f1 Ex}-z-sjn(ﬂ—)ﬂ T

i o] e £ & | ﬁ
eprr |9

Pan the axes to get a better view of the curve and grab m Friitiaas i Foal <]
them to change the view. 1y

It is also useful to change the x-axis scale to a multiple of 7, e ,“__ +l
such as % as this will often show the positions of intercepts /

and turning points more clearly. 5

Change the scale by pressing menu. 4:Window / Zoom | 0. § e
1:Window Settings "
XScale: [ pie] I | b

Type pi/6 in the dialogue box for XScale.
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More complicated functions

Follow the same GDC procedure

. . . when solving simultaneous equations
1.16 Solving a combined quadratic and graphically or solving a combined

exponential equation quadratic and exponential equation.

See Examples 4 and 17.
Example 17 -

Solve the equation x* — 2x + 3 =3.27 + 4 ' To solve the equation, find the point of intersection

of the quadratic function f1(x) = x®> — 2x + 3 with the
exponential function f2(x) = 3.2 + 4.

To draw the graphs f1(x) = x> — 2x + 3 and HEEE *Functions w il x|
S2Ax) =327+ 4: 6671
Open a new document and add a Graphs page.

The entry line is displayed at the bottom of the work area.

The default graph type is Function, so the form ‘f7(x)=" is - : : =
displayed.

The default axes are —10 < x < 10 and

COBT £y S 667, | stz =

Type x?> — 2x + 3 and press enter . *Funclions w Fii] x|
The GDC displays the first curve: 5-""i 4

fl(x)=x>—2x+3

E

| f1 [x]-xz -2%+3

F:
-

=le 1 2
[ -6.47 %
Use the touchpad to click on the arrows in the bottom left- | «(7.17]: *Funclions w a8
hand corner of the screen. £.67 Ty
This will open the entry line again. This time ‘/2(x)="1s
displayed.

2
Type 3.27 + 4 and press| ent | Al)exE-2xes

S;I:).

The GDC displays both curves: m b *Functionz w ‘u
fl(x)=x>—-2x+3 5671,
f2Azx)=327"+4 -
2(x)-327%+4
: f1(x)-x2-2 x+3
10 i ' 0

P> Continued on next page
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Pan the axes to get a better view of the curves. IEERE *Functions e a8
_ rror
For help with panning, F{x=x" -2 x+3
see your GDC manual.
3 ¥ fZ(x)-:u‘ 2 %+4
X
¢ 47 I 15.53
o
Press menu 6:Analyze Graph | 4:Intersection Point(s) J1.1] *Functions w @aa
: | rros’y
Press ente_r_J y
To find the intersection you need to give the lower and Fx=x® 243
upper bounds of a region that includes the intersection.
The GDC shows a line and asks you to set the lower
bound. g .
Move the line using the touchpad and choose a position to 1 f2lx}-3 2744
. . X
the left of the intersection. @1 15.53
Click the touchpad. :
The GDC shows another line and asks you to set the | K1 E *Functions w L[]
upper bound. x| 21071
Use the touchpad to move the line so that qle region M(x)-x?-2 x+3
between the upper and lower bounds contains the
intersection. - ] -
When the region contains the intersection, the calculator . & :.r“ )
wi.ll display the word ‘intersection’ in a box. iy & 2=z 2 ra
Click the touchpad. i x
!upnerbound E 5.7
The GDC displays the intersection of the two curves at | 112 *Functions w e x |
the point (2.58,4.5). 1ho
The solution is x = 2.58. & M{sc)mx? =2 x4 3
(288 2%)
: y  R2x-327
X
¢ 28 I3 1572
&

Modeling

1.17 Using sinusoidal regression

Note: 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)?
and translate it as (sin(x))>.
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Example 18

It is known that the following data can be modeled using a sine curve.
X 0 1 2 3 4 5 6 7
y | 69|94 79| 67|92 | 83| 65| 8.9
Use sine regression to find a function to model this data.
Open a new document and add a Lists & Spreadsheet page. Bihthons 4
Type ‘¥’ in the first cell and ‘y’ in the cell to its right. B, I B i
Type the numbers from the x-list in the first column and
those from the y-list in the second. 0 5.9
Use the v a 4P keys to navigate around the spreadsheet. ] 94
279
3 6.7
4 8.2 " =
NEE
Press 4 on and add a new graphs page to your document. < 12 Functions w 0] <}
567%
Press | menu 3:Graph Type | 4:Scatter Plot 4
Press | enter \
The entry line is displayed at the bottom of the work area. i
X
Scatter plot type is displayed. -10 i 1]
Enter the names of the lists, x and y, into the scatter plot
function Xe
Use the tab key to move from x to y. @ 5y~ A
Press | enter| del)
Adjust your window settings to show your data and the x- 4 1215 Eieligiia FT<]
and y-axes. 2%y
You now have a scatter plot of x against y. . be) . .
L} -
[N
4
-2 ! 8
Press cmj._ 4 to return to the Lists & Spreadsheet page. Sinusoidal Regression
Select an empty cell and press | menu, 4:Statistics | Stat x List [ x |2
Calculations | C:Sinusoidal Regression... ¥List |y |
Press | enter
» i _ L Save RegEqn to: [ 1 | » |
From the drop down menus choose ‘x’ for X List and ‘y’ for e
Y List. You should press tab | to move between the fields. weations: |6 |
Press | enter| ' Period: | (opions |
_ Cateaory List | =
Ak |§] ‘Cancell

P> Continued on next page
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On screen, you will see the result of the sinusoidal Functions w o]
regression in lists next to the lists for x and y. y E o ]
The equation is in the form y = asin(bx + ¢) + d and you ESAg
will see the values of a, b, c and d displayed separately. 6 9|Title Finusold..
The equation of the sinusoidal regression line is SRR &by
y = 1.51sin(2.00x — 0.80) + 7.99 754 1908
€7 2.0029
9.2 -0,799674| 5
D1 | ="Stnuscidal Regression" NEE
Press ctrlg; b to return to the Graphs page. Funcions w @R
Using the touchpad, click on # to open the entry line at
the bottom of the work area. " .
You will see that the equation of the regression line has . .

been pasted into f1(x).
Press ! enter|

& Mlx)=15080005202819 sin[2 002003 |

The regression line is now shown on the graph. 4 121> Fuhcions w i x]

ezt ! L
1.18 Using transformations to model ( You can also model a linear
a quadratlc function function by finding the equation of

the least squares regression line

Example 19 (see section 5.15).
This data is approximately connected by a quadratic function. { Transform a basic
x| 2| -1 0 1 2 3 4 quadratic curve to
y| 91 02|-48|-59|-3.1|4.0|15.0 find an equation to fit

Find a function that fits the data. S G BRI

Open a new document and add a Lists & Spreadsheet page. Qua;atic - - Lol =]

Enter the data in two lists: A
Type ‘%’ in the first cell and ‘y’ in the cell to its right.
Enter the x-values in the first column and the y-values in the 91
second. Remember to use () to enter a negative number. 02
Use the w a 4} keys to navigate around the spreadsheet. ";"2
=31 -

P> Continued on next page
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Add a Graphs page to your document.
Press menu 3:Graph Type | 4:Scatter Plot

Press enter

The entry line is displayed at the bottom of the work area.
Scatter plot type is displayed.

Enter the names of the lists, x and y, into the scatter plot
function.

Use the tab key to move from x to y.

Press enter

HQuadratic w

8677w

S

=10 1 Y

Press menu A:Zoom — Fit from the Window/Zoom menu
This is a qﬁick way to choose an appropriate scale to show
all the points.

You should recognize that the points are in the shape of a

quadratic function.

» -8 z

The next step is to enter a basic quadratic function,

y = «%, and manipulate it to fit the points.

Press menu 3:Graph Type | 1:Function

Press enter

This changes the graph type from scatter plot to function.
Type «° in as function f1(x).

It is clear that the curve does not fit any of the

points, but it is the right general shape to do so.

Use the touchpad to move the cursor so it approaches the
curve. You will see one of two icons.

The first will allow you to drag the quadratic function
around the screen by its vertex.

The second allows you to stretch the function either
vertically or horizontally.

} graph £+

or

\ graph f{

Ao

Use + to position the vertex where you think it ought to
be according to the data points.

drafrz|

*Quzndratic w

177y

. f1(x)=(x-0.66)" -6

P Continued on next page
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Use < to adjust the stretch of the curve. LEED EEAE *Quadratic w a8
Make some final fine adjustments using both the tools 17y
until you have a good fit to the data points. f(x)=2 (-0 756 11
The equation of the function that fits the
data is: x

f) = 2(x - 0.75 — 6.11
-2 5 45
N \\_,// (s

1.19 Using sliders to model an exponential function

Example 20

In general, an exponential function has the form y = ka* + c.

For this data, it is known that the value of a is 1.5, so y = k(1.5)* + c.
il -3 2| 1|0 112 3|4 5|6 7 8
y|31/3.2|33(35/3.8|4.1/4.7|55 6.8|8.7|11.5|15.8

Find the values of the constants £ and c.

Open a new document and add a Lists & Spreadsheet S EERE Exponential ] x|
page. A % Iy I ' F
Enter the data in two lists: '
Type ‘%’ in the first cell and ‘y’ in the cell to its right. -3 3
Enter the x-values in the first column and the y-values By 32
in the second. Remember to use (-) to enter a negative I - 33
number. o 5
Use the w .a 4p keys to navigate around the spreadsheet.

1 2.8
A7 |3 (€]

Add a Graphs page to your document. m b Exponential w @an
Press menu 3:Graph Type | 4:Scatter Plot 17.07 Ty "

Press| enter
The entry line is displayed at the bottom of the work area. g
Scatter plot type is displayed.

Enter the names of the lists, x and y, into the scatter plot
function.

Use the tab, key to move from x to y. _ ¥

Press| enter

P> Continued on next page
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Adjust the window settings to fit the data and to display aaz] Exponsntial w @8

the axes clearly. ity .
k =
. (F37
. ¥ . '
£ = H
Press menu I:Actions | A:Insert Slider qrijrz) Exponential w i)
Position the slider somewhere where it is not in the way k=5 WY i *
and change the name of the constant to 4. T OT?-_|6

Repeat and add a second slider for c.

' For help with sliders, ] i wom gw e’ bey)
see your GDC manual. | R &
» e p_f 5
N : 1 411112 "Exponential w ﬂu
Press menu, 3:Graph Type | 1:Function -
z 17Ty L]
Press _enter i B & —
This changes the graph type from scatter plot to function. | o i A e -
Type £.(1.5)* + ¢ in as function f1(x). A .

= s i

)=k (1 5+¢

5 X
= - s
TI'y adjusting the sliders. LIE R EE-3 |2 *Eyponential w Fai] x|
You can get the curve closer to the points i 177y i .
but they are not sufficiently adjustable to get _D.-“ ) 0.-'-,“ T
) 10, .

a good fit.

You can change the slider settings by selecting the slider,

pressing ot | menu| and selecting 1:Settings. Varlable: ,..
Change the default values for & to: Value: [ ]
Minimum 0 )
Maximum 2 e |
Maximum:
Step Size 0.1 Lok L J
Change the default values for ¢ to: P Size: | utomatic |
Minimum 0 Bhvi: ~
Maximum 4
OK || Cancel
Step Sze 0.
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You can now adjust the sliders to get a much better fit to ([I1]12].__ Exponentol w ] x|

the curve. xR
The screen shows the value of £is 0.5 Dﬁl‘ﬁl S 7=4'
and cis 3.
So the best fit for the equation of the function is X / ksl
approximately y = 0.5(1.5)* + 3.
] f(x)=k (1.5)%¢
e -2 ;

2 Differential calculus

Finding gradients, tangents and maximum
and minimum points

2.1 Finding the gradient at a point

Example 21
Find the gradient of the cubic function y = x* — 2x> — 6x + 5
Open a new document and add a Graphs page. HEXA *Diff Cale w Eei] %]
The entry line is displayed at the bottom of the work area. 8.67 1y
The default graph type is Function, so the form ‘f1(x)="1is
displayed.
The default axes are =10 < x < 10 !
and —6.67 < y < 6.67. K ¢ e
Type * — 2»° — 6x + 5 and press _enter .
(Note: Type x (aJ 3 P to enter x°. The p returns you : .

. - @ rrl)ed-2x%-6xes L m
to the baseline from the exponent.) £ Sl -
Pan the axes to get a better view of the curve and then grab | <[71 Diff Cale w %)
the x- and y-axes to fit the curve to the window. 1Yy
(For help with panning R

and changing axes, \

- S
see your GDC manual. -5 \/ 45

33 -1 1‘1(::)=x3—2-x:2—6-x+5

HERNE Dif Calc i) x|

1ty

Press me@ 6:Analyze Graph | 5:%
Press | enter|

Using the touchpad, move the {h."] towards the curve. As 915 \ R

it approaches the curve, it turns to {7 and displays the
numerical value of the gradient.

e 0.5 4

Press | enter| to attach a point on the curve.
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