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Introduction

This publication, QCE Mathematical Methods Teacher Reference Book for the TI-84 Evo, is
intended to support senior secondary school mathematics teachers in Queensland as they seek to
implement the QCAA 2025 Mathematical Methods syllabus.

Specifically, the publication highlights ways in which 77-84 Evo technology might be used to assist
in the teaching, learning and assessment of QCE Mathematical Methods Units 1 to 4.

It is not a complete manual for using this technology, rather it tries to look at each syllabus
dot-point and make suggestions for possible classroom uses.

It has been developed by experienced educators and reviewed by senior mathematics teachers from
Queensland schools. We hope you find this to be a useful and supportive publication.

A digital version of this publication can be found at Attps.//education.ti.com/aus/QLD.

Notes for teachers

The QCE Mathematical Methods Teacher Reference Book for the TI-84 Evo has been designed to
maximise its usefulness to teachers. The authors have provided the following notes:

e [tis assumed that the user of this reference guide has a basic familiarity with navigating the
T1-84 family of calculators. Readers requiring an introduction to the basics are referred to
tutorials at https://education.ti.com/aus and https://www.youtube.com/@TIAustralia

e Throughout this publication, unless otherwise specified, the default calculator document settings
have been used. The calculator user interface language has been set to English (via [mode]).

¢ In some instances in this publication, space has been added to the syntax of commands to
improve readability, even though in general spaces should not be used in calculator commands
without a clear reason.

e There will be some variation in the formatting of commands and text to be entered, but the
authors have attempted to use bold formatting when referring to commands to be entered or
accessed via the calculator.

e For screenshots of function and relation graphs, grid and label settings will vary.

In general, use [mode] and (2nd][format] to modify these settings.

e When catalogue commands are mentioned, pressing [2nd][catalog] will display catalog commands
in alphabetical order. Pressing the first letter of the desired command will locate it more
quickly.

e The 71-84 Evo includes a new “Undo Clear” command, which can be accessed by pressing
(2nd][~clear]. This is very useful if the user accidently clears a line of input.

e To make this publication as practical and concise as possible, the mathematical problems
considered have been restricted to those that can be completed by teachers and students via the
included step by step instructions.

e For more interactive digital resources aligned to QCE Mathematical Methods Units 1 to 4, go to
the following web page:

https://education.ti.com/en-au/seniornspiredcurriculum/aus-nz/qld-nspire
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Unit 1: Surds, algebra, functions and probability
3.1. Topic 1: Surds and quadratic functions

3.1.1. Surds
Investigating the A-series of paper sizes

Vv

Consider the paper size A0, with width x metres, and length y metres.

1 .
It has a total area of 1 square metre, so xy =1 or y =— (Equation 1).
X

=

Also, the A-series of paper sizes are designed so that the length-to-width
ratio is the same for all sizes (i.e. A0, A1, A2, A3, A4 and so on).

This means that: £ = < Y =2xcy= J2x (Equation 2).

x y/2

I=

o |

Question

(a) Use the above two equations to find the dimensions of a sheet of AO paper (to the nearest mm).
(b) Find the dimensions of a sheet of A4 paper, and its area.

Solution

(a) Equations 1 and 2 can be solved by equating their RHS, ENTER EQUATION E1s2 | 0
1 EQUATION SOLVER
(i.e. solve — = J2xfor Xx), using the numeric solver:
X 1
El: 3
e Press and select the NUMERIC SOLVER X
application.
PP . Zx
e For El, enter =3 For E2, enter +/2X. E2:
e Press NEXT [f5). NEXT
e Enter X =1 as an initial estimate, then press SOLVE [f5].  FHEEiiiLi i |
Press to display the CALCULATOR P
application. X
e Enter (to display the solved x value). = X=0.8408964152537
1 bnundf= {-1e99, 1993
e Enter X — Y (to display and store y). "Ei-E2=0
i
Answer: An A0 sheet has a width of 841 mm and a length of m“
0.8409
1189 mm (to nearest mm). TSV
(b) To find the dimensions and area of the sizes from A0 to ov.xv LadSas
A4, on the HOME screen: """ (0.8409,1.1892,1.0000)
{Ans(2)/2,Ans(1),Ans (2} /2-Ans (»
o Dl {X’Y’XY}' " "0.595,0.841,0.500)
e Enter {Ans(2)/2,Ans(1), Ans(2)/ 2x Ans(1)} . {Ans(2372,Rns i), Ans (2 L2 Ans s>
e Press to repeat this recursive calculation to find the ~ {An®(@>/2-Anstl),Ans(2)/2 Ansty
width, length and area of each paper size down to A4. {Ans(2)/2, Hns{. 51; ,lgnz (g; ;zéngg g ;

Answer: The recursive calculations show that an A4 sheet has
width =210 mm and length = 297 mm (to nearest mm), and
area of 1/16 m? (0.0625 m?).

Note: The recursive calculation works by simulating the size of successive pages in the A-series.
For example, the width of the Al sheet is half the length of the A0 sheet, and the length of the Al
sheet is the width of A0 sheet. This can be demonstrated by folding any A-series sheet in half.

©2026 Texas Instruments
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QCE Mathematical Methods Unit 1 Page 5
3.1.2. Quadratic functions
Investigating the effect of a, b, c upon the graph of y = ax?>+bx+c
Question
Investigate the effect of a, b and ¢ on the graph of the parabola with equation y = ax® + bx+c.
Solution

e Press and select the TRANSFORMATION ?‘%RESE,EL}’STSSEJ,?TR:SL.,,'E?f.,‘ﬂ" HP 0

GRAPHING application.

e Press [Y=) and then to clear any equations in Y.
Press to select the equation type.

e Press ] as required to select the AX? + BX + Cequation
type as shown and press [enter].

e Press > Zoom [-10,10] to view the graph screen
using the standard window.

The sliders for transformation parameters a, b and ¢ will be
visible at the bottom of the screen.

e Press [v]or [4]to move between sliders for a, b and c.
e Press [¢]or [»]to change the value of the selected
transformation parameter.

As an example, set the parameters for investigation as follows.

e Set A=1and B =1, then vary the value of C and observe
the effect upon the graph.

e Set B=1 and C =1, then vary the value of A and observe
the effect upon the graph.

e Set A=1and C =1, then vary the value of B and observe
the effect upon the graph.

It may aid the investigation to show multiple graphs when
observing the effect of each parameter. For example, to keep a
trailing set of the graphs produced as you vary the slider
values, from the graph screen:

e Press SETUP [f5] to view and edit the options.
o Set TRAIL to ON.
e Press to return to the graph screen.

With TRAIL set to ON, varying a transformation parameter
will leave a trail of graphs for any previously defined value.

For example, the screen shown right displays a trailing set of
graphs for the cases where a = 1, ¢ = 1 and the value of b has
been varied from b = 1 to b = 6 with integer increments.

There are other options for animating the effect of changing
the value of a transformation parameter. These options will be
explored in later examples.

Note: To quit from the TRANSFORMATION GRAPHING
application, press Y5 > OPTIONS [f5] > Quit App.

PLOTI PLOT2 PLOT3 OPTIONS

i Y11=
TRANSFORMATION

[TIRAEN < A-X2+B-XeC )]

ER 0K CLERR

INORMAL FLOAT AUTO REAL RADIAN MP
TRANSFORMATION GRAPHING APP
Y1=A-X"2+B"X+C

(NORMAL FLOAT AUTO REAL RADIAN MP D
STEP # 0
SETUP
e orr T

ee: I »
Ag
B=
C=
STEP=

[l =

[NORMAL FLOAT AUTO REAL RADIAN MP

TRANSFORMATION GRAPHING APP

©2026 Texas Instruments
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Page 6

Using the discriminant to find the number of solutions to a quadratic equation

Question

Investigate how the value of the discriminant conveys information about the number of solutions to

the equation ax® +bx+c=0.
Solution

e Press and select the TRANSFORMATION
GRAPHING application.

e Press [Y=) and then to clear any equations in Y.

e Press to select the AX* +BX + Cequation type.

e SetA=1,B=0,andC=1.

To calculate the value of the discriminant A = b* —4ac, for a
quadratic equation with the above values:

e Press [2nd][quit] to display the CALCULATOR screen.
e Use the keys as required to enter the expression
B> —4AC.

Fora=1,b=0,andc=1, A=—4.
Repeat the above to show that:
Fora=1,b=0,andc=0, A=0.
Fora=1,b=0,andc=-1, A=4.
To investigate further:

e Note whether the discriminant value returned is positive,
negative or zero.

e Look at the graph screen page and observe the number of
times the parabola intersects the x-axis.

e Use sliders to adjust @, b, ¢ such that the parabola
intersects the x-axis i) no times ii) one time (just touching)
and iii) twice. After setting up each of these 3 cases, return
to the CALCULATOR screen and press to
recalculate the discriminant. Take note of how the sign of
the discriminant relates to the number of x-intercepts on
the graph and therefore the number of solutions that exist
for the equation y = 0.

Note: Instead of switching between the GRAPH and
CALCULATOR screens, you may prefer to just change the
values of A, B and C on the CALCULATOR screen. An
example of possible syntax for doing this and recalculating
the value of the discriminant are shown right. It is also
possible to view the GRAPH and CALCULATOR screens
concurrently by pressing and selecting HORIZONTAL
(see example screen split ‘horizontally’ at right). While in this
split screen mode, press to jump to the GRAPH screen,
and press to jump to the CALCULATOR screen.

TRANSFORMATION GRAP

INORMAL FLOAT AUTO RER

Y1=A-X"2+B*X+C

Ice1

SETUP

NORMAL FLOAT AUTO REAL RADIAN MP D

B2-4AC
B2-4AC

B2-4AC

-4

[0}

4

NORMAL FLOAT AUTO RE

TRANSFORMATION GRAP|
Y1=A-X"2+B*X+C

AL RADIAN MP

=

ING APP

SETUP

[NORMAL FLOAT AUTO REAL RADIAN MP D

-13A: 0+B: 7+C:B2-4AC

28

INORMAL FLOAT AUTO REAL RADIAN MP D
TRANSFORMATION GRAPHING APP
Y1=A-X"2+B"X+C

SETUP

©2026 Texas Instruments

Wi TEXAS INSTRUMENTS



QCE Mathematical Methods Unit 1 Page 7

Investigating the effect of a, b, and c upon the graph of y = a(x—b)?+c

Question

Investigate the effect of a, b and ¢ on the graph of the parabola with equation y = a(x—b)2 +c.

Solution
e Press and sel;ct t.he TRANSFORMATION NORHAL FLORT AUTO REAL RADIAN P 0
GRAPHING application. PLOTL PLOTZ2 PLOT3 OPTIONS
e Press [¥=] and then to clear any equations in Y. ATRIE
Press to select the equation type. TRANSFORMATION
e Press [] as required to select the A(X—B)2 +C equation T: Y Ax-pzec O
]
type as shown and press [enter]. TEN 0K  CLEAR |~
e Press to view the graph screen. l: :5=
I\ Vo=

The sliders for transformation parameters 4, B and C will be

visible at the bottom of the screen. TRANSFORHRTION GRAPH

e Press [v]or [«]to move between sliders for 4, B and C. H=R(x-B)72eC

e Press [{Jor ]to change the value of the selected
transformation parameter.

As an example, set A =1, B=S5 and C = 3 as shown.

Note: To display the grid, press (2nd|[format] and set GRID
option to LINE.

To confirm the coordinates of the turning point (B,C) in this
case are (5,3):

e Press and then type [alphal[B](enter].

Set A=1, B=5 and C = 3. Adjust the value of C and observe
the effect upon the graph, turning point and axis of symmetry.
Use the grid to read the coordinates of the turning point.
How does this relate to the values of 4 and £?

It may aid the investigation to animate the effect of each i o

parameter. For example, to animate a set of the graphs for e e T0 RERL 10, | 1t ]
a=1,b=-5t05and ¢c=3: STEP # 8 T
e Press to view and edit the SETUP options. oo O o
e Set the TYPE to the middle option (“play”). vee: oo DEE »
e SetA=1,B=-5and C=3. " 1_5
e Hover over the “=" to the right of the parameter b and c= 3
press [enter]. (this sets b as the parameter to be varied). . SCR;I;:: 11
e Set STEP =1 and set #SCREENS = 11.
e Press to return to the graph screen. GRAPH
. . . . . . INORMAL FLOAT AUTO REAL RADIAN MP
The animation begins automatically, starting with the above [enter] TO PAUSE

Y1=A(X-B)"2+C

values of a, b and ¢, then re-graphing for each of the 11 values
of b fromb=-5tob=>5.

Note: Press to pause/continue the animation. To stop
the animation, press and then SETUP. Change TYPE to
the leftmost option () and then press to return to the
graph screen. To quit from the TRANSFORMATION

GRAPHING application, press [Y=] > OPTIONS > Quit App. Ba's e

Wi TEXAS INSTRUMENTS
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Using a graphical method to solve quadratic equations.

Question

Find solutions to the quadratic equation 0 = x* + x —6using a graphical method.

Solution

To find the solutions to the equation () = x* + x — 6 graphically:

e Press [y3) and enter the equation Y1=X*+X—-6.

e Press and then [{] as required to locate the trace
cursor near the left x-intercept. The calculator will detect
and display the cursor at the ‘zero’ at x = —3.

e Use the same process to locate the coordinates of the
second x-intercept.

Note: This ‘auto-detect’ trace feature is a default option.

Press (2nd][format] to check that the DETECT option is set to

POI (Points of Interest). This will detect the location and

display more precise coordinates for axes intercepts and

turning points, and points of intersection.

Answer: The solutions to the quadratic equation
0=x"+x—6arex=-3 and x = 2.

Note: The ‘zero’ can also be found via [2nd|[calc], which asks the

user to indicate the approximate bounds of the x-value.

NORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE
Y1=X"2+X-6

[NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE

DETECT [TTl ASYMPTOTES || OFF

cuunnmmss.ﬁ_ POLAR
cuunnmmss“ OFF
GRID [ETGE oot LINE
GRID [« MEDGRAY >
AXES [« BLACK B

cheeLs (TN ON
exPressION [T OFF

BACKGROUND (4 OFF ,

Using the polynomial roots method to solve quadratic equations.

Question

Find solutions to the quadratic equation 0 = x* + x — 6 using a numeric solving method.

Solution

The roots of the polynomial x*+x—6 can be found by

finding the solutions to the equation 0 = x> + x —6 as follows:

e Press and select the POLYNOMIAL ROOT
FINDER application.

e Inthe SETUP screen, set ORDER =2 (as we are solving
a polynomial of order 2) and then press NEXT [f5].

You will be prompted for the coefficients and independent
term of the polynomial expression.

e Enter the values 1, 1 and —6.

e Press SOLVE [f5] to reveal the solutions.

Answer: x =3 and x = 2.

Note: (1) This method is usually better for solving polynomial
roots than using the Numerical Solver tool as the numeric
solver will only reveal one of the roots at a time depending on
the starting value that is currently stored for x.

(2) When entering negative coefficients/constants, use [(J]
alternatively use the subtraction operator symbol [—] rather
than the addition operator symbol [+].

[NORMAL FLOAT AUTO REAL RADIAN MP n
POLYNOMIAL ROOT FINDER APP

POLYNOMIAL - ORDER 2

oo IR

1 x2+

-6

QUIT  SETUP  RESET LOAD SOLVE

INORMAL FLOAT AUTO REAL RADIAN MP D
POLYNOHMIAL ROOT FINDER APP
1x2+ 1 x+ -6 =0
xi1g -3
x2= 2
QUIT SETUP COEFF STORE “»

©2026 Texas Instruments
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QCE Mathematical Methods Unit 1 Page 9

3.2. Topic 2: Binomial expansion and cubic functions

3.2.1. Binomial expansion
Using the combinations formula and combinations command

If a working team of four students is to be selected from a class of 20 students, how many different
teams could be selected?

Question
n!

ri(n—r)!
(b) Calculate the number of teams by using the combinations command on calculator.

(a) Calculate the number of teams by using the combinations formula: "C, =

Solution
(a) Use the combinations formula as follows:
e Press the fraction template key. TToeT
e Enter 20! as the numerator and 4!(20-4)! as the . 4845
; 20C4

denominator. 4845
Note: The factorial command is found via > PROB > ! 204N: 44R: %
or via [alpha][2]. 4845
(b) Use the combinations command:
e Press > PROB > nCr. Note: It is also possible to enter
e Complete the command 20%4. the combinations formula more

generally, and store values of n

Answer: 4845 different teams could be selected. and r (as shown).

Combinations formula in Pascal’s triangle
Question

Use the combinations command to list the values of row 5 in Pascal’s Triangle and hence list the
coefficients in the expansion of (x + y)°. Show this by two different methods.

Solution

To find the set of coefficients in row 5 of Pascal’s triangle:

e Pres > PROB > nCr (or via [alpha][f2]). 5C((0,1.,2.3,4.51)
e Enter nCr(5,{0,1,2,3,4,5}) as shown. {1,5,10,10,5,13

Note: The nCr command is accessed via > PROB > nCr.
To access “{}”, press [2nd][{] and [2nd][}].

The resulting 6 values are from of Row 5 in Pascal’s triangle.

e

¥ +5x Yy +10x°y* +10x°y° + 50" + 5. 13N:NC (seq(R,R,B,N))
{1,1}
Note: Another way to generate a line of Pascal’s triangle is 10 29N:\C (geq(R,R,0,N))
incorporate the sequence command (with syntax {1,2,13
seq(expression,variable,begin,end). The commands shown 3N:NC (seq(R,R,0,N))
. . . . {1,3,3,12
right generates the list of coefficients for specific values of n. 45N T
. *N (SEQ(R.R;B,N))
For each new line, press [~ and then to copy and paste (1.4.6.4,13
the previous command, then edit it as required. N:NC (seq(R,R,0,N))
{1,5,10,10,5,13

Answer: The 6 coefficients in row 5 are 1, 5, 10, 10, 5, and 1.

Wi TEXAS INSTRUMENTS
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3.2.2. Cubic functions
Exploring graphs of cubic functions

(a) Investigate the features of the graph of y = x* including shape, intercepts, and behaviour

as x > oo and x > —o0.

(b) Investigate the features of the graph of y = a(x —b)’ +c including shape and the effect of

altering the parameters a, b, and c.

(a) To investigate the features of the graph of y = x°:

e Press [¥=] and enter the equation Y1 = X3.

e Take note of the x-intercept, y-intercept, the point of
rotational symmetry and the direction in which the graph
is headed in the 1 and 3™ quadrants.

Note: To display the grid, press (2nd][format] and set GRID
option to LINE.

(b) To investigate features of the graph of y = a(x —b)’ +c:

e Press and select the TRANSFORMATION
GRAPHING application.

e Press [Y=) and then to clear any equations in Y.

e Press to select the equation type.

e Press ] as required to select the A(X—B)3 +C equation

type as shown and press [enter].
e Press to view the graph screen.

The sliders for transformation parameters a, b and ¢ will be

visible at the bottom of the screen.

e Press [v]or [4]to move between sliders for a, b and c.

e Press [{Jor ]to change the value of the selected
transformation parameter.

It may aid the investigation to animate the effect of each

parameter. For example, to animate between a set of the

graphs fora=1,b=-5t0 5 and ¢ = 3:

e Press [graph][f5] to view and edit the SETUP options.

e Set the TYPE to the middle option (“play”).

e SetA=1,B=-5and C=3.

e Hover over the “=" to the right of the parameter » and
press [enter]. (this sets b as the parameter to be varied).

e Set STEP =1 and set #SCREENS = 11.

e Press to return to the graph screen.

The animation begins automatically, starting with the above
values of a, b, and c, then re-graphing for each of the 11
values of b from b =-5to b =5.

NORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE

Y-intercept
X=0 ¥=0

NORMAL FLOAT AUTO REAL RADIAN MP D
[«1 OR [»] TO SELECT AN OPTION

PLOT1 PLOT2 PLOT3
i Y11=

TRANSFORMATION
[T AX-B)3+C )

OPTIONS

......... 0K CLERR

NORMAL FLOAT AUTO REAL RADIAN MP
TRANSFORMATION GRAPHING APP
Y1=A(X-B)"3+C

NORMAL FLOAT AUTO REAL RADIAN MP D
# SCREENS BETHEEN 2 AND 13
SETUP
I OFF | ON
TYPE: w D »
AE 1
B= -5
c= 3
STEP= 1

# SCREENS= 11

GRAPH

Note: Press to pause/continue the animation. To stop the animation, press and then
SETUP. Change TYPE to the leftmost option (1) and then press [graph). To quit from the
TRANSFORMATION GRAPHING application, press [¥=| > OPTIONS > Quit App.

©2026 Texas Instruments
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Solving cubic equations with the polynomial roots command

Question

Use a numerical solving method to solve the equation x* —6x> +11x—6=0.

Solution

The roots of the polynomial x* —6x>+11x—6 can be found

by finding the solutions to the above equation as follows:

e Press and select the POLYNOMIAL ROOT
FINDER application.

e In SETUP screen, set ORDER = 3 and press NEXT [f5].

You will be prompted for the coefficients and independent

term of the polynomial expression.

Note: When entering negative coefficients/constants, use [(]
alternatively use the subtraction operator symbol [—] rather
than the addition operator symbol [+].

e Enter the values 1, —6, 11 and —6.

e Press SOLVE [f5] to reveal the solutions.

Answer: x=1,x=2 and x = 3.

Note: This method is better than using the Numerical Solver
tool as that tool will only reveal one of the roots at a time
depending on the starting value that is currently stored for x.

Solving cubic equations graphically

Question

INORMAL FLOAT AUTO REAL RADIAN MP D
POLYNOMIAL ROOT FINDER APP

POLYNOMIAL - ORDER 3
1x3+ -6 x2+ 11 X+E=ﬂ
-6
QUIT SETUP RESET LOAD SOLVE
T
POLYNOMIAL ROOT FINDER APP
1x3+ -6 x2+ 11 x+ -6 =0
xi1g 1
x2= 2
x3=3
QUIT SETUP COEFF STORE <

Use a graphical method to find real solutions to the cubic equation x(x—2)(x+2)=x.

Solution

To find real solutions for the above equation, graph the LHS
and RHS, and find the x-coordinate of any points of
intersection, as follows:

e Press |¥=] and enter the equation Y1 = X(X—Z)(X+ 2)

and Y2=X.
e Press and then press ] as required to locate the trace
cursor over the rightmost intersection point.
The calculator will detect and display ‘Y1NY2’ at the point
where x ~ 2.24 . Alternatively, use [2nd][calc] > intersect)
e Repeat the above process to locate the coordinates of the
second and third intersection points.
Note: This ‘auto-detect’ trace feature is a default option.
Press (2nd][format] to check that the DETECT option is set to
POI (Points of Interest).

Answer: The real solutions to the cubic equation
x(x—2)(x+2) =xarex=0and x~+2.24.

Note: The Trace feature, stores the current trace coordinates
as X and Y, which can be used for calculations (see right).

[P e
[o] TO EXPAND

PLOT1 PLOT2 PLOT3

AN Y1BX(X-2) (X+2)

INORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE
Y1=X(X-2)(X+2)

........
--------

........
--------

Yinyz

_~%=2.236068 ¥=2.236868

X, Y2
{2.236067977,2.236067977%

©2026 Texas Instruments
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Using cubic equations to model and solve problems
Question

Determine the maximum possible volume of an open box made from a rectangular piece of
cardboard 21 cm x 30 cm.

Solution

Consider that squares of dimension x by x need to be removed e
from each corner of the rectangular piece of cardboard to ' '
make the net for the box. This means that the box will have 3 :
dimensions: height = x; width=21-2x; length=30-2x.

3D Box Problem

Box Cardboard
Since all dimensions must be positive: W=10.1cm| Length 30
L=10.1cm| Width 21
height : x > 0. H=5.5 cm
Vol=1050.7

width:21-2x>0< -2x>-21< x<10.5.
length:30-2x>0& —2x>-30&< x<15.

We can define a rule for the volume of the box with a ‘

restricted domain 0 < x <10.5. NUM CMPLX PROB FRAC
volume = height x width x length ; :j( ijg T
=x(21-2x)(30-2x), 0<x<10.5. e
e Press ¥3 and then > MATH > piecewise(. S:E;:i:( d/ }’S"ﬂa
e Set pieces = 1 and press [enter]. e tionm 30 =
A:log(x,b) logg0O

This will paste the piecewise template for one piece in Y1 N
(as shown right).

[NORMAL FLOAT AUTO REAL RADIAN MP

1 = _ _ L] TO EXPAND
e For the equatllon, enter Y1=X(21-2X)(30-2X). P ——
e For the domain, enter 0 < X < 10.5. AN V1B
Note: Press to access the inequality symbols. L
e Press and enter the values. PLOTL PLOT2 PLOT3
Xmin= 0 Xmax = 10.5 Xscl = 1 EN Y1B{X(21-2X) (30-2X);0<X<10»

[NORMAL FLOAT AUTO REAL RADIAN MP

=

(ignore Ymin, Ymax and Yscl values)
e Press > Zoom Fit.

Note: The Zoom Fit command will adjust the values of Ymin
and Ymax so that the graph is visible for the x-values from
Xmin to Xmax.

To locate the local maximum near x = 4:

e Press > (4] > [enter], and then press [»] as required to

locate the cursor at the local maximum.

INORMAL FLOAT AUTO REAL RADIAN MP D

o o 0 . POINTS OF INTEREST TRACE
The x-coordinate of this represents the dimension x of the V1= IX(21-2X)(30-2X) ;L0 <X <10 5]

square to be cut from each corner and the y-coordinate
represents the volume at that x value.

Answer: The maximum volume (approximately 1144 cm?) is
obtained by cutting a square from each corner of the
cardboard sheet with a side length of approximately 4.1 cm.

Waximum | 1 7
X=4.0559048 ¥=1144.1674

Wi TEXAS INSTRUMENTS
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3.3. Topic 3: Functions and relations

3.3.1. Introduction to functions and relations
Playing Guess the Rule
Question

Play “Guess the rule” game with a partner.

Solution
Define a rule for your partner to figure out. As an example: HORMALYF LONTARUIOIRERISRADIARINE 0
e Press |¥=] and enter the equation Y1 =2X+3. PLOTI PLOT2 PLOT3
This defines a rule that will double any input value and add 3. =B\ Y1E2X+3
e Press [on@] and [enter] to display the home screen.
e Press to clear the home screen. ‘
e Press >Y-VARS > Function > Y1 (or use . Y1(5)
e Complete the command Y1(5). .
This will clear the screen and produce the result Y1(5) = 13. T
e Now pass the calculator to your partner and ask them to — 3
figure out the hidden rule by testing various input values ' g
(independent variable) and observing the resulting output ¥ ¢10) -
value (dependent variable). R T ve the chall.
e Your partner can test the rule for various input values by oht,e‘ Z Im are L be charenge
entering such things as Y1(3) etc. achievable, it 1s bes t.flof rst
e When your partner has tested enough input variables (two agree Upon some guidetnes.
tests should be sufficient if you tell them that the rule is For example, agree that the
linear), they state what they believe the rule to be and then function will be linear with a
test their assertion by predicting the output for their next  restricted set of integer
input value. coefficient and constant terms.
As an alternative for producing function values, consider ‘
1;?11n§ ;I;g ESABLE feature. To do this, assuming that TRBLE SETUP
e Press [2nd][tbiset]. s ?
e Set INDEPENDENT to ASK. INDEPENDENT: | AuTo  [IECETINN
e Press (2ndtable]. DEPENDENT: AUTO ASK
e Enter the guesses for X (see example right).
Using the TABLE feature like this simplifies the substitution
of x-values into the function rule. NORMAL FLOAT AUTO REAL RADIAN HP 0
[+] TO EDIT FUNCTION
X Y1
2] 3
3 9
18 23
8 19
5 13 |
v1=13

Wi TEXAS INSTRUMENTS
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Exploring domain and range

Question

Graph y = 1 for the restricted domain —2 < x <2 and state its range.
X

Solution

e Press [Y7) and then > MATH > piecewise(
e Set pieces = 1 and press [enter].

POINTS OF INTEREST TRACE
This will paste the piecewise template for one piece in Y1. b o e
e For the equation, enter Y1=1/X.
e For the domain, enter -2<X<2.
Note: Press < TEST to access the inequality

symbols, or < CONDITIONS to enter the domain
restrictions using a template.

AN Y1B{1/X; -23X<2

NORMAL FLOAT AUTO REAL RADIAN MP

e Use the Trace tool to explore endpoints of the graph
within the specified domain.

Answer: The graph shows that the domain is
x €[-2,0)(0,2)and the range is y € (—o0,—0.5](0.5,).

The TABLE feature can be used to explore limiting behaviour

near x = 0. For example, to use a table of values for the above
equation, assuming Y1=1/X:

NORMAL FLOAT AUTO REAL RADIAN MP D

TRABLE SETUP

e Press [2nd|[tbiset]. Thls;ﬁ: ?

o Set INDEPENDENT to AUTO. NDEPENDENT: [IETTER ASK
e Set ThiStart = 0. DEFENDENT: L
e Set ATbhl=1.

e Press [2nd][table] to view table values for these settings.

e In the column for X, scroll up to X =-5 (see example

right).

NORMAL FLOAT AU NORMAL FLOAT AU
[+] FOR ATbl [+] FOR ATbl

The increment for x values (i.e. ATbl ) can be changed as :5x aYz—l ﬁ%
follows (e.g. to set ATbl=0.001): 3 0,333 0,003 | -333.3
| 1aH
e Press [2nd|[table] to view table values. 8 ERROR 0 ERROR
(1 1008
e Press [+] to be prompted for a new value for ATbl . 2 0.5 0.802 | 500
3 0.3333 0.803 | 333.33
e Enter ATbl=0.001. : 228 paod | a8
The result is shown right. X=1 X=0.001
Alternatively, press (2nd][tbiset] to edit the values of TblStart
and ATbl, and set the INDEPENDENT variable x to permit
the user to enter the x values manually. In the final screen X Y1
shown right, aobs | 11t
0.888 | 125
e Press [2nd|[tbiset]. gagagsl fﬁ;ga
e Sect INDEPENDENT to ASK. -9.805 | -208
e Press [2nd][table].
e Enter values for X to view the associated function value

(see example right).

©2026 Texas Instruments
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Defining a piecewise function
Question

Produce graphs for each of the following piecewise functions:

l , x<-1
X 3 2
2x" =3x"—2x+4, —-1<x<2
@ y=]x"-2, —-1<x<2 (b) y= ;
x =5, x<—-lorx>2
X, x>2
Solution
(a) To construct this piecewise function which has three [NORMAL FLORT AUTO RERL RADIAN WP p]
[o] TO EXPAND

components:
e Press [Y7) and then > MATH > piecewise(
e Set pieces = 3 and press [enter].

This will paste the piecewise template three pieces in Y1
(as shown right).

e Enter the three components of the piecewise function with
their domain restrictions into the appropriate spaces on the
template (use to access the inequality symbols).

e Press to display the graph of the piecewise function.

e Press to observe graph of the piecewise function.

Notes: (1) In this example the three sections form a
continuous function. However, this does not necessarily need
to be the case for a piecewise function. A discontinuous
function is shown in the next example.

(2) The piecewise function can be added in the
CALCULATOR application. This improves the readability of
the equations and domain restrictions as you are entering
them. Remember that the RHS of the function rule must be
enclosed by double quotes as shown right.

(b) To construct this piecewise function which has two
components, follow the same process as for part (a) but
specify 2 components for the piecewise function (see
selected option from the template right).

Notes:

(1) Press > TEST to access the inequality symbols.
The ‘or’ operator can be found by pressing >
LOGIC > or. To enter a domain restriction using a template,
press < CONDITIONS.

(2) An alternative to entering the piecewise function via the
template would be to enter the separate components as
separate functions (specifying their respective domain
restrictions) and to graph them on the same set of axes.

PLOT1 PLOT2 PLOT3

AN WE{

[NORMAL FLOAT AUTO REAL RADIAN MP D

[o] TO EXPAND

PLOT1 PLOT2 PLOT3

AT1/%; %<1
BN Y18{x2_2;-1<x<2
X;  X>2

INORMAL FLOAT AUTO REAL RADIAN MP D

POINTS OF INTEREST TRACE
Y1={[1/XL[X<"1LIX"2-2L:[-12X22LIXLIX>...

X=2 Ty=2

1/%5 X<-1
"ix2-2; -1<xg2 "Y1
X; X2
Done
[NORMAL FLOAT AUTO REAL RADIAN MP D
[o] TO EXPAND
PLOT1 PLOT2 PLOT3
3 v owan. .
. wa{zx 3§ 2x+4;  -1sX<2 |
Xe=-5; <=1 or X>
INORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE

Y1={[2X"3-3X"2-2X+4Li[-12X<2],[X"2-5];...

©2026 Texas Instruments
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3.3.2. Graphs of relations
Graphing circles
Question

Use the relations template to plot the graphs of (x—3)” +(y—4)> =25.

Solution

e Press [Y=] and use to remove any previously defined ISR I 0
function rules. Y= PLOT1 PLOT2 PLOT3 OPTIONS

e Press and select the LINES AND CONICS 7 BN FE (X-3) 2+ (y—4)2=52
application.

This application permits the plotting of up to six relations, “

d : [«] OR [»] TO ANALYZE CIRCLE

enoted equations E1 to E6. Ex: (X-3)2+(¥-4)2=52

In the E1 line, press to Add Equation ...
e Press 2] to locate the circle template, and press [enter]. I
e Use the template to enter (X—3)>+(Y —4)’ =5". R ARE R = s
e Press > Zoom [-10,10] to view the circle in the 1
standard viewing window. 1
e Press > Zoom Square to view the circle in a g Tyea
modified viewing window with equal scales on the axes..
e Press [2nd][calc] > Conic Analysis to view the radius and
centre of the circle.

Graphing parabolas
Question
. . (y+1) .
Use the relations template to produce graphs of the relation x = 3 taking note of the shape
and axis of symmetry.
Solution
e Press and then select the LINES AND CONICS ‘
application. This application permits the plotting of up to Y= PLOTL PLOT2 PLOT3  OPTIONS
six relations, denoted equations E1 to E6. 7 I\ FEX=(1/3) - (Y- (1)) 240
e In the E1 line, press to Add Equation ... ORFFLFLGAT IO e 7 0
e Press [»] as required to locate the parabola template with iy S

equation for X = A(Y —K)? +H, and press [enter].

e Use the template to enter A=1/3, K=-1, H=0.
Press > Zoom [-10,10] to view the parabola in the
standard viewing window.

e Press [2nd][calc] > Conic Analysis and then use the left and
right cursor keys to view features of this parabola, such as FOCUS
the directrix, focus and to display the axis of symmetry. X=0.75

Answer: Note that parameter A4 affects the aperture of the
parabola and that the turning point of the parabola is located at
(H,K). The line Y = K defines the parabola’s axis of
symmetry. The equation of the axis of symmetry for this
example is Y =—1.

Wi TEXAS INSTRUMENTS
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3.3.3. Reciprocal functions

Graphing reciprocal functions with the TRANSFORM application

Question

A o
Construct a command to graph hyperbolas of the form y =——+ C, permitting the user to enter

and store values for the parameters 4, B, and C.

Solution

To enter hyperbolas of the above form, using the sample

values4A=1,B=3,and C=5:

e Press and select the TRANSFORMATION
GRAPHING application.

e Press [Y=) and then to clear any equations in Y.

A +C.

e Enter the equation Y1 =

e Enter the equation Y2 = % (as a reference graph).

Note: As in previous questions, the TRANSFORMATION
GRAPHING application will automatically interpret the
capital letters A, B and C (and D if present) as parameters
that can be modified, or treated as a ‘slider’.

The sliders for transformation parameters 4, B and C will be

visible at the bottom of the screen.

e Press [v]or [«]to move between sliders for 4, B and C.

e Press [{Jor ]to change the value of the selected
transformation parameter.

e Modify the parameter values so that 4 =1, B=3, C=5.

Note the shape and symmetry of the hyperbola and the
asymptotic behaviour towards the lines x =3 and y = 5.

It may aid the investigation to animate the effect of each

parameter. For example, to animate between a set of the

graphs for4=1,B=3and C=-5t0 5:

e Press SETUP [f5] to view and edit the SETUP options.

o Set the TYPE to the middle option (“play”).

e SetA=1,B=3and C=-5.

e Hover over the “=" to the right of the parameter C and

press [enter]. (this sets b as the parameter to be varied).

Set STEP =1 and set #SCREENS = 11.

e Press GRAPH [f5] to return to the graph screen and view
the animation.

The animation begins automatically, starting with the above
values of 4, B, and C, then re-graphing for each of the 11
values of C from C=-5to C=5.

NORMAL FLOAT AUTO REAL RADIAN MP D

[o] TO EXPAND
PLOT1 PLOT2

i Y2B1/7X

NORMAL FLOAT AUTO REAL RADIAN MP
TRANSFORHATION GRAPHING APP
TYa=1/X

Y1=(R)/(X-B)+C

PLOT3

OPTIONS

=

NORMAL FLOAT AUTO REAL RADIAN MP
# SCREENS BETHEEN 2 AND 13

SETUP

=

SETUP
e G on

TYPE: i
A= 1
B= 3
e -5
STEP= 1
# SCREENS= 11|

NORMAL FLOAT AUTO REAL RADIAN MP
[enter] TO PAUSE
Y1=(R)#(X-B)+C

.

GRAPH

=

JY2=1/X

Note: Press to pause/continue the animation. To stop the animation, press and then
SETUP [t5]. Change TYPE fto the lefimost option () and then press (graph). To quit from the
TRANSFORMATION GRAPHING application, press ¥=| > OPTIONS > Quit App.

©2026 Texas Instruments
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Graphing reciprocal functions using a split screen
Question

Construct a command to graph hyperbolas of the form Y = a

x j—
and store values for the parameters a, 4, and k.

Solution

To enter hyperbolas of the above form, using the sample
valuesa=1,h=3,and k= 5:
A

e Press to display the CALCULATOR
application.
e Enter the command as follows:

1-A:3—-H:5—>K:"

+K.

e Press |¥=] and enter the equation Y1 =

+K" - Y1

Note: The arrow symbol (— ) above is entered via the [sto~

+ k, permitting the user to enter

NORMAL FLOAT AUTO REAL RADIAN MP
L] TO EXPAND

PLOT1 PLOT2

=

PLOT3

INORMAL FLOAT AUTO REAL RADIAN MP D

AN\ Y1 +K

A
X-H

15A: 3+H: 59Kz " %*‘K"*Yl

Done

NORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE
Y1=(R)Z(X-H)+K

key. The double-quotes are accessed via the key.
e Press to view the hyperbola fora= 1,7 =3, k= 5.

Note the shape and symmetry of the hyperbola and the
asymptotic behaviour towards the lines x =3 and y = 5.

To view a different hyperbola:

Press to display the CALCULATOR screen,
e Edit the command to change any of the values for
parameters a, h, and/or k.
e Press to view the new hyperbola.

It is also possible to split the screen into two parts, so that
both the graph and the current values of the a, 4, and k can be
displayed.

To split the screen, press the following keys:
> HORIZONTAL (as shown right).

Note: To return to the full screen display, press the following
keys: > FULL and then press (enter].

Y-interceprt T
X=0 +¥=14/3

[NORMAL FLOAT AUTO REAL RADIAN MP D
ANGLE SETTINGS

CLASSIC

(LGN SCIENTIFIC ENG
81234567839
DEGREE GRADIAN
PARAMETRIC POLAR SEQ
DOT-THICK THIN DOT-THIN
1Ayl it SIMULTANEOUS

a+bi re~(84)

FULL GRAPH-TABLE
YZ] Uned

DECIMAL

DIAGNOSTICS OFF

NORMAL FLOAT AUTO REAL RADIAN MP

-

POINTS OF INTEREST TRACE
Y1=(RIA(X-H)+K T

..............................

X=3 ty=

13A: 33H: 59K: " ﬁﬂ("aw

Done

©2026 Texas Instruments
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3.4. Topic 4: Trigonometric functions

3.4.1. Circular measure and radian measure
Comparing radian and degrees angle measurement

Question

Create a spreadsheet to display equivalent angle measurements in degrees and radians for angles 0°

to 180° at 10-degree intervals.
Solution

e Press to select the CALCULATOR application.
e Press [2nd][catalog] > ClrAllLists to clear all the lists.
e Press > Edit ... to view the blank lists.

To enter a sequence of angles 0° to 180° at 10-degree
intervals:

e Move to L1 column, and press (] to highlight the column
header L1 and press [enter].

e Press [2nd]llist] > OPS > seq( and enter the values shown in
the screen right for the sequence.

e Press PASTE [f2] (but don’t press yet).
This will paste the command seq(X, X,0,180,10)as a
column formula for L1. Before pressing [enter], add double
quotes to the start and finish of the formula as shown right
— the double quotes will make the formula editable at a
later stage if needed.

e Now press to execute the formula and display the
sequence in L1.

To enter fractions of 180° (or 7 ) that each angle represents:

e Move to the L2 column and press [4] to highlight the
column header L2 and press [enter].

e Complete the equation L2="11/180 »F0D".
(for L1, use (2nd][L1], and for the fraction conversion
command, use > FRAC > »FOD or [alpha][f1]).

The fraction of w each angle represents will now appear in L2.
To calculate the number of radians that each angle represents:

e Move to the L3 column and press [+] to highlight the
column header for L3 and press [enter].

e Complete the equation L3="1L2(x] n" (for L2, use [2nd][L2],
and for m, use [2nd][n]).

The equivalent radian measures will now appear in L3.

INORMAL FLOAT AUTO REAL RADIAN MP D

Seq

Expr:X
Variable:X
start:0
end:180
step:10

PASTE

Li1="seq(X,X,0,180,10)"

INORMAL FLOAT AUTO REAL RADIAN MP D
L1 L2 L3 Ls Ls

[}]

18

28

30

40

50

60

70

80

98

188
Li1="eq(X,X,0,180,10)"

[NORMAL FLOAT AUTO REAL RADIAN MP 0
L1 a | al%] L4 Ls

0 0

18 =

28 5

38 i

48 %

Lz="L1/180»F<»D"
[NORMAL FLOAT AUTO REAL RADIAN MP 0
L1 8Lz a |5 aly! Ls

0 0 8

18 = 8.1745

28 5 8.3491

38 i 8.5236

48 % 8.6981

L3="Lz-q"

©2026 Texas Instruments
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Converting angle measurements between degrees and radians

Question
(a) Convert 60°45"15" to radians.

Solution

(a) Assuming the calculator is in DEGREE mode
(use to change the setting if needed), to convert the
angle 60°45°15" to radians:

e Press to select the CALCULATOR application.

e Enter the angle 60°45°15", pressing [2nd][angle] >>
DEGREE to select the degrees, minutes, seconds symbols
as required.

e Press the key converts the DMS angle into decimal
degrees.

e Ifrequired, the angle in decimal degrees can be converted
to DMS by pressing [2nd][angle] >> DEGREE > »°

To convert the DMS or decimal degrees angle to radians:

e Press [2nd][Ans] to paste the DMS or decimal degrees angle
to the editing line.

e Press [2nd][angle] >> RADIAN > P r and then press [enter].

Note: If the setting is set to RADIAN, then if the angle
60°45°15" is entered, it will be converted automatically to the
equivalent value in radians.

(b) Assuming the calculator is in RADIAN mode (use
to change the setting if needed), to convert the angle 1.5 from
radians to decimal degrees:

e Enter the radian value 1.5, then press
(2nd][angle] >> RADIAN >r .
e Press [2nd][angle] >> DEGREE > P ° and then press [enter].

To convert the angle 1.5" from radians to DMS:

e Enter the radian value 1.5, then press
(2nd][angle] > RADIAN > r .

e Press [2nd][angle] >> DEGREE > » DMS and then press
[enter].

Note: If the calculator is in RADIAN mode, it is not necessary
to append the ‘r’ symbol (see screen right). If the calculator is
in DEGREE mode, you can force the 1.5 to be read as a

radian value by appending the r’ symbol.

(b) Convert 1.5 radians to degrees.

NORMAL FLOAT AUTO REAL DEGREE MP D

(31733 RADIAN GRADIAN ROP
1:0 [o]

2:!
3:"
4: pDMS
5:p°
INORMAL FLOAT AUTO REAL DEGREE MP D
6@°45'15"
60.75416667
AnsPDMS
6@°45'15"
Ansh°
60.75416667°
INORMAL FLOAT AUTO REAL DEGREE MP D

DEGREE I{i[0GII) GRADIAN RoP

NORMAL FLOAT AUTO REAL DEGREE MP

“\ ||1
=

60°45'15"
60.75416667
60.75416667»"
1.060360243r

NORMAL FLOAT AUTO REAL RADIAN MP

!‘l

1.5rpe
85.94366927°
1.5r»DMS
85°56'37.209"
1.5p°
85.94366927°
1.5»PDMS

85°56'37.209"
|
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3.4.2. Introduction to trigonometric functions

Investigating periodicity of trigonometric functions

Question

(a) Create a listing of the sine and cosine of all angles that are multiples of 7/6 (from 0 to 4m).

(b) Create plots of the sine and cosine of all angles that are multiples of n/6 (from 0 to 4m).

Solution

(a) To generate a sequence of angles 0" to 47" at intervals of n/6

Press [ondY](enter] to select the CALCULATOR application.
Press [2nd][list] > OPS > seq( and enter the values shown in
the screen right for the sequence.

e Press PASTE [f2] (but don’t press yet).
This will paste the command seq(m/ 6 x N, N,0,24,1).
Press [sto-] then [2nd]llist] > OPS > L.

e Complete the command
seq(m/6xN,N,0,24,1) = LANGLE.

e Now press to execute the formula and display the
sequence of angles (in approximate radian form).

Note: The small ‘L’ symbol (found via (2nd][list] > OPS > L)
permits the user to define a list variable with more than one
letter. It can also be found via (2nd][list] > OPS >[4] > 1)

To calculate the sines and cosines of this sequence of angles
from 0" to 4n" at intervals of 7/6:

e Enter the command sin(LANGLE) — SIN.
e Enter the command cos(LANGLE) — LCOSIN.

Note: The multiple letter variable names are more easily
entered using ‘alpha-lock’, which is found via [2nd]JA-lock]

(b) To create plots of the sine and cosine of angles that are
multiples of ©/6 (from 0 to 4m):

e For a plot of the sine values, press [2nd][plot*] and select
PLOT1, and then edit the following settings.

(@)

O O O O

(@)

Set PLOT = ON.

For TYPE, select the XY Plot.

For XLIST, press (2nd]list| > NAMES > ANGLE.
For YLIST, press (2nd]list) > NAMES > SIN.

For MARK, select the hollow square mark.

For COLOR, select BLUE.

e Press > Zoom Stat to view the plot of the sine graph
in a suitable window.

e Repeat the above steps to define PLLOT2 for the plot of
the cosine values.

Use the key to explore the sine and cosine values for
angles from 0 to 4.

Expr:m /6" N
Variable:N
start:0
end:24
step:1

PASTE

INORMAL FLOAT AUTO REAL RADIAN MP D

Seq(ﬂfﬁ'N,N,ﬂ,24, 1) LANGLE
{0,0.5235987756,1.047197551, »

sin(LANGLE)>LSIN
{0,0.5,0.8660254038,1,0.8660)

cos (LANGLE)> LCOSIN
{1,0.8660254038,0.5,0, -0.5, -»

INORMAL FLOAT AUTO REAL RADIAN MP D

PLOT1 PLOT2 PLOT3

pLoT [T OFF
TYPE [ L= Jhe (M- HIH | |
XLIST ANGLE

YLIST SIN

Y o [

.
COLOR [« BLUE B

INORMAL FLOAT AUTO REAL RADIAN MP D

!Plotl:HNGLEsSIN

X=3.1415927 ¥=8
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Graphing trigonometric functions

Question
Explore the graphs of the following equations: y =sin(x), y = cos(x), y = tan(x)from x = 0 to 2.

Solution

To plot the graph of y =sin(x) in a suitable window: Lod 10 ExpAND 0

PLOTI PLOTZ2 PLOT3

e Check calculator is in RADIAN mode (use to oo T

change if required). NORWAL FLORT UTO RERL SH0L NP (]

e Press |¥=] and enter the equation Y1 = sin(X). POINTS OF INTEREST TRACE
e Press > Zoom Trig.

The graph of y = sin(x) will appear in a window where
Xmin = —-2n and Xmax = 2z, with tick marks on the x-axis at — e
multiples of /2. To view the graph for only x =0 to x =2, \/
and to set the tick marks on the x-axis to multiples of 7/6,
adjust the viewing window as follows:

e Press and set the following values: s =

Xmin =0 Xmax =21  Xscl =m1/6

Ymin=-2  Ymax =2 Yscl=1 . R
e DPress to view the graph in the new window. 00 s o n(IXJ REST TRACE |
Note: To view the grid, press (2nd][format] and select LINE.
To add plots of the graphs of y =cos(x) and y = tan(x): /
e Press |¥=] and enter the other two equations: — — — —

Y2 =cos(X) and Y3 = tan(X).
e Press to view all three graphs from x = 0 to 2.

e Press to observe and compare the three function | xiStaters y=1
values for various values of x. ORMAL FLOAT AUTO REAL RADIAN HF 1
To view a table of values for all three functions at once: - X aYl le BYB
®  Press [zndftablel. 7
e Press [+] to enter a new table increment (A7b!) for the AR R TR
independent variable x. X N
3.6652 | -0.5 -0.866 0.5774
e Set ATbl=n/6 and press [enter]. 41888 | -0.866 0.5 L7321
. . %5 -8.866_ 0.5 -1.7321
Scroll through the table to observe and compare trigonometric ", 1,1 -./6
values from x = 0 to 2.
To view the graphs alongside a table of function values: TFOR ATbL |
e Press and select GRAPH-TABLE. e
e Press to view all three graphs from x = 0 to 2, e s
alongside a table of the y = sin(x)values. LN N/ / 5.866
e Press [2nd][table] to access the table. §3§£529 _3:5
Use the cursor keys to move around the table, and to select | g;‘;gg ‘f:“ﬁ
the tabled values for y = cos(x) or y = tan(x). 5.236 | -0.866
e Press (4] to enter a new table increment (ATbl )for the 4=1-9797983207949

independent variable x.
Note: One advantage of the GRAPH-TABLE split screen is that tracing the graph also traces
through the table at equivalent points. It also works in reverse, that is, tracing through the table
values also traces through the equivalent points on the graph.

Wi TEXAS INSTRUMENTS
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Using random number generators for simulation of data

(a) Generate a random number between 0 and 1.

(b) Generate 5 random integers between 12 and 20 inclusive (with & without repetitions).
(¢) Simulate rolling a die 100 times, and display the result as a histogram.

(a) To generate a random number between 0 and 1:
e Press(math]> PROB > rand and then press [enter].

The calculator will display a random number in decimal form
that is between 0 and 1. Continue to press [enter]to repeat the
command and produce more random numbers.

(b) To generate 5 random integers between 12 & 20 (inclusive):

e Press(math]> PROB > randInt(.
e In the screen that follows, set the following values:
o lower =12 upper=20 n=S5.
e Press PASTE [f2].
Complete by entering randInt(12,20,5) .

The calculator will generate a list of randomly selected
integers within this range. Note that repetitions are possible.
To generate 5 random integers between 12 and 20 (inclusive),
but with no repetitions:

e Press(math]> PROB > randIntNoRep(.

e Complete by entering randIntNoRep (12,20,5).

(c) To generate & store 100 random integers between 1 and 6:

e Press(math]> PROB > randInt(.

e In the screen that follows, set the following values:
o lower=1 wupper=6 n=100.

e Press PASTE [f2].

e Complete by entering randInt (1,6,100) —L1.
(press [sto=][2nd][L1] to store the set in L1).

To display the results as a histogram:
e Press [2nd][plot=] and select PLOT1, and then edit the
following settings.
o Set PLOT = ON.
o For TYPE, select the Histogram.
o For XLIST, press [2nd][L1].
e Press and enter the following values:
Xmin =0 Xmax=—8 Xscl=1
Ymin=-5 Ymax =25 Yscl=5
e Press to view and trace the histogram.
Generate another 100 integers and observe the histogram.

NORMAL FLOAT AUTO REAL RADIAN MP D

rand
0.9435974025

rand
0.908318861

rand

0.1466878292

Note: The random number
generator can be ‘seeded’ by
storing a unique value into the
rand function, so that each
student has a different set of
random integers. Ask them to
enter the last 4 digits of their
student ID (e.g. 4378 — rand ).
randInt(12,20,5)
{15,18,12,15,203
randInt(12,20,5)
{12,20,12,12,163
randIntNoRep(12,20,5)
{19,20,14,13,123

randIntNoRep(12,20,5)
{18,12,15,14,203

randInt(1,6,100)~>L1
{1,6,3,1,3,4,1,2,5,3,6,2,3,1»

NORMAL FLOAT AUTO REAL RADIAN MP D

Plotl:L1
— 33—

min=1
max<2 n=21

Note: The value of Xscl
determines the width of each
column.

©2026 Texas Instruments
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Exploring sample space through random numbers

If two regular dice are rolled and their numbers added, design a simulation of 500 trials that shows
all possible number sums and approximations of their associated probabilities.

To simulate results from 500 trials of rolling 2 regular dice:
e Press to select the CALCULATOR application.
e Press [2nd][catalog] > ClrAllLists to clear all the lists.
e Press[math] > PROB > randlInt(.
e In the screen that follows, set the following values:

o lower=1 n = 500.
e Press PASTE [{2] .

e Complete by entering "randInt (1,6, 500) ">L1

(press [sto=][2nd][L1] to store 500 results in L1) .

e Press [4][enter] to copy and paste the previous entry, then
edit it to generate and store another 500 results in L2
(i.e. "randInt(1,6,500)" — L2).

To calculate the die sum for each simulated roll of 2 dice, and
store each die sum in L3:
e Enter the formula "L1+L2" —L3.

Note: The double quotes outside the stored commands above
mean that they are editable — that is, the commands can be re-
executed to generate another set of 500 trials.

upper =6

To display the results as a histogram:
e Press [2nd][plot%] and select PLOT1 and then edit the
following settings.
o Set PLOT = ON.
o For TYPE, select the Histogram.
o For XLIST, press [2nd][L3].
e Press and enter the following values:
Xscl=1 Yscl =10 (ignore the other parameters).
e Press > Zoom Stat to view and trace the histogram.

The columns of the histogram will for a two dice sum of
between 2 to 12 (inclusive) and the frequency of each can be
read by hovering the cursor over each. For example, in the
histogram shown right, the dice sum 7 occurred 75 times in
that simulation of 500 trials. This corresponds to a relative
frequency of 75/500 = 0.15 (15%).

Note: These relative frequencies provide approximations of
theoretical probability. E.g. in this example the modal score is
7 with a relative frequency of 75/500 or 15%. Compare this to
the theoretical probability 1/6 = 16.7%. Note also that the
simulation can be repeated by pressing > Zoom Stat.
Doing this will also automatically update the window in which
the histogram is displayed.

NORMAL FLOAT AUTO REAL RADIAN MP D

Done
ClrAllLists
Done
"randInt(1,6,500)">L1
randInt(1,6,500)
"randInt(1,6,500)">L2
randInt(1,6,500)
"Li+L2"aL3
Li1+L2
NORHMAL FLOAT AUTO REAL RADIAN MP D
L1 8Lz a |5 :1Le Ls
] 3 9
6 3 9
1 6 7
2 4 6
2 6 8
2 6 8
2 4 6
5 6 11
1 5 6
5 1 6
3 1 4
L3="Li+L2"

NORMAL FLOAT AUTO REAL RADIAN MP D

Plotl:L3

min=7

max<8 n=75
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Unit 2: Calculus and further functions

4.1. Topic 1: Exponential functions

4.1.1. Indices and index laws
Using scientific notation

Most modern calculators (including the 77-84 Evo) represent
numbers using “floating point”. This calculator uses a maximum
of 10 digits to represent a decimal number, or 10 digits for the
mantissa and 2 digits for the exponent if the number is expressed
using scientific notation.

Question

Complete the following calculations and interpret the results
obtained.

(a) 123456 x 54321,

Solution

(b) (1.2345 x 10'%) x (6 x 1023).

Note: Unless otherwise stated, the screens show results when
the DECIMAL SETTINGS is set to FLOAT, meaning it will
display a maximum of 10 digits. Press to check this
setting. The screen right shows how the FLOAT setting
displays results as the magnitude of the number increases. If
the number is larger than can be displayed using 10 digits, the
result is displayed using scientific notation, with a maximum
of 10 digits for the mantissa, and a maximum of 2 digits for
the exponent.

(a) To complete the calculation for question (a) above:

e Press to select the CALCULATOR application.
e Enter 123 456 x 54 321.

The result of this product is a 10-digit number and can be
displayed in exact form.

Note: If the product 123 456 x 654 321 is calculated, the
result cannot be displayed in exact form (the exact answer is
the 11-digit number 80 779 853 376), and so is displayed
using scientific notation with 10 digits in the mantissa and 2
digits in the exponent (as shown right).

(b) Numbers can be added in scientific notation directly by
using the [2nd][EE] key as shown right. To complete the
calculation for question (b) above:

e Press to select the CALCULATOR application.
e Enter 1.2345 [2nd][EE]14 x 6 [2nd][EE] —23.

This calculation gives the result in scientific notation,
expressing it approximately as 7.407 x 107,

The other calculations show that the result may be displayed
as a decimal if the value of the negative exponent is small (as
shown here for an exponent of —2 or —3).

et sermss
DECIMAL SETTINGS

CLASSIC

UL{0i[Y SCIENTIFIC ENG
81234567889
[[{i[[l DEGREE GRADIAN

UL[49{1]{] PARAMETRIC POLAR SER
J{4)y DOT-THICK THIN DOT-THIN
[T 8Ti§ SIMULTANEOUS

M a+bi re~(84)

/N8 HORIZONTAL GRAPH-TABLE
Uned

DECIMAL

DIAGNOSTICS OFF
[« ENGLISH »]

L b b e b | 4
=
o
-]
=

e

0. 95|

Ans-197.3
187.435

Ans+197.3
36980.9255

Ans-197.3
7296336.601

Ans-197.3
1439567211

Ans-197.3

2.840266108e11

NORMAL FLOAT AUTO REAL RADIAN MP D

123456-54321
6706253376
123456-654321
8.077985338e10

[NORMAL FLOAT AUTO REAL RADIAN MP D

1.2345e14-6e -23

7.407¢ -9

1.2345e14 -6 -16
0.07407

1.2345e14 -6 -17
0.007407

1.2345e14-6e -18
7.407c -4
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4.1.2. Introduction to exponential functions

Transforming exponential functions

Let f(x)= PO k, r >0.What is the effect on the graph of varying the parameter:

(a) r

(a) To explore the effects of varying the value of the
parameter 7, let 4 =0 and £ = 0.

e Press [y5) and enter the equation Y1={1/4,1/2, 2,4}X.
e Press and enter the following values:

Xmin =4 Xmax =4 Xscl=1

Ymin =4 Ymax =20 Yscl =4
e Press to display the graphs.

This will generate 4 different exponential function graphs

(b) 7

with the values r = i,%,Z and 4.

e Press and the cursor keys to observe how the value
of the y-coordinate changes as the x-coordinate changes.

Answer: All graphs of f{x)=r* (for r > 0) will:

e have a horizontal asymptote at y = 0.

e include the point (0,1).

e if 0 <r<l, the value of y decreases as x increases.
e ifr>1, the value of y increases as x increases.

(b) To explore the effects of varying the value of the
parameter 4, let r =2 and k= 0.
e Press ¥=] and enter the equation Y1 = 2% (024},
e Press and enter the following values:
Xmin = -6 Xmax = 10 Xscl=1
Ymin =-2 Ymax = 20 Yscl=2
Answer: All graphs of f(x)=2*~" will:
e have a horizontal asymptote at y = 0.
e pass through the point (4,1).
e translate the point (x, y) on y =2"to (x + &, y).
(¢) To explore the effects of varying the value of the
parameter &, let » =2 and h = 0.
e Press [y5) and enter the equation Y1=2+{-4,0,4}.
e Press [zoom|(6] to view the three graphs in the standard
viewing window.
Answer: All graphs of f(x)=2* + k will:
e all graphs have a horizontal asymptote at y = k.
e all graphs have a y-interceptat y =1 + k.
e translate the point (x, y) on y =2*to (x, y + k).
Note: You could also investigate this problem using the
TRANSFORMATION GRAPHING application, and the
equation Y1=A*"+C.

(©) k2

NORMAL FLOAT AUTO REAL RADIAN MP

POINTS OF INTEREST TRACE
¥1={1/4.1/2,2,43"(X)

Note: The base of the
exponential function, r, is often
called the ‘multiplier’. For
instance, a base of r = 2 means
that as the value of x increases
by one unit, the value of y
increases by a factor of 2. That
is, the y-value is multiplied by 2.

¥1=2"(X-{8,2,43)

NORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE
¥1=2"(X)+{-4.8.4>

..............

Y-intercept

©2026 Texas Instruments

Wi TEXAS INSTRUMENTS



QCE Mathematical Methods Unit 2

Page 27

Modelling problems with exponential functions

Question

A student deposits $1500 into an account with interest rate of 6% per annum, compounded monthly.

(a) Construct an exponential relationship between the account balance B and ¢, the number of years

over which the money is invested.

(b) Use your answer to part (a) to find the account balance after each of the first 5 years

(to the nearest dollar).

(¢) Find to the nearest month, the time that it would take for the account balance to double.

(d) Display your answer to part (¢) graphically.

Solution

(a) Since compounding occurs monthly, a suitable function
model can be defined as:
12¢
B(1) = 1500{1 + %) =1500(1.005)"".

(b) To define this function and find annual account balances
for each of the first 5 years:

e Press to select the CALCULATOR application.

o Enter "1500%(1.005)™" " — Y1.
e Enter Y1({1,2,3,4,5}).
e Enter round(Ans,0).

Answer: The balances after each of the first 5 years are
$1593, $1691, $1795, $1906, and $2023.

(¢) The time required to double account balance to $3000 can
be found using the numerical solve command as follows:

Press > MATH > Numeric Solver ...

For E1, enter Y1.

For E2, enter 3000.

Press NEXT [f5] and SOLVE [f5] to find a solution to the
equation Y1 = 3000 for X.

e Convert the decimal part to months as shown right.

Answer: It will take 11 years and 7 months for the loan
balance to double in value.

(d) On a Graphs page, and enter the constant function:
e Press [¥5], add the equation Y2 = 3000
e Press and enter the following values:
Xmin=—1 Xmax =15 Xscl=1
Ymin =-1000 Ymax =5000  Yscl=1000
To show the point of intersection:
e Press [2nd][calc] and select intersect.
e For Guess?, move the cursor close to intersection point,

and then press [enter].

NORMAL FLOAT AUTO REAL RADIAN MP D

12X
"1530[1+ 61/a1n2 "Y1

Done

¥1({1,2,3,4,53)
{1592.516718, 1690. 739664, 179

round(Ans, 0)
{1593, 1691, 1795, 1906, 20232

1:abs( 10|
2:round( [o]
Note: The function label Y1 can
be accessed by the key sequence
> Y-VARS > Function >
Y1 or (alpha)[f4]. The round
command is found via >
MATH > round. When selecting
the command, press [0]to view
its syntax.

NORMAL FLOAT AUTO REAL RADIAN MP
SOLUTION IS MARKED =

=

¥1=3000

=¥X=11.581310134224
bounds= {-1£99, 199}

sE1-E2=0
X
11.58131013
Ans-11
0.5813101342
Ans-12

6.975721611

NORMAL FLOAT AUTO REAL RADIAN MP D
RESULT STORED TO ANS
¥1=15080-(1.885)~(12X)

Intersection
1 X=11.58131 ¥=3000

©2026 Texas Instruments
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4.2. Topic 2: Logarithms and logarithmic functions

4.2.1. Logarithms and logarithmic laws

Visualising a graph of logarithmic values

The link between a number and its logarithm to a particular base can be visualised by generating a

set of numbers and their corresponding log values.

Question

(a) Generate a small set of numbers which are powers of 2, and then calculate the logarithm of each

of these numbers using a base of 2.

(b) Construct a scatter plot of these numbers, using the powers of 2 as the independent variable, and

the logarithm values as the dependent variable.

(¢) Graph the equation y = logx(x) on the same axes as the scatter plot.

Solution

(a) To enter a sequence of powers of 2:
e Press to select the CALCULATOR application.
e Press [2nd]llist] > OPS > seq( and enter the values shown in
the screen right for the sequence.
e Press PASTE [f2] (but don’t press yet).
This will paste the command seq(2",N,-2,3,1).
Press then [2nd][list] > OPS > L.
e Complete the command
seq(2",N,-2,3,1) > LPOW?2.
e Now press to execute the formula and display the
powers of 2 for the integers —2 to 3.

Note: The small ‘L’ symbol (found via (2nd]llist] > OPS > 1)
permits defining a list variable with more than one letter.

To calculate the logarithms (using base of 2) of this sequence
of numbers, press and enter log2(Ans) = L LOG .

(b) To create a plot of the logarithms values for each of the
numbers:
e Press [2nd][plot=] and select PLOT1, and then edit the
following settings.

o Set PLOT = ON.
For TYPE, select Scatter Plot.
For XLIST, press [2nd]list) > NAMES > POW?2.
For YLIST, press (2nd]list] > NAMES > LOG.
For MARK, select the hollow square mark.

o For COLOR, select RED.
e Press > Zoom Stat to view the scatterplot.

O O O O

(¢) To overlay the graph of y = logx(x) on the scatter plot:

e Press [¥5], add the equation Y1 = logx(X)

e Press to view this graph as well as the scatter plot.

e Use the key to explore the value of the logarithm for
various values of x.

INORMAL FLOAT AUTO REAL RADIAN MP D

Seq
Expr:2°N
Variable:N
start: -2
end:3
step:1

PASTE

NORMAL FLOAT AUTO REAL RADIAN MP D

seq(2V,N, -2,3,1)sLPoN2
{0.25,0.5,1,2,4,8}
logy(Ans)>LLOG

{-2,-1,0,1,2,33

[NORMAL FLOAT AUTO REAL RADIAN MP D

PLOT1 PLOT2 PLOT3

pLoT T OFF
TvPE B (| The | MR- | HOIH
XLIST POK2
YLIST LOG
Y o [

COLOR « BLUE

.
» 1l

NORMAL FLOAT AUTO REAL RADIAN MP D

Plotl:POW2.L0G

X=8 ¥=3
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4.2.2. Logarithmic functions

Transforming logarithmic functions

Let f(x)=log, (x - h) +k, a >1.What is the effect on the function graph of varying the parameter:

@) a

(a) To explore the effects of varying the value of the
parameter a, let =0 and k= 0.

e Press [/=] and enter the equation Y1=log,

(b) &

X).

2,3,4,5} (

e Press and enter the following values:
Xmin = -1 Xmax = 10 Xscl=1
Ymin =-5 Ymax =5 Yscl=1

e Press to display the graphs.

This will generate 4 different logarithmic function graphs with
base values a = 2, 3, 4, and 5.

Answer: With further experimentation, note that:

e all of the graphs have a vertical asymptote at x = 0.

e all of the graphs pass through the point (1,0).

e for higher a values, the gradient of the graph decreases
more rapidly for x > 0.

(b) To explore the effects of varying the value of the
parameter /2, leta=2, h=3 and k= 0.
e Press ¥=] and enter the equations
Y1 =log2(X) and Y2 =log2(X-3) .
e Press to display the graphs.

Notice that for all points on the graph of Y1 = log(X), there is
a transformed point on the graph of Y2 = log2(X-3) which is 3
units to the right.

Answer: By varying the value of 4, it can be observed that:
e all the graphs have a vertical asymptote at x = /.

e all the graphs have an x-intercept at y = 1 + 4.

o the general point (x, ) is translated to (x + 4, y).

(¢) To explore the effects of varying the value of the
parameter &, let a =2, h =0 and k =-3.
e Press ¥=] and enter the equations
Y1 =log2(X) and Y2 = log2(X)-3.
e Press to display the graphs.

Notice that for all points on the graph of Y1 = log(X), there is
a transformed point on the graph of Y2 = log2(X) — 3 which is
3 units down.

Answer: By varying the value of %, it can be observed that:
e all the graphs have a vertical asymptote at x = 0.

e As kincreases, the x-intercept approaches 0.

e the general point (x, y) is translated to (x, y + k).

(©) k2

NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
Y1=109(X,({2,3.4,53))

t t t t t t t t 1

X=8 ¥=3

Note: On the [Y=) screen,
equations are in MathPrint

formate.g. Y, = log{2,3,4,5} (X)

On the screen, equations
are in command line format e.g.

Y =log(X,({2,3,4,5})

NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
Y2=109(X-3,2)

NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
Y2=109(X.2)-3

X=8 ¥Y=8

Note: You could also investigate
this problem using the
TRANSFORMATION
GRAPHING application, and

Yi=log, (X-B)+C.
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Modelling problems with logarithmic functions

The intensity of a sound depends on the energy of the sound wave. It is measured as power per unit
area, usually in watts/m? . An alternative measure is the loudness level, measured in decibels (dB).

-12

The loudness L dB is related to the intensity / watts/m? by the formula L =101log,, (%j

(a) The threshold for human hearing (i.e. the intensity of a barely audible sound) serves as a base
measure for decibels. The intensity is 1072 watts/m?. What is the corresponding loudness in
decibels?

(b) Normal conversation takes place at an intensity of about 107 watts/m?. Traffic on a busy street
might be 10 times the sound intensity of a normal conversation. Show that this does not mean
that the loudness level is 10 times greater and hence explain how the loudness level changes
when the sound intensity doubles.

(¢) The human eardrum is in danger of rupturing at a loudness level of 160 dB. What is the
intensity in watts/m? at which the human eardrum is in danger of rupturing?

(d) Explore ways to visually represent the relationship between loudness level and sound intensity.

Define the function for loudness as follows:
Press to select the CALCULATOR application.

n N x n
e Enter the following command to store as Y1: 1o l"gilll[ 10 12 ] ¥
Done
"10xlog,, (I()L‘”j" —>Y1. vy (10712)
0
(a) To find the loudness level for an intensity of 102 v1({1075,1075}) 0. 705

e Enter Y1(107'%) .
(b) To find the loudness level for intensities of 10° and 10->:

| EnerVAGOLIT).

Answer: If the sound intensity is multiplied by a factor of 10, , (,.,076)-y, (10 6)

the loudness level is increased by 70 — 60 = 10 dB. 3.010299957
: : v1(2-1075)-v1(1075)

To find how much the loudness level would increase if the 3.010299957

sound intensity is doubled: v1(2-1074)-v1(1074)

e Enter Y1(2x10-%)-Y1(10°) . 3.010299927
Answer: If the sound intensity is doubled, the loudness level
would increase by about 3 dB. This is true for doubling all
sound intensities, which is verified in the screen right, and can
be proven algebraically.

v1(2-1073)-v1(107%)
3.010299957

(¢) To find the intensity for a loudness level of 160 dB, solve  prtaie iU Rl 0

the equation Y1 = 160 for X using the numerical solve

; Y1=160
command as follows:
e DPress > MATH > Numeric Solver ... = %= 10000. 000000003
bounds= {-1£99, 199}
For E1, enter Y1. "E1-E2=D

[ ]

e For E2, enter 160.

e Press NEXT [t5] and SOLVE [f5] to find a solution to the
equation L = 1600 for /.

Answer: The sound intensity is 10 000 watts/m? (or 10*
watts/m?).

SOLVE

... continued
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(d) To display the graph of Y1: PaINTS oF INTeREsT TRAcE [
= : — ¥1=108-109(((X)#(18~(-12))),18)

e Press Y7 and enter the equation Y1 = log{m’ 45 (X). |
e Press and enter the following values:

Xmin =-1000 Xmax = 10000 Xscl = 1000 T

Ymin =-50 Ymax =200 Yscl =50
e Press to display the graphs.
Note that this view obscures the graph for lower values of /. 1000 ye1se
As it is known the values of 7 change more rapidly than those
of L, try plotting the logi0(/) values against the loudness level. Seq
From above, a reasonable range for human hearing is from Expr:N
1= 10"'2 (threshold of hearing) to / = 10* (ear bleeds). varizbieN
The associated values of L are from L =0 dB to L = 160 dB. end:4

step:1

Generate these sequences as follows:

e Press to select the CALCULATOR application.

e Press [2nd]llist] > OPS > seq( and enter the values shown in
the screen right for the sequence.

e Press PASTE [f2] (but don’t press yet).
This will paste the command seq(N, N,-12,4,1).

e Press [sto-] then [2nd][list] > OPS > .

e Complete the command
seq(N,N,-12,4,1) > L LGINT.

e Now press display and store a sequence of the
logarithms of the sound intensity from —12 to 4.

Repeat the above to generate and store a sequence of the
corresponding loudness levels from 0 to 16 using the
following command: seq(10N,N,0,16,1) - .LOUD

To create a plot of loudness level vs log (sound intensity):

e Press [2nd][plot=] and select PLOT1, and then edit the
following settings.

o Set PLOT = ON
For TYPE, select the Scatter Plot
For XLIST, press (2nd]list] > NAMES > POW?2
For YLIST, press [2nd]list] > NAMES > LOG
For MARK, select the hollow square mark

o For COLOR, select BLUE
e Press > Zoom Stat to view the scatterplot.

O O O O

The plot shows a perfect linear relationship between the
loudness level and the logarithm (base 10) of sound intensity.

The equation of the line relating loudness level and the
logarithm (base 10) of sound intensity can be calculated by
pressing > CALC > LinReg(ax+b).

So according to the regression analysis (and log laws),
loudlevel = 10 x logo(intensity) + 120.

PASTE

NORMAL FLOAT AUTO REAL RADIAN MP

SEq(N!N! -12,4,1)>LLGINT
{-12,-11, -10, -9, -8, -7, "6, "5, »
seq(10-N,N,0,16,1)>LL0OUD
{e,10,20,30,40,50,60,70,80,9»
|

=

NORMAL FLOAT AUTO REAL RADIAN MP D

PLOT1 PLOT2 PLOT3

pLoT [T OFF
TyrE [ES LA | The | b Wb | [
XLIST LGINT

YLIST LOUD

vark EH -+

COLOR « BLUE

.
» 1l

NORMAL FLOAT AUTO REAL RADIAN MP D

Plotl:LGINT.LOUD a
o
a
o
]

X="12 Y=8
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4.3. Topic 3: Introduction to differential calculus

4.3.1. Rates of change and the concept of derivatives

Comparing average rates of change with instantaneous rate of change

The volume of water /' remaining in an 8000L tank # minutes after a tap is opened can be modelled

by the function ¥'(r) =(20—1)’,0<7<20.

(a) Find the average rate of change in volume during (i) first 10 minutes;

(b) Estimate the rate of change in the volume at # = 10 minutes.

(i1) second 10 minutes

(c¢) Construct graphs of the above function and the rates of change in the volume requested.

(a) Calculate average rate of change values as follows:

e Press to select the CALCULATOR application.

o Enter the function "(20— X)3 " >Y1.
Y1(10)-Y1(0)
10-0
Y1(20)-Y1(10)
20-10
Answer: (i) =700 L/min; (ii) —100 L/min.
(b) To estimate the instantaneous rate of change at # = 10 min:
Y1(10+H)-Y1(10)
(10+H)-10
Answer: By experimenting with very small values of 4, it can

be estimated that at 7 = 10 minutes, the water in the tank is
emptying at a rate of 300 L/min.

e Enter the expression

e Enter the expression

e Enter the expression 0.1 — H:

(c) Line segments can be constructed to represent the rates
calculated using the point at (10, 1000), and drawn on the
graph of V(f) over the relevant domain:

e For first 10 mins: y = —700¢ + 8000.

e For second 10 mins: y = —100z + 2000.

e At 10 minutes: y =—-300z + 4000.

To display the graph of ¥(¢), line segments and the tangent:
e Press |¥=] and enter the equations as follows:
N {—700X+8000 0<X<10

-100X+2000 10<X<20

e Y3=-300X+4000.

e Press and enter the following values:
Xmin =0 Xmax =20 Xscl=5
Ymin =-2000 Ymax = 10000 Yscl=2000

e Press to display the graph of V(¢) and a
representation of the relevant rates.

Note: The piecewise function in Y2 can be entered by first
pressing > MATH > piecewise. The inequality symbols
can be accessed via pressing > TEST.

NORMAL FLOAT AUTO REAL RADIAN MP D

" (20-X) 31y,
Done
Y1 (10)-Y1 (@)
10-0
-700
Y1(20)-Y1(10)
20-10
-100
Y1 (10+H)-Y¥1 (10)
0.13H: == aviD-10
-297.01
Y1 (10+H)-Y1 (1)
0.01H: == 5+H>-10
-299. 7001
Y1 (10+H)-Y¥1 (10)
0.001-H; TLUDHY1L0)
-299. 970001
NORMAL FLOAT AUTO REAL RADIAN MP D
[«] TO EXPAND

PLOT1 PLOT2 PLOT3

{‘7GBX+BGGG;BSX<1G
-100X+2000; 10<X<20

- Y3B8-300X+4000

NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
¥1=(28-X)"3

YiN¥s
X=18 ¥=1000

Note: In the screen above, the
graphs of Y2 and Y3 are thinner
than Y1. The colour/thickness of
any function graph can be
altered via [Y=). Move the cursor
to the left if the Y, then press

to access/edit the graph
colour and thickness.
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4.4. Topic 4: Applications of differential calculus

4.4.1. Graphical applications of derivatives
Drawing a tangent line on a graph
Question

Construct a tangent on the curve of f{x) = 0.1x(x + 4)(x —4) at x = 3.

Solution
To plot the graph of f(x): COLOR [« RED 3 |
e Press [¥3] and enter the equation Y1=0.1X(X—4)(X+4) . CANGEAT __‘ - >
e Press > Zoom [-10,10].
0K CLEAR

To construct a tangent on the graph of this function at x = 3:
e Press > [draw] >> Tangent

[NORMAL FLOAT AUTO REAL RADIAN MP

e Press MENU [f5] and use the following tangent settings: il B
o Set Color = RED. 1 i
o Set LINE = THIN. /.»/
o Set TANGENT equation to be stored in Y2. — —+—t /7/:- ——+—
o Press OK. > i

e To draw the tangent to the curve at x = 3, press [3][enter]. /f:‘/

Answer: The tangent line to the curve at x = 3 has the X3 T i

equation y = 1.1x — 5.4.

Note: Press [2nd|[draw] >> ClrDraw to remove the tangent line.
Locating stationary points of a function graphically
Question

Find graphically the coordinates of the local minimum on the curve of f{x) = 0.1x(x + 4)(x — 4).

Solution
To plot the graph of f{x): NORMAL FLOAT AUTO REAL RADIAN MP
. POINTS OF INTEREST TRACE
e Press [¥] and enter the equation Y1=0.1X(X—4)(X+4) ¥1=0.1X(X-4)(X+4)

e Press > Zoom [-10,10].
To locate the local minimum with the Trace feature:

e Press and then press to locate the cursor on
the graph at x = 2.
e Press ) until the cursor locates at the local minimum value.

Answer: The local minimum is approximately (2.31, —2.46). Minimum' it INERAER)
To locate the local minimum with the calc feature: NORMAL FLORT AUTO REAL RADIAN MP
e Press [2nd][calc] > minimum. TR
e  When prompted for a “Left Bound?”, position the cursor b
to the left of the local minimum and press [enter].
e  When prompted for a “Right Bound?”, position the n;
cursor to the right of the local minimum and press [enter]. SATRRRRRAT RS \;;«/ SRR RS
e  When prompted for a “Guess?”, position the between the
Left Bound and Right Bound you entered and press [enter]. T

Note: It is also possible to enter a numeric value for the left Dkl L Lw Al
bound, right bound or guess by typing the number directly.

Wi TEXAS INSTRUMENTS
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Locating stationary points of a polynomial function numerically

Find numerically the coordinates of any stationary points on the curve of f{x) = 0.1x(x + 4)(x — 4).

Firstly, display the graph of f{x) and approximate locations of
any stationary points:

e Press [¥=] and enter the equation Y1=0.1X(X—-4)(X+4) .

e Press > Zoom [-10,10].

From the graph, and a knowledge of cubic functions, we can
see that there will be 2 stationary points — a local maximum
near x =—2 and a local minimum near x = 2.

Using a numeric method to find the x-coordinates of
stationary points on the graph, find points where the
derivative equals zero:

e Press > MATH > Numeric Solver ...

e ForEl, press > MATH > nDeriv( and then
[alpha][f4] to enter Y1. Then complete the expression for
E1 as shown right.

e For E2, enter 0.

e Press NEXT [t5] and SOLVE [f5] to find a solution to the
equation E1 = E2 for X.

This locates one stationary point (the local minimum) at
approximately x = 2.3094.

To locate the x-coordinate of the other stationary point (the

local maximum):

e Move the cursor to the line displaying the current solution
for x, and change this to a negative number
(for example x = -2).

e Press SOLVE [f5] to find the other solution at
approximately x = —2.3094.

To find the y-coordinates of the 2 stationary points:

e Press to select the CALCULATOR application.

e Press [alpha)[f4] to enter Y1.
o Complete the expression Y1({2.3094,-2.3094})

Answer: The coordinates of the stationary points are
approximately (—2.3094, 2.4633) and (2.3094, —2.4633).

Note: It is also possible to solve the above equation using the
solve command (found via [2nd][catalog][S]). Assuming that the
original function is stored in Y1, the command
solve(expression, variable, guess) can be used. In this
command, ‘expression’ means the LHS of the equation to be
solved assuming the RHS equals zero. Here, we are solving
for dy/dx = 0, so the ‘expression’ is dy/dx. In the example
shown right, the ‘guess’ has been set to x = 2 and x = —2.
The POLYNOMIAL ROOT FINDER could also be used here.

NORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE
¥1=0.1X(X-4)(X+4)

NORMAL FLOAT AUTO REAL RADIAN MP D
ENTER ERUATION E1=E2

EQUATION SOLVER

d
- (Y1), _
E1: dX |X-X

E2: 0

NEXT

NORMAL FLOAT AUTO REAL RADIAN MP D
SOLUTION IS MARKED =

d =
a(ﬂ. 1X(X-4) (X+4))|X=x—0

= ¥X=2.3094010791645
bounds= {-1£99, 1993}
sE1-E2=0

NORMAL FLOAT AUTO REAL RADIAN MP D
SOLUTION IS MARKED =

d -

R(B. 1X(X—4)(X+4))|X=x—ﬁl

= ¥= -2.3094010763278
bounds= {-1£99, 199}
sE1-E2=0

Y1({2.3094, -2.3094%})
{-2.463361149,2.463361149}

NORMAL FLOAT AUTO REAL RADIAN MP D

"0.1X(X-4) (X+4) "Y1
Done

solve( L (Y1)]yyr%:2)
2.30940105
solve( L (Y1)|yoy s X 2)
-2.30940105

Y1({2.3094, -2.30943})
{-2.463361149,2.463361149}
I
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Building a tangent and normal calculator (TI-BASIC)

Construct an executable program in TI-Basic that will find the equation of a tangent and normal to
a function curve at a given x-value. Test the program by finding the equation of the tangent and

normal of y = x> — 8 at x = 2.

To construct a program in TI-Basic:

e Press > TI-Basic > NEW > Create New.
e Enter the program title TANGNORM.

e Enter the commands exactly as shown right.

Key sequences for entering selected program commands:
For ClrHome, enter >1/0 > ClrHome.
For Y1, enter [alpha][f5](1].

For Prompt, enter > 1/0 > Prompt.

For Diso, enter > 1/0 > Disp.

For nDeriv, enter > MATH > nDeriv(.
For Pause, enter > CTL > Pause.

To execute the program TANGNORM and test it by finding
the equation of the tangent and normal of y = x*> — 8 at x = 2,
complete the following steps:
e Execute the program by pressing
o [(alpha]lf5] (if inside the program code) or
o) > TI-Basic > EXEC >TANGNORM (if
outside the program) .

e For Y1, enter "X* —8" (include double quotes as shown).

e For X, enter 2.

The program will calculate and display the gradient and y-
intercept of the tangent at x = 2. Press and the program
will calculate and display the

Answer: The equation of the tangent and normal to the graph
ofy=x>-8 whenx=2are y=4x—12 and y =-0.25x-3.5.
To view the graph of y = x> — 8 and the tangent and normal
lines at x = 2:

e Press [Y5) and enter Y2 = MX+C and Y3 = NX+D.

e Press > Zoom [-10,10].

e Press > Zoom Square (to use equal scales for the
axes, so that the tangent & normal look perpendicular).

Note: The fourth last line of the TANGNORM program uses
the command PAUSE. This pauses the program, so that you
can record the tangent equation. To un-pause and continue
the program, press (enter). This will then display the equation
of the normal.

NORMAL FLOAT AUTO REAL RADIAN MP D
EDIT MENU: [alphal [£5]

PROGRAM: TANGNORM

:ClrHome

:Prompt Y1,X
tnDeriv(Y1,X,X)>M
:-1/M>N

Y1 (X)-MX>C
:¥1(X)-NX»D

:Disp "TANG:Y=MX+C"
:Disp "M=",M

:Disp "C=",C

:Pause

:Disp "NORM:Y=NX+D"
:Disp "N=",N

:Disp "D=",D

NORMAL FLOAT AUTO REAL RADIAN MP . D

y1?nx2-g"
x?2
TANG: Y=MX+C
M=

C=
=12
NORM: ¥Y=NX+D
N=
-0.25
D=
-3.5
Done

NORMAL FLOAT AUTO REAL RADIAN MP D

PLOT1 PLOT2 PLOT3

a\visx%8
(BN YeBMX+C
BN\ Y3BENX+D

NORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE
Y2=MX+C
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Locating global maxima/minima of a function

Find numerically the minimum and maximum values of f(x) = 0.1x(x — 4)(x + 4) in the domain

xe[-9,45].

g g g 6o NORMAL FLOAT AUTO REAL RADIAN MP
To define a function with the restricted domain: S L R 0

¥1=(0.1X(X-4)(X+4))/(X2-9 and X£4.5)

e Press [Y=] and enter the equation and domain as follows:
Y1=0.1X(X—4)(X+4)/(X>-9 and X<4.5).

e Press > Zoom [-10,10].

e Press > Zoom Fit.

Notes: (1) To enter the domain, press < TEST to

X

access the inequality symbols, or < LOGIC to enter Ik

the ‘and’ logical operator. Alternatively, you can define Y1 as X=19 Ve 58.5
a piecewise function with one part (via > MATH >

Ppiecewise).

(2) Zoom Fit adjusts Ymin and Ymax so that all defined
points for x values between Xmin and Xmax are visible in the
viewing window.

It looks as if global minimum and local minimum are not the
same, but it appears as though the local maximum at around
x =-2.3 is also the global maximum within the domain.

To numerically calculate the x value at which the global

minimum occurs in the domain given:

e Press to select the CALCULATOR application T n(¥t:% 73490 = or7aa

Enter > MATH > fMin(. Y1(Ans) 58 49983520
e Complete the expression: fMax(¥1,X, -9,4.5)
. -2.309401157
fMin(Y1, X, -9,4.5). Vi Ane)
Press > [f4] > Y1. 2.463361149

e Complete the expression Y1(Ans).

Answer: The global minimum in the given domain occurs at

the point with coordinates (-9, —58.5). Note: The commands fMin and
SfMax use a numeric routine to
locate the x values associated
with the minimum or maximum

To numerically calculate the x value at which the global
maximum occurs in the domain given:

e Enter > MATH > fMax(. function value across a specified
o Complete the expression: domain. Such commands will
fMax(Y1, X, -94.5). sometimes give an answer very
e Press > [f4] > Y1. close to, but not the same as, the
Complete the expression Y1(Ans). correct answer. Keep this in
mind when using these

Answer: The global minimum in the given domain occurs at

the point with approximate coordinates (-2.31, 2.46). commands.
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Unit 3: Further calculus and introduction to statistics
5.1. Topic 1: Differentiation of exponential & logarithmic functions

5.1.1. Calculus of exponential functions
Exploring Euler’s number

Question

h_
a 121.

(a) Find the value of a for which the value of £1rr(} P

(b) Explore the relationship between the graph of the function f{x) = a* and its derivative graph.

Solution

h p—
(a) To find the value of a for which lim a P ! =117

h—0 H
.asq. A -1
e Press to select the CALCULATOR application. 0.001°H:3>R: =5

1.099215984

e Enter the following to start testing values of /# and a: aH_q
AY 1 0.001H:2.5%A: “—
0.001l >H:3—>A: — ’ 0.9167106545
. . . . . 0.001+H:2.7»A: B=1
Experiment with various values of @ until the expression H 09937452109
generates a value close to 1 (to do this, press [«](enter] to copy n"'-—1

and paste the previous entry, then edit the value of a). 0.0013H:2.716289R: =5
1.000499493

This highlights the limiting value of 1 as the value of a

: Af-1
approaches Euler’s number e. Then try smaller values of /# until 0.0001+H:2.71828R: =~
the expression generates a value even closer to 1. The 1.0080049329

calculator may re-express the values of / in scientific notation. 0.80001+H:2.71828+A: F'I:l—'i
1.00000433

(b) To explore the relationship between the graph of the L L DR T LTS LTI 0

function f{x) = ¢* and its derivative graph, start with a = 5: PLOTI PLOT2 PLOT3

o Press /9 and enter the equation Y1 =5%, oevees

e Move to Y2 line, then press > MATH > nDeriv(. CIRZEFTCT TN

e Press > [f4] > Y1 to enter Y1. NORMAL FLOAT AUTO REAL RADIAN MP 0

e Then complete the derivative template for Y2 as shown. AT [ IR WIS

e Press and enter the following values:

Xmin=-0.1 Xmax=1 Xscl=0.1

Ymin = -1 Ymax =10 Yscl=2
e Press and then [trace].

Now both the graphs of the function f{x) = 5* and its

derivative graph are displayed in a suitable window.

Notice that the graph of the derivative appears to be above the

graph of f(x) = 5* for the visible domain.

e Press [2nd][table] to view a table comparing the function
value with the derivative value.

Try various values of a until the function graph and its

derivative graph appear to coincide. What is this value?

Also, for this a value, what is the value of f"(0)?

NORMAL FLOAT AUTO REAL RADIAN MP
[+] FOR ATbl

625 1805.9
3125 56829.5
15625 25147

78125 125737
390625 628687
1.95e6 3.14e6
9.77e6 1.57e?

>"< s wo o aawn=]
[=]
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Solving exponential equations
Question

Find a few different ways to calculate the solution to the equation 2* = 7.

Solution
On a Calculator page, enter the commands as follows:
Method 1: Press [2nd][catalog][S] and locate the solve solve(2%-7,x,2.5) ) 807354922
command, and then enter solve(2X-7,X,2.5). log,(7) ’
This will calculate the decimal approximation to the solution 2.807354922
of the given equation. Note that the original equation 2* =7 is %
entered as finding ‘zeros’ to 2* — 7 de 2. 807354922
(that is, solutions for x to the equation 2* — 7 = 0).
Method 2: Press [log] to display the logarithm template, then
enter 2 as the base and 7 as the number.
Method 3: The solution can also be expressed using the
1
‘change of base’ law | log, b= M,c >1|.
log, a
In the screen right, Euler’s number e is chosen as the base.
Method 4: The Numeric Solver can also be used in the
. . NORMAL FLOAT AUTO REAL RADIAN MP
following manner: ENTER EQUATION E1=E2 u|
EQUATION SOLVER
e Press > MATH > Numeric Solver ...
e For El, enter 2. E1: X
e For E2, enter 7.
e Press NEXT [t5] and SOLVE [f5] to find a solution to the 7
equation E1 = E2 for X. E2:

Note that Method 4 gives a decimal approximation with 14 —
significant digits.

. . . NORMAL FLOAT AUTO REAL RADIAN MP D
Note: There is at most one solution to the equation SIEUTLONE SIRARKE A
a =b, (a eR",be R)so nsolve will find this if it exists. 2%=7

= X=2.8073549220576
bounds= {-1£99, 1993}

"E1-E2=0
Method 5: Use function graphs to find the intersection
between two equations y = 2* and y = 7, or find the x-intercept
of the equation y = 2¥— 7. NORMAL FLORT AUTO REAL RADIAN MP

RESULT STORED TO ANS
As an example, to find the intersection point between the i 7
graph of y=2* and y =7; 1
e Press 1

P . | S SO [ S S— ——F"f/ ||||||||| xl
e Enter the equation Y1 = 2X, EEEEEEEEEREREE
e Enter the equation Y1 =7. 1
e Press [calc] > intersect. [
Intersection T

e For Guess, enter 2.8. X=2.8073543 Ty=7

Answer: All the above methods confirm that the solution to
the given equation is approximately x = 2.8073549.
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5.1.2. Calculus of logarithmic functions

Analysing the inverse relationship between exponential and logarithmic functions
Question

Draw the graph of f{x) = " and then draw its inverse.

Solution

To graph f1(x) = €* and its inverse: [FEELLT, FETr COR AL, CRIGTTTT ]

Press [¥=] and enter the equation Y1 = eX.

Enter the equation Y2 = X.

Press > Zoom [-10,10].

Press > Zoom Square to redraw with equal scale on
both axes.

Press [2nd][draw] > Drawlnv. ]
Complete the command Drawlnv Y1 (Y1 can be entered X=1 Tv=2.7182818

via [alpha][f4] > Y1). Note: The Drawlnv command

Both the graphs of the function f{x) = ¢* and its inverse are will display the inverse graphs,
displayed. The graph of the y = x is added as well, as it even if the inverse graph is not a
illustrates that inverse graphs are reflections in this line. Sunction.

Modelling with exponential and logarithmic functions
Question
The population of a particular species of fish in a lake is declining due to a chemical spill, which

can be modelled by the logarithmic function P(t)=alog,t+b, 1<t <c.

Two weeks after the date of the chemical spill, the population was 11,500 and after 4 weeks the
population was 8,500.

(a) Find the value of @ and the value of b.

(b) Find the value of ¢ (correct to one decimal place), which is the time at which the fish
population is completely gone.

(c) Sketch the graph of this model in a suitable window.

Solution
(a) We know P(2) =11500 and P(4)=8500 so: JNORMAL FLORT AUTO REAL RADIAN WP |
P(2)=11500=aln(2)+b < In(2)a+b =11500 SETUP
ERUATIONS: E 345678 918
P(4)=8500 = alIn(4)+b < In(4)a +b = 8500 UNKNOWNS: 1 3 4 56 7 8 9 18

VARIABLES: x,y EM)

. . . . 0 L] DECIMAL
Solve this pair of linear equations simultaneously as follows: OELIEN SCIENTIFIC ENG

A%l 612 3 4567889

e Press and select the SYSTEM SOLVER application. DEGREE
e On the setup page:
o Set EQUATIONS = 2. aurr HELP  NEXT
o Set UNKNOWNS = 2.
o Set VARIABLES =a,b

e Press NEXT [f5]. ... continued
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Solution (continued)

e In the template created, enter the two equations from the
information provided.

In(2)a+b =11500
In(4)a+b = 8500

e Press SOLVE [f5].

The result displays the solution for a and b respectively.
Answer: a =—-4328.085, b = 14 500.

(b) To find the value of ¢, find the time when the fish
population is predicted to have a value of zero, as follows:

Press > MATH > Numeric Solver ...

For E1, enter —4328.085 In(X)+14500.

For E2, enter 0.

Press NEXT [f5] and SOLVE [f5] to find a solution to the
equation E1 = E2 for X.

Answer: The model predicts the fish will be gone after
approximately 28.5 weeks.

(¢) Construct a graph of the population model as follows:

e Press |¥=] and enter the equation

Y1=-4328.085 In(X)+14500/(X<28.5)

Move to Y2 line, then press > MATH > nDeriv(.
Press > [f4] > Y1 to enter Y1.

Then complete the derivative template for Y2 as shown.
Press and enter the following values:

Xmin = -5 Xmax = 35 Xscl=5

Ymin =-2000 Ymax =20000  Yscl=5000

e Press and then [trace].

Note: The “<” symbol is found via the keys [2nd][=<#>].

L i e
SYSTEM SOLVER APP

SYSTEM OF EQRUATIONS
0.69.. ad 1 b=11500

1.38..a+ 1 b= 8500

Press [+] or [-]

QUIT  SETUP  RESET LOAD SOLVE
INORMAL FLOAT AUTO REAL RADIAN MP D
SYSTEM SOLVER APP

SOLUTION

ag -4328.085123
b= 14500

INORMAL FLOAT AUTO REAL RADIAN MP
ENTER ERUATION E1=E2

EQUATION SOLVER

- |

E1: -4328.0851n(X)+14500

E2:

NEXT

INORMAL FLOAT AUTO REAL RADIAN MP
SOLUTION IS MARKED =

- |

-4328.0851n(X)+14500=0

= X=28.50876168745
bounds= {-1£99, 1993}
sE1-E2=0

INORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE
¥1=-4328.8851n(X)+14500/(X<28.5)

- |

X=15 | ¥=2779.3285

©2026 Texas Instruments
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The shape of a cable hanging between two poles is modelled by y(x)=4(e’ +e * ) where x metres

is the horizontal displacement from the lowest point of the cable and y(x) metres is the height of the
cable above the ground.

(a) Find the minimum height (above the ground) of the cable.

(b) Use calculus to find the exact gradient of the cable when x =log, 32.

(¢) The cable hangs between two poles, attached to the top of each pole at a height of 11 metres.
How far apart are the poles, correct to the nearest centimetre?

(d) Plot the graph of y(x) in a suitable window with the domain restricted by the distance between
the two poles.

First enter the equation for y(x) as follows: [ é ?X
e Press [¥=] and enter the equation Y1 = 4(eX*+eX5). A\ YiBd4le “+e
(a) For the minimum height (occurs when y'(x) = 0):
e Press to select the CALCULATOR application. —EilER3-Tae0l N5
. EQUATION SOLVER
e Press > MATH > Numeric Solver ...

e ForEl, press > MATH > nDeriv( and then E1: D cvoly y

complete the command %(Yl) as shown.

X=X .
e For E2, enter 0. Ea
e Press NEXT [t5] and SOLVE [f5] to find a solution to the —
equation E1 = E2 for X.
NORMAL FLOAT AUTO REAL RADIAN MP D
Answer: The model predicts minimum height is 8 metres. At
d -
(b) To find the gradient when x = In(32): ax Y12|x=x=0
e press > MATH > nDeriv( and then complete the "X=0
d bl:lul'ld?: {-1£99, 1993
command — (Y1) as shown. "Ei-E2=0
d X=In(32) Y1(0) .
Answer: The gradient of the cable is 1.2. - I
ax 1x=1n32> s

(¢) To find the horizontal distance between the poles:
e Press [2nd][catalog][s] and locate the solve command, and olvn(V1=i1:%; “31of

then, using a guess of x = 3, enter solve(Y1-11, X, 3). -4, 20509661

e repeat the above solve command with a guess of x = -3 solve(Vi-11, %8028 os09661
solve(Y1-11, X, -3). 2-Ans

8.41019322

e Multiply the answer by 2 (for the distance between poles).  aAns-100

e Multiple that answer by 100 (to convert to centimetres). Rl 0t2322

Answer: The distance between poles is approximately 841cm.

(d) Construct a graph of y(x) as follows: e L LEOU LI O T, LEDELILE 0

e Press [¥=] and modify the equation as follows: Ya=dleTHX)gS)re (L X)P5IN/CXER and XS..
Y1 = 4(eX5+eX5)/(X 2 A and X £ B). I

e Press and enter the following values: \_/‘
Xmin =—6 Xmax =6 Xscl=1 1
Ymin =-1 Ymax =15 Yscl=2 1

e Press and then [trace]. 1

Note: Inequality & “and” symbols are found via [2nd][=s#>]. N
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5.2. Topic 2: Differentiation of trigonometric functions &
differentiation rules

5.2.1. Calculus of trigonometric functions
Modelling with trigonometric functions
Question

The concentration, C units, of a certain drug in the bloodstream ¢ hours after taking the drug can be

modelled by C(¢#) =0.4—-0.4cos (%t}, valid until all the drug is absorbed from the bloodstream.

(a) Find the time, in hours, after taking the drug at which C is at its maximum, and the maximum
value of C.

(b) The drug is ineffective when C < 0.4. After the drug is taken, for how long is it effective?

(c) Let a be the time (in hours) between the first and second dose of the drug. Create graphs to
explore the impact of various values of a on the effectiveness of the drug over the dosage time.

Solution
(a) The period and range of C are 8 hours and [0, 0.8] ‘
respectively. To plot a graph of C in a suitable window (make 120.4-0.dcos((X)/4)/(X20 and X<8)

sure calculator is RADIAN mode):

e Press |¥=] and enter the equation as follows:

Y1=0.4—-0.4cos (%) /(X=0and X<8).

e Press and enter the following values:

Xmin=— 1 Xmax =10 Xscl=1 x=4 v=0.8
) o o o AL
e

Answer: The maximum value of C is 0.8, at = 4 hours.

(b) To find the time when the drug is effective:
e Press [Y=] and enter the Y2=0.4/(X>0).

e Press and then [trace]. |
e Move the cursor to locate the points of intersection Ll
(displays the text Y1 MY2at such points). T x=2 | V=04
Answer: The drug is effective for 4 hours (from ¢ =2 to ¢ = 6).
5+A

(c) To explore the impact of varying a (time between doses):

o Enter Y3= 0.4—0.4cos(@j/(x > Aand X< A +8)

NORMAL FLOAT AUTO REAL RADIAN MP
NTS OF INTEREST TRACE
_>94=91¢93

-l
=]
!

e FEnter Y4=Y1+Y3.

The function Y4 represents the combined effect of the two
doses from ¢ = a to ¢t = 8 hours. Change the value of a to view
its effect on the effectiveness over the dosage time (for

example, enter 5 — A via the CALCULATOR application). T /
As an example, in the screen right, if @ = 5, the drug remains —{Hinimun A TETTeE
effective between ¢ =2 and ¢ = 11 (a total of 9 hours). ' '

<

:
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5.2.2. Differentiation rules
Analysing advanced functions

Question

The graph of the function f(x) = 2xel_x2 . Where 0<x< 3’ is shown right, NORMAL FLOAT AUTO REAL RADIAN MP 0

POINTS OF INTEREST TRACE
Y1=2Xe"(1-X"2)/(X20 and X£3)
L]

(a) Find the gradient of the tangent to f{x) at x = 1.

(b) Find the obtuse angle that the tangent to f{x) at x = 1 makes with the
positive direction of the horizontal axis (to nearest degree).

(c) Find the value of p for which the tangent to f{x) at x = 1 and the .
tangent to f(x) at x = p are perpendicular to each other (to 3 d.p.). ! =

(d) Find the coordinates of the point where the tangents to the graph of fix) atx=1andx=p
intersect when they are perpendicular. Give your answer correct to two decimal places.

Solution

e Press to select the CALCULATOR application. ‘—
e Enter "2Xe"® /(X>0and X<3)" - Y1. 5
n2xel™* sy,

(a) For the gradient of the tangent to f{x) at x = 1: 4 Done
e Press > MATH > nDeriv(, and then complete the ax (Y1 yg=q
-2

template as follows: i(Y1)|X =1. tan1(-2)

dx (n+-1.107148718)»°
116.5650512°

-1.107148718

Note: the nDeriv command can also be accessed via the

shortcut (alpha][{2].

Answer: The gradient of the tangent at x = 1 is 2.

(b) For the obtuse angle, use m = tan™' (6) as follows:
e Enter tan"'(-2).
e To find the obtuse angle, type (n+tan'l(—2)) but don’t

press [enter].

e Press [2nd][angle](5] and then press to convert the
radian answer to decimal degrees.

X INORMAL FLORT AUTO REAL RADIAN MP D
Answer: The angle that the tangent at x = 1 makes with the ENTER EQUATION E1=E2
e ) . . EQUATION SOLVER
positive direction of the horizontal axis is approximately 117
degrees. E1 %(“”x:x
(c¢) To find the value of p for which tangents at x =1 and x = p
. - 1/2
are perpendicular, use the fact that m, = —las follows: E2: /
m, :
e Press > MATH > Numeric Solver ... —
e For El, press Press > MATH > nDeriv(, and then o LR RERE TrOAE (]
d SOLUTION IS MARKED =
complete the template as follows: —(Y1)|X =X. N
dx SR Su =12
e ForE2, enter 1/2. = X= 0. 65525178940037
e For X (initial guess), enter 0. ETuEg?:m{ -1£99, 1993
e Press NEXT [t5] and SOLVE [f5] to find a solution to the N
equation El1=E2 for X. continued
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Solution (continued)
(d) The equations of the tangents at x = 1 and x = p can be
found by hand and rearranged to be solved simultaneously:
y=-2x+42x+y=4
y=05x+1.99 < -0.5x+ y=1.99
Solve this pair of linear equations simultaneously as follows:

e Press and select the SYSTEM SOLVER application.

e On the setup page:
o Set EQUATIONS =2.
o Set UNKNOWNS = 2.
o Set VARIABLES =x,y.
e Press NEXT [f5]. SYSTEM SOLVER RPP
e Enter the tangent equations in the form given above. SYSTEM OF EQUATIONS
e Press SOLVE [f5]. “ld  pE ~
The result displays the solution for x and y respectively. e I "'=m
Answer: x = 0.804, y = 2.392. Round the answers to show the  HisirTe R 0
point of intersection of the tangents is at (0.80, 2.39). SOLUTION
x5 0.804
y= 2.392
Note: Alternatively, the tangent lines and their equations can  [HZISFCMITEE LD 0
be found via a graphs page, and the point of intersection can PLOTI PLOT2 PLOT3
be found using [2nd][calc] (see right). Use Zoom Square to make =~~~ N I
he scal 1 o hiohlicht that th N iE2xel ™/ (20 and x<3)
tne scales equal to nighlignt tnhat tne two tangents are BN V2B -2%+4
perpendicular to each other. TENvsE@.SX+1.99 T
N Yag
B\ Ys=
"""" N Yes
CENY:=

INORMAL FLOAT AUTO REAL RADIAN MP
RESULT STORED TO ANS

Intersection LY T
X=0.804 ¥=2.392
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5.3. Topic 3: Further applications of differentiation

5.3.1. The second derivative and applications of differentiation

Analysing the graphs of the first and second derivative

Question

Construct a graphing template to view the graph of f{x) = 0.1(x — 1)(x + 2)(x — 4) alongside the

graphs of its first and second derivatives.

Solution

To enter equations for f{(x), as well as its first and second
derivative:

e Press |¥=] and enter the equation as follows:
Y1 = 0.1 X-1)(X+2) (X-4).

e Move to the line for Y2, and press > MATH >
nDeriv(, and then complete the template as follows:

Y2=£(Y1)|X= X.
dx

e Move to the line for Y3, and press > MATH >
nDeriv(, and then complete the template as follows:

Y3= i(Y2)|x= X.
dx

e Press > Zoom [-10,10].

The graphs of y = f(x) and its associated first and second
derivative graphs are now displayed in the standard viewing
window.

To improve the viewing window:

e Press and enter the following values:
Xmin=-5 Xmax =5 Xscl=1
Ymin= -4 Ymax =4 Yscl=1

To trace the values of the function, first and second

derivatives for a given x-value:

e Press [trace].

e Use the up or down arrow key to jump to the three
different graphs.

e Use the left or right arrow key to view these values for
different values for x (or enter a new x value directly).

Explore how the values of the first and second derivatives are
linked to function values for particular x-values.

Note: To display the grid lines, press (2nd[format] and set
GRID to LINE.

NORMAL FLOAT AUTO REAL RADIAN MP D
[o] TO EXPAND

PLOTI PLOT2 PLOT3
AN Y1B0.1(X-1) (X+2) (X-4)

n Vzai(vn|x

,,,,,,,,,,,,,,,,,, dX°OUTIR=X
d
I\ V3RS (Y2

NORMAL FLOAT AUTO REAL RADIAN MP
POINTS OF INTEREST TRACE
¥1=0.1(X-1)(X+2)(X-4)

NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
Yz=nDeriv(¥1,X.X)

1¥="5.28e"5

©2026 Texas Instruments
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5.4. Topic 4: Introduction to integration

5.4.1. Antidifferentiation
Solving kinematics problems with integrals

An ant is travelling along a straight path from point 4. The ant’s velocity (cm/min) is modelled by
v(t) = 24Jt, where ¢ is time (in minutes) for 0<¢<15.

A spider passes point A 10 minutes after the ant and follows the ant’s path. The spider moves with a
constant acceleration of 2 cm/min? and catches up to the ant at # =15 minutes.

Determine the spider’s velocity at point A.

Define the velocity of the ant’s as follows: [NORMAL FLORT RUTO RERL RADIEN MP—

e Press to select the CALCULATOR application. "2JX v Done
e Enter "2&"—>Y1. J;S(Yl)dx
For the total displacement of the ant from A4 after 15 minutes: —— 77.45966731
e Press > MATH > fnlnt( . Dene
15
e Complete the definite integral as follows: IO Y1dX.
Define the velocity of the spider as the antiderivative of the
spider’s acceleration 2 cm/ min?, which is 27 + c.
e Enter "2X+C" > Y2.
The total displacement of the spider from 7= 10 to 15 minutes bl Rt 0
equals the total displacement of the ant in # = 0 to 15 minutes, EQUATION SOLVER
so an equation can be solved for ¢ as follows: .
. El: J (Y2)dX
e Press > MATH > Numeric Solver ... 10
e ForEl, press > MATH > nDeriv( and then J.15
15 (Y1)dX
complete the command LO Y2 dXas shown. 2:10
e For E2, enter J:S Y1 dX. BEAll
e Press NEXT [f5] and position the cursor on the line for C. SOLUTION 16 HARKED & a
Press SOLVE [f5] to find a solution to the equation 115(92)“:{15(“ >l
El1 =E2 for c. 0 g
%= 10
Now the spider velocity at 4 (at ¢ = 10) can be calculated: =C= -9.508066538814
bounds= {-1e99, 1993}
e Press 2nd][quif] to display the CALCULATOR application. ~ *5'7F2=@
e Press [C]lenter] to show that the previous solution has been
stored as c. -
e Enter Y2(10). .
Answer: The spider’s velocity at A was approximately 10.5 Y2(10) 9508086539
cm/min. 10.49193346
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5.5. Topic 5: Discrete random variables

5.5.1. General discrete random variables
Finding the mean and variance of a discrete random variable
Question

A discrete random variable X has the following probability distribution:

X 0 10 20 30 40
Pr(X=x) 0.05 | 020 | 0.35 | 0.25 | 0.15

(a) Calculate the value of E(X) and Var(X), and the bounds within which 95% of the values of X
are expected to lie.
(b) Create a graph of the distribution of X.

Solution

(a) Enter the values of X and the probabilities, and calculate

statistics as follows:

e Press to select the CALCULATOR application. | g ps.0.20.0.35.0 55.0 1530ip

e Enter {0,10,20,30,40} -  X. 0:05:0.2,0.35,0.25,0.15)

L
e Enter {0.05,0.2,0.35,0.25,0.15}—> .P. 1
sum{LX " LP)2E

Note: The small ‘L’ symbol (via [2nd]list] > OPS > ) permits 5 5 22.5

the user to name a list variable with more than one letter. sun(LxZ-1p)-E2 118,75

e Enter sum(.P) to check the values in prob sum to 1.

e To define E(X), enter sum(1X LP) = E. NORMAL FLOAT AUTO REAL RADIAN MP 0

e To define Var(X), enter sum(.X?.P) > V. {e-2{V ,E+2{V}

e To estimate the bounds for 95% of the values of X, enter oun dggéz?ggszszs, 44.29449472)
the command {E-Z\/V,E+2\/V}. £0.71.94.28>

-

- o LT T SR ]
Note: The answers can be rounded to two decimal places by

typing round(ans,2). 1-Var Stats

%= 22.5
Answers: E(X) =22.5: Var(X) = 118.75 2>2<f 22.5
Estimate of 95% bounds are {0.71, 44.29}. Ze- 823
Note: The value of E(X) and Var(X) can also be found by 6:: 1'89724736
pressing > CALC > I-Var Stats, and then set LIST = 1 X minX= @
and FREQLIST = P. See results screen right. 0:= 15 .
(b) To create a plOt of the distribution of X: INORMAL FLOAT AUTO REAL RADIAN MP D
e Press [2nd][plot=] and select PLOT1, and then edit the ST

following settings. 4 i

o Set PLOT = ON.

For TYPE, select the Scatter Plot.

For XLIST, press [(2nd]llist] > NAMES > X.

For YLIST, press (2nd]llist) > NAMES > P.

For MARK, select the hollow square mark. &
o For COLOR, select BLUE. — X=20—— +¥=8.35—+ X

e Press > Zoom Stat to view the scatterplot.

A plot of the distribution of X will be displayed.

O O O O
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5.5.2. Bernoulli distributions
Finding E(X) from SD(X)

Question

Let X be a Bernoulli random variable. If SD(X) = 2/5, find the possible values of E(X).

Solution

SD(X) :\/p(l—p) =2/5,s0Var(X) = p(1-p)=(2/5)".
To solve for p numerically with an initial estimate of p = 0:
(returns only single result):

e Enter solve(P(1-P) — (2/5)%, 0).

To solve for p numerically with an initial estimate of p = 1:
(returns only single result):

e Enter solve(P(1-P) — (2/5)%, 0).

Answer: Since E(X) = p, E(X) = 1/5 or 4/5.

Note: The solve command can be accessed via [2nd][catalog].

NORMAL FLOAT AUTO REAL RADIAN MP D

sulve[P(l—P)—[% ]2, P, ]

snlve[P(l—P)—[%]z,P,l]

The command is solving the equivalent equation p(1- p)—(2/5)* =0.

5.5.3. Binomial distributions
Visualising the distribution of a binomial random variable

Question

Create commands to list and graph the distribution of a binomial random variable.

Solution

Create commands to generate values for a binomial random
variable with a given n and p value.

e Press to select the CALCULATOR application.
To generate a list of 7 values, enter the following command:

8>N: %—)P: seq(X,X,0,N,1) > | R.

To generate a list of binomial probabilities, enter the
following command:

vCy, XPx(1-P)"'* - PROBS.
e Enter the command round (Ans,4) round to 4 d.p..

To create a plot of the distribution of X:
e Press [2nd][plot=] and select PLOT1, and then edit the
following settings.
o Set PLOT = ON.
For TYPE, select the Scatter Plot.
For XLIST, press (2nd]list) > NAMES > R.
For YLIST, press (2nd]list > NAMES > PROBS.
For MARK, select the hollow square mark.
o For COLOR, select BLUE.
e Press > Zoom Stat to view a plot of the distribution
of X will be displayed.

O O O O

NORMAL FLOAT AUTO REAL RADIAN MP D

BNz 3P:seq(X, X, 0,N, 1)+1R
{0,1,2,3,4,5,6,7,8)
NC (Lry “P R+ (1-PyN"LRs proBS
[BS6L 2187 stg3 1701 2
65536 * 8102 * 16384 ’ 8192 * 32

round(Ans, 4)
{0.1001,0.267,0.3115,0.2076,»

NORMAL FLOAT AUTO REAL RADIAN MP D

Plot1:R,PROBS
y X

a X

©2026 Texas Instruments
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Solving binomial random variable problems

A salesperson has a 30% probability of making a sale to each customer who enters the store.
Each sale is independent of all other sales. Determine the:

(a) probability that the number of sales exceeds 20 on a day when 40 customers enter the store.
(b) mean & standard deviation of the number of sales on a day when 40 customers enter the store.
(¢) number of sales expected on 95% of days when 40 customers enter the store.

(d) minimum number of customers who would have to enter the store to have a 90% chance or
more of making at least one sale.

For parts (a) to (c), X is the number of sales on a day when 40

customers enter the store, so X ~ Bi (n =40,p = 0.3) SN 0.3
. . binomcdf (N,P,21,40)

(a) P(X >20)can be found using the following command: 0.0024193599

e Press to select the CALCULATOR application. NPt 12

e Press [alpha][distr] > Binomial > binomcdf{(. NP (1-P) »5

2.898275349
e Complete the command binomcdf(N,P,21,40).

Answer: P(X >20)=0.0024.

(b) The mean number of sales can be found using the formula  rrETEREDZ

E(X)=np, and the standard deviation can be found using the binomcdf (N.P. 21, 48) 9.2
formula SD(X) =, /np(l -p). — 0.0024193599
e To store E(X) as E, enter NP>E. REAEEEE A%
e To store SD(X) as S, /NP(1-P) —S. 2.898275349

Answer: E(X)=12; SD(X)~= 2.898.

(¢) Assuming that the distribution of sales is reasonably
symmetric about the mean sales (see plot shown on the screen
right), it can be estimated that on 95% of days when 40
customers enter the store, the number of sales will be on the

interval [E(X)—2xSD(X), E(X)+2xSD(X)].

e To calculate the 95% bounds for X rounded to nearest
whole numbers, enter round({ex-2*sdx,ex+2*sdx},0). round ({E=25,E+25},0)

Answer: The 95% bounds for sales are {6,18}.

(d) To find the minimum number of customers who would

have to enter the store for there to be a 90% chance of at least

{6,183

one sale, let X ~ Bi(custo, p=0.3) and P(X >1)>0.9. SN:binomedf (N.P.1,N)
To find the minimum number of customers (by guess, check 6+N:binomedf (N,P,1,N) 0. 882351
and improve): 7sN:binomcdf (N,P,1,N)

e Enter binomcdf(custno,0.3,1,custno)|custno=5. 9.9170491

. o |
e Increment custno until the probability exceeds 0.9.

Answer: The minimum number of customers is 7.
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Unit 4: Further calculus, trigonometry and statistics
6.1. Topic 1: Further integration

6.1.1. Fundamental theorem of calculus and definite integrals

Using sums of the form )" f(x,)dx, to estimate the area under the curve y=f(x)

Question
Consider the region bounded by the curve f'(x)=1- x> and the 3}‘ Tr:"nuzrsur e[
coordinates axes.
Estimate the area of this region using sums of the form Zi f (xl. ) ox,
where x, =0.25, x, =0.5, x, =0.75 and x, =1.
| xe0.25 ¥=0.9375 x

Solution

Let A denote the area of the region.

e Press to select the CALCULATOR application.
e Enter the function "1- X*'— Y1.

The sum of the rectangles (an estimate for A4 ) is given by:

A=Y f(x)6x,

= £(0.25)x0.25+ /(0.5)x0.25+ f(0.75)x0.25+ f(1)x0.25

~025(7(025)+ £ (05)+£ (0.75)+£ ()

=0.53125 "1-x2avs
: Done
e Enter either the line 2 expression or the line 3 expression ~ 2-23(¥1(0.23)+¥1(D.5)+¥1(0.75)%
from above. The line 3 expression is shown at right. AnsPFrac .
To represent the estimate as a fraction: 2

¥1({0.25,0.5,0.75,12})
{08.9375,0.75,0.4375,02

e Press [2nd|[Ans] > [math) > MATH > [»]Frac (or press [0]). o

: : . .17
As a fraction, an estimate for 4 using these rectangles is =

square units.

Note: If intermediate function values are required, enter as
shown on the fourth entry line of the screenshot at right.
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The area under a curve of a continuous nonnegative function f' (x) between x =a and x =5 can

be approximated with # rectangles and Jox = b-a

n
The left endpoint approximation, L,, is givenby L = Z f (a + (i - 1) 5x)§x.

i=1

The right endpoint approximation, R ,is givenby R = Z f (a + i5x)5x.
i=1
In the previous example, a right endpoint approximation, R,, was used.

In that example, R, =0.53125 < 4 as the function f is decreasing on the interval [O, 1].
When the number of rectangles (of equal width) is increased and a smaller value for ox (rectangles

of smaller width) is used, a better approximation to the area A4 is obtained.

In the next example, the number of rectangles is increased.

The right-endpoint approximation, R, of the area bounded by the curve f(x)=1-x" and the

n -\2
coordinate axes with n rectangles is Z 1—(1) (lj
n n

i=1

Here is a representation of Ry. Here is a representation of R2o.

NORMAL FLOAT AUTO REAL RADIAN MP 0 NORMAL FLOAT AUTO REAL RADIAN MP 0
POINTS OF INTEREST TRACE POINTS OF INTEREST TRACE
Viml-x"2 RR AREA= 0.53125 Veml-X"2 RR AREA= 0.64125
A=0 A=0
B=1 "‘--—-,_b B=1
N=4 e N=20

| X=8.25 ¥=8.9375 ) X=8.85

The left-endpoint approximation, L , of the area bounded by the curve f (x) =1-x" and the

i=1 n

n P 2
coordinate axes with n rectangles is Z 1—(Qj (lj

Here is a representation of Ls. Here is a representation of L.

NORMAL FLOAT AUTO REAL RADIAN MP |:| NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE POINTS OF INTEREST TRACE
¥1=1-%X~2 ¥1=1-X~2
LR ARERA= 0.78125 LR AREA= 0.69125
A= A=0
B=1 Ainne™ B=1
N=4 B N=28
| X=8.25 ¥=0.9375 J | | |x=8.85 ¥=0.9975

In this example, L, =0.78125 > A as the function f* is decreasing on the interval [0, 1].
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Recognising the definite integral as a limit of sums of the form Zi f (xl. ) ox,

1

Question

Consider the region bounded the curve f (x) =1—x" and the coordinates axes.
(a) Estimate the area of this region using sums of the form Zi f (xl. ) ox, where
(i) x,=0.1,x,=02,..., x,=09 and x, =1.

(i)  x =001, x,=0.02, x,, =0.99 and x,,, =1.
(i) x, =0.001, x, =0.002, x,, =0.999 and x,,, =1.

1
(b)  Find I (1 —x’ ) dx and compare this value with the estimates found in part (a).
0

Solution

(a) Let A denote the area of the region. A ~ Z f (xi)ﬁxi.

i=1
e Press to select the CALCULATOR application.
e Enter the function "1-X*" — Y1.

- P T
To calculate this sum:

LLE 2||
e Press > MATH > summation. X Done
e Complete the summation template as shown right. oon: N [[1_[ I ]2] 1 ]
- N N
The following estimates are obtained: = 0.615
: : N 11?].1
()  With n=10, R, =0.615. oon: 1 ([1-(3)°)-4)
(i)  With =100, R, =0.66165. 066165

(iii)  With n=1000, R, =0.6661665

Note: If required, press [@on)], select Settings and then select
Document Settings. Change Display Digits to Float.

(b) The required region lies entirely above the x-axis and can
therefore be calculated using a single definite integral.

e Press to select the CALCULATOR application.
e Press <MATH < folnt(.

1
e Complete the integral template as shown right. I gt iAdex
1 0. 6666666667
2 AnsPFrac
0 2 _“ 2
Answer: So I(l X )dx— o -

0
From part (a), }ll_)n;lo R =4= %
The exact area is equal to the limit as n —ooof R (or L,).
Visualising the area under the curve y=f(x) using right endpoint approximation
Question

Consider the region bounded by the curve f (x) =1-x? and the coordinates axes (as per the

previous question). Write a program in TI-Basic to visualise and calculate the area under the curve
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using the right endpoint approximation. Test the program for a =0, b =1, and n = 4. Then
experiment with different » values, and come up with an estimate of the actual area under the curve.

e Press to select the CALCULATOR application.

e Enter the function "1-X*" — Y1.

n1-x2usyy
To set the viewing window: Done
e Press and enter the following values: s U L G LU 0
Xmin= 0 Xmax = 1.25 Xscl =0.25 y ¥1=1-X"2
Ymin =0 Ymax = 1.25 Yscl=0.25
e Press to view the graph.
To construct a program in TI-Basic to visualise and calculate
the area under the curve using the right endpoint
approximation: -
e Press > TI-Basic > New. | X=8.5 | v=0.75 X
e Enter the program title RIGHTREC. NORHAL FLORT AUTO RERL RA0I WP 0
g EDIT MENU: [alphal [f5
e Enter the commands exactly as shown right. PRHERAN RIGHTREE
Key sequences for entering selected program commands: fgi"gome
e For Cerome, enter >1/0O > ClrHome. ;Di;pr'a'.:IGHT RECT RAREAR"
e For ClrDraw, enter [2nd]draw] > ClrDraw. f?gfg?;NﬁﬁB’ N
e For Prompt, enter >1/O > Prompt. tAD
e For the For loop, enter > CTL > For(. ;g::"E
e For line drawing command to constructing the :[9r(161éN61 3, .
rectangles, enter 2nd][draw] > DRAW > Line(. ;L;::ﬁnj Vi (E) ’é .l: (E))
e For Y1, enter [alpha][f5]1]. :Iﬁi:e‘EEEZ;(E)’E’m
:R+H- >
e For DispGraph, press > 1/0 > DispGraph.  DtiaD
e For Text, enter [2nd][draw] > DRAW > Text(. fE::"E
e For Pause, enter > CTL > Pause. :DispGraph
:Text (10,200, "RR AREA=")
To execute the program RIGHTREC and test it by drawing :Text(10,265,R)
rectangles representing the right endpoint approximation for E:: gg g?g nF)‘_ )
a=0,b=1, and n =4, complete the following steps: :Text (40,200, "B=")
e Execute the program by pressing o oa 2an e
o [alpha]lf5] (if inside the program code) or : Text (55,215, N)
o > TI-Basic > EXEC >RIGHTREC (if e
outside the program)
NORMAL FLOAT AUTO REAL RADIAN MP
e Fora,enter4=0. POINTS OF INTEREST TRACE a
Y1=1-X"2
e For b, enter B=1. RR IRER- 0.53128
e Forn, enter N =4. hen

Answer: For n = 4, the area using right endpoint
approximation is 0.53125 (as found previously). Larger values
of n (e.g. n =100, n = 1000) suggest that the area under the
curve approaches a value of 2/3 square units.

X=0.25 ¥=0.9375
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Estimating areas: A general result

The right endpoint approximation, R, can be used to
approximate an area under a curve as follows: n1-x2nsy,
Done
n b—a @A 15B:43N: (B-R)/N+H
R, =) f(a+iw)w where w= : \ 0.25
=1 " L2, (V1R W)
e Enter the function "1-X*" — Y1. 0.53125

e Enter values for a, b, n and w as follows: 0—)A:1—)B:4—>N:(B—A)/N—>W.

e Press > MATH > summation.
e Complete the summation template as shown right.

This mirrors the method for calculating R used in the TI-Basic program in the previous example.

Finding the area under the curve y = f(x) between x = a and x = b if f(x)>0 over this interval
Question

Find the area of the region enclosed by the curve of the equation y = 2¢>* +1 , the coordinate axes
and the line x =1. Give your answer correct to three decimal places.

Solution

The required region lies entirely above the x-axis and can
therefore be calculated using a single definite integral.

e Press to select the CALCULATOR application.
e Press [math] < MATH < fnlnt(.
e Complete the integral template as shown right.

1
1 La(ze “3%41)ax
Answer: j(2e‘3" +1)dx =1.633 (sq. units) (correct to 3 d.p.). 1.633475288

round(Ans, 3)
U 1.633

Note: The answer can be rounded to three decimal places by
typing round(ans,3). The round command can be found via
> NUM > round(.

Alternatively the area can be found graphically:
e Press Y9 and enter Y1=2¢ X +1.

To set the viewing window: Resuit sonmo os (O
Y1=2e"(~3X)+1
e Press and enter the following values:
Xmin=-0.5 Xmax=1.5 Xscl=0.5
Ymin = -1 Ymax =5 Yscl=1
e Press [graph), then to select the integral tool, press

2nd][calc][7).
e Type 0 for the Lower Limit and press [enter]. P T
e Type 1 for the Upper Limit and press [enter]. ol 1

The required region is shaded and the area displayed.
Answer: The area is 1.633 (sq. units) (correct to 3 d.p.).
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6.1.2. Applications of integration
Calculating the area enclosed by a curve and the x-axis over a given domain
Question

Find the area of the region enclosed by the curve y = cos(2x), the x-axis and the lines

2 .. .
x=0 and x = 3 Give your answer correct to two decimal places.

Solution

The area is made up of one region above the x-axis and one region below the x-axis. The absolute
value function can be used to reflect in the x-axis any points that with a negative y-coordinate.

Graphical method
e Press [¥=] and position the cursor on Y1 line then press LI FIT GO T TR D 0
> NUM > abs(. PLOTI PLOT2 PLOT3

e Complete the absolute value template to enter the function = ®\ YiElcos(2X)1
Yl= |cos(2X)| :

Note: A shortcut to the absolute value template is [alpha][f2].
NORMAL FLOAT AUTO REAL RADIAN MP

To set the viewing window: RESULT STORED TO ANS
i g ¥1=abs(cos(2X))
e Press and enter the following values: 1=abs(cos

Xmin =0 Xmax = 1 Xscl=n/4
Ymin=-1.5 Ymax=15 Yscl=0.5

e Press to view the curve.

e Press [2nd][calc](7] to select the integral tool.

e Type 0 for the Lower Limit and press [enter].

Sf(x)dx=1.4330127

e Type 277[ for the Upper Limit and press [enter]. [2:2.890385L

The required region is shaded and the area displayed.
Answer: The area is 1.433 (sq. units) (correct to 3 d.p.).

Numericmethods

e Press to select the CALCULATOR application. Iﬂ/4 Ceos (2X) X - IZﬂIS Ccos(ZX)
e Press > MATH > fnlnt(. o /4

. : i . i oh 1.433012702
e Complete the integral template as shown below and right. I;“’S(lcas @O 1ydx

z %” 1.433012702
Either: [ (cos(2x))dx— [ (cos(2x))dr=1.43 (to 2d.p.).

0 V4

, 3
Or: _3{ (|cos(2x)|)dx =1.43 (correct to 2 decimal places).

0

Note: A shortcut to fnlnt( is via [alpha][f2].
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Calculating the area between curves

Question

Find the area of the region enclosed by the line y = 2x and the curve y = %xz( to 2 d.p.)

Solution

First view the graphs of these equations.

e Press |¥=] and enter the following equations:

o Y1=2X
o Y2=1X2
2

e Press >Z7Z00M > Zoom [-10,10].
e Press [2nd][calc] > intersect and follow the prompts.

The two graphs intersect at (0,0) and (4,8).

e Press to select the CALCULATOR application.

e Press > MATH > fnlnt(.
e Complete the integral template as shown right.

4

Answer: j(Zx — %xz ) dx =5.33 (correct to 2 decimal places).

0

Note: The x-coordinates of the points of intersection can also
be found with the POYNOMIAL ROOT FINDER application,
by solving the polynomial equation 1/2x* —2x =0 for x. The
screens shown right show how this might be done.

NORMAL FLOAT AUTO REAL RADIAN MP
RESULT STORED TO ANS

Intersection
X=4 i ¥=8

4
Ja(zx—xz/z]dx

5.333333333

NORMAL FLOAT AUTO REAL RADIAN MP D
POLYNOMIAL ROOT FINDER APP

POLYNOMIAL - ORDER 2
1 -
? X2 - 2 X 8=0
Press [+] or [-]

RUIT SETUP RESET LOAD SOLVE
NORMAL FLOAT AUTO REAL RADIAN MP D
POLYNOHMIAL ROOT FINDER APP

1y2_ -
> X 2 X+ 8=0

x1g 0

x2= 4

RUIT SETUP COEFF STORE “»

©2026 Texas Instruments
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Using the trapezoidal rule to approximate an area

Use the trapezoidal rule with four strips to find an approximate value for J.log10 (x) dx.
1

Let 4 be the area calculated using the trapezoid rule approximation as follows:

b

A:If(x)dxz%[f(xo)+2(f(xl)+f(x2)+...+f(xn_1))+f(xn)}where w=

b—a

n

; 2-1
Here, !mg10 (x)dx zm[f(1)+2(f(1.25)+f(1.5)+f(1.75))+f(2)] ~1.667.
The TI-Basic program uses an alternative form for the trapezoidal rule.

b

B S e

a

: 3 3 : NORMAL FLOAT AUTO REAL RADIAN WP
To construct a program in TI-Basic to Vlsuahse and calculate  [rmtiipaddl Lill 0
the area under the curve using the right endpoint ¥i=109(x,10)
approximation:

e Press > TI-Basic > New.
e Enter the program title TRAPRULE.
e Enter the commands exactly as shown right.

Key sequences for entering selected program commands:

e For ClrHome, enter >1/O > ClrHome.
e For Cerraw, enter -[draw] > ClrDraw. NORMAL FLl][HT nu'r::) [g:n]L RADIAN MP D
EDIT MENU: [alphal [f5
e For Input, enter > CTL > Input. SO ERRTTREETITE
e For Prompt, enter > 1/0 > Prompt. :ClrHome
e For Y1, enter [f5] >Y1. :giSptllTEg: RUbE APPROX"
. . :Input " =", Y1
e For Disp, press >1/O > Disp. :Prompt A,B,N
: (B-R) /NH
Now execute the program TRAPRULE and use the (- ((Y1(R)+Y1(B))/2+3 (Y1 (A+IH),
trapezoidal rule with four strips to find an approximate value fﬁi;:_ﬁ%ggp ARER="
:Disp T

for I log,, (x)dx:

NORMAL FLOAT AUTO REAL RADIAN MP D

. Execute the program by pressing TeRR RILE RPPROX

o [alphallfs] (if inside the program code) or EON="1og(X,10)"
o > TI-Basic > EXEC >TRAPRULE e
(if outside the program) . N?4
For equation, enter “log(X,10)” . TRAP HRER= 0. 1666385796
For a, enter 4 = 1. Done

For b, enter B=1. I
For n, enter N = 4.

Answer: Area = 0.1667 (correct to 3 decimal places)

Note As this curve is concave down, the trapezoidal rule underestimates the integral.

Iloglo dx 0.167, correct to 3 decimal places.
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6.2. Topic 2: Trigonometry

6.2.1. Cosine and sine rules
Using the cosine rule

Question

For triangle ABC, find the size of the largest angle. Give your answer correct to the nearest minute.

Solution

The largest angle is always opposite the longest side so the
angle at C is required.

Use the cosine rule as three side lengths are known.

Substituting into the cosine rule gives
4* =2°+3%-2(2)(3)cosC.

To solve for C (ensuring that calculator is in DEG mode):

Press > MATH > Numeric Solver ...

For E1, enter 4%

For E2, enter 2% + 3% — 2(2)(3)cos(X).

Press NEXT [f5] and SOLVE [f5] to find a solution to the
equation E1 = E2 for X.

This gives the answer X = 104.4775 ... degrees. To convert
this answer to degrees, minutes and seconds:

e Press to select the CALCULATOR application.

e Press and then press [enter].
e Enter [2nd]langle] > DMS to convert the previous answer to
the required form.

Answer: Solving 4° =2% 4+ 3* —2(2)(3)cos C for C with
0°< C<180° gives C =104°29', correct to the nearest
minute.

Note: To change between RAD and DEG modes, press
and select the desired angle setting.

NORMAL FLOAT AUTO REAL DEGREE MP D

ENTER EQUATION E1=E2
ERUATION SOLYER

42

El:

E2: 22432-2(2) (3)cos (X)

NEXT

NORMAL FLOAT AUTO REAL DEGREE MP
SOLUTION IS MARKED =

=

42222432-2(2) (3)cos (XD
= %= 104.47751218593

bounds= {-1£99, 1993}
sE1-E2=0

SOLVE

NORMAL FLOAT AUTO REAL DEGREE MP D

X

104.4775122
AnsPDMS
104°28'39.044"

©2026 Texas Instruments
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Finding the area of a triangle
Question
Find the area of triangle ABC . Give your answer in cm? correct to one decimal place.
A
68°
4 cm
B C

Solution 7cm

As the angle between the two side lengths needs to be sl il T LTI PR L 0

calculated, use the sine rule to find angle B and hence angle C. EQUATION SOLVER

To solve for B (ensuring that calculator is in DEG mode): E1:7/81n(68)

e Press > MATH > Numeric Solver ...

e For El, enter 7/sin(68). 4/sin(X)

e For E2, enter 4/sin(X). E2:

e Press NEXT [f5] and set a starting value X = 1 (or any

small positive value) NEXT
e Press SOLVE [f5] to find a solution to the equation S (T LG DT PEETEE L 0

El1 =E2 for X.

Answer: Solving for B with

sin (68°) - sin(B)
0°< B <180° gives B=31.993...°.
Note: B #148.006...°as a triangle’s angle sum is 180°.

Using A+ B+C=180°,

e Press to select the CALCULATOR application.

e Press and then press [enter].
e Enter C=180° —(68° + 31.993...°) =80.006...°

Substituting into A4 = %ab sin C gives:

e Enter 4 :%x7x4sin(Ans) =13.787...

The area of the triangle is 13.8 cm?, correct to 1 decimal
place.

Note: The answer can be rounded to one decimal place by
typing round(ans,1). The round command can be accessed via
the key sequence > NUM > round(.

7/s5in(68)=4/sin(X)

= ¥X=31.993249542183
bounds= {-1£99, 199}
sE1-E2=0

SOLVE

NORMAL FLOAT AUTO REAL DEGREE MP D

%

31.99324954
180-(68+X)

80. 00675046
%'7'4'sin(ﬂns)

13.78759487
round(Ans, 1)

13.8

©2026 Texas Instruments

Wi TEXAS INSTRUMENTS



QCE Mathematical Methods Unit 4

Page 60

6.3. Topic 3: Continuous random variables & normal distribution

6.3.1. General continuous random variables

Performing calculations involving probability density functions

Question

A continuous random variable X has probability density function f* defined by

 Jkx(2-x), 0<x<2
f(x) _{ 0, otherwise

where £ is a real number.

(a) Find the value of £.

2
(b) Plot the curve y = f'(x) and verify graphically that J- f(x)dx=1.
0

(¢) Find P(1.2 <X< 2).
(d) Find E(X).
(e) Find Var(X).

Solution

The probability distribution of a continuous random variable
X isafunction f(x), called a probability density function,
such that f'(x)>0 for all real x and jf(x)dx =1.

e Press [Y=] and position the cursor in the Y1 line.

e Press > MATH > piecewise( and set PIECES = 2.
o Complete the piecewise template as shown right.

Note: For inequality symbols and “or”, press [2nd|[=<#>].

As probability is given by the area under the curve y = f' ( x)

and the sum of probabilities is 1, then the total area under the
curve y = f'(x) must be 1.

2
To solve for k in the equation I f(x)dx=1:
0

e Press > MATH > Numeric Solver ...
e ForEl, press > MATH > fnInt( and then complete

2
the expression J Y1dX.
0

e For E2, enter 1.
Press NEXT [f5] and set a starting value K =1 (or any
small positive value) .

e Press SOLVE [f5] to find a solution to the equation
El =E2 for k.

2
Answer: Solving If(x)dx =1 for k gives k = % =0.75.
0

[NORMAL FLOAT AUTO REAL RADIAN MP D

[o] TO EXPAND
PLOT1 PLOT2 PLOT3

KX(2-%);  D<X<2
" ‘“E{ 0;  X<0 or X>2

NORMAL FLOAT AUTO REAL RADIAN MP D

SOLUTION IS MARKED =
2
Y1)dX=1
LZl( 1)
= K= 0.74999999999998
=0

bounds= {-1£99, 1993}
sE1-E2=0

SOLVE

... continued

©2026 Texas Instruments
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Solution (continued)

Note: As well as solving for k, the solver stores that value in
the letter K (see screen right). This is very useful for use in the

following question parts.

(b) To view a graph of this continuous pdf:

First set the viewing window:

e Press and enter the following values:
Xmin =-0.2 Xmax = 2.5
Ymin =-0.1 Ymax =1.5

e Press to view the curve.

2
To check graphically that j f(x)dx=1:
0

e Press [2nd][calc](7] to select the integral tool.
e Type 0 for the Lower Limit and press [enter].
e Type 2 for the Upper Limit and press [enter].

Answer: As expected, the area is 1.

(c) On the same Graphs page that was used for part (b):
e Press [2nd][draw] > ClrDraw to remove the previous

shading and area calculation.

e Press [2nd][calc](7] to select the integral tool.
Type 1.2 for the Lower Limit and press [enter].
e Type 2 for the Upper Limit and press [enter].

2
Answer: P(12<X <2)= If(x)dx
1.2

=0.352

Alternatively:

e Press to select the CALCULATOR application.
e Press > MATH > fnlnt(.
e Complete the integral template as shown right.

Answer: P(1.2 <X< 2) =0.352 as before.

Xscl =0.5
Yscl=0.5

K

NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
Y1={[KX(2-X)1;[82X<2],[8];[X<B or X>2]

X=1" ' y=0.75

NORMAL FLOAT AUTO REAL RADIAN MP
RESULT STORED TO ANS
Y1={[KX(2-X)1;[82X<2],[8];[X<B or X>2]

=

P

| SF(x)dx=1
[8,2]

NORMAL FLOAT AUTO REAL RADIAN MP
RESULT STORED TO ANS
Y1={[KX(2-X)1:[82X<21,[8]:[X<B or X>2]

=

Sf
[1.

g

(x)dx=8.352
,2

NORMAL FLOAT AUTO REAL RADIAN MP

N‘
-

(Y1)dX
11.2 !
0.352

.. continued
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(d) The expected value is given by E =Uu= j X f

To calculate the mean:

e Press to select the CALCULATOR application.
e Press > MATH > folnt(.
e Complete the integral template as shown right. Is(x ¥1)dX

£(0)=[es

The curve y = f(x) for 0 <x <2 is part of a parabola which
is symmetrical about x=1.

For a symmetrical pdf, the mean is the x- value corresponding
to the line of symmetry.

(e) The variance is given by

o0

Var(X)=0" = I(x—y)2f(x)dx.

To calculate the variance:

e Press to select the CALCULATOR application.
e Press > MATH > fnlnt(.
e Complete the integral template as shown right.

. . K 2 .
Either using Var(X)— J;(X—,U) f(x)dx. E((x—nz-vx]dx

2 0.2
Var( ) '[( )fx)
e
5
Or using Var(X)=_[ f(x)dx— Iz(xz vt )12
2 o U
0.2

Var(X)=j‘x2f(x)a'x—l2

(=]
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Performing calculations involving cumulative density functions
Question

The lifetime, X , in tens of hours, of a battery has a cumulative distribution function, F'(x), given
by

(a) Plot the curve y=F(x).
(b) Find P(X > 1.2). Give your answer correct to three decimal places.

(¢) Find the median of X . Give your answer correct to two decimal places.
A torch runs on four of these batteries, all of which must be working.
Four new batteries are put into the torch.

(d) Find the probability that the torch will still be working after 12 hours of use. Give your answer
correct to three decimal places.

Solution

The cumulative probability distribution function (cdf) of a
continuous random variable X is a function F (x) such that

F(x)=P(X <x) forall real x.

A cdf describes the probabilities of a random variable having
values less than or equal to x.

It is a cumulative function because it sums the total
probabilities up to that point. Its output always ranges
between 0 and 1.

(a) First construct the piecewise function as follows: Lol T0 EXPAND o 0
. . ) PLOTI PLOT2 PLOT3

e Press [Y=] and position the cursor in the Y1 line. e o T wei

e Press > MATH > piecewise(. B\ Y1B{4/9-(x%+2x-3) ;15%<1.5

e Set PIECES =3. Li 2]

o Complete the piecewise template as shown right.

Note: For inequality symbols and “or”, press [2nd|[=<#>].
NORMAL FLOAT AUTO REAL RADIAN MP

To view a graph of F(x): POINTS OF INTEREST TRACE a
Y1={[81[X<11,04/9-(X~2+2X-3)J;[1SX51.5],.

First set the viewing window:

e Press and enter the following values:
Xmin =-0.5 Xmax = 2.5 Xscl=0.5
Ymin =-0.2 Ymax = 1.5 Yscl=1

e Press to view the curve.

The required graph is displayed in a suitable window.

... continued

Wi TEXAS INSTRUMENTS

©2026 Texas Instruments



QCE Mathematical Methods Unit 4

Page 64

(b) To calculate P(X >1.2)

e Press to select the CALCULATOR application.
e Enter 1 - Y1(1.2) as shown

Answer: P(X >21.2)=1-F(1.2)

=0.627  (correct to 3 d.p.)

Note: To obtain this probability as a fraction, press [0].
Alternatively, using a pdf:

The pdf, f (x), can be found from the cdf, F (x), by using
d
=—|(F .
f(x)=—(F(x))

e Press > MATH > folnt(.
e Position the cursor inside the brackets, and then press
> MATH > nDeriv(.
e Complete the integral and derivative templates as shown.

1.5
Answer: _[ g(x+1)dx =0.627, correct to 3 d.p.
1.2

(¢) To find the median, plot the horizontal line Y2 =0.5 and
find the point of intersection of the line and the cdf curve:

e Press (¥ and position the cursor in the Y2 line.
e Enter Y2=0.5.

To find the point of intersection:

e Press [2nd][calc] > intersect.
e For Guess, type 1 and [enter].

Answer: Let m be the median.

Solving g(m2 +2m—3)=0.5 for m with 1<m <1.5 gives

m =1.26, correct to 2 decimal places.

Note: The intersection point can also be found in the
CALCULATOR application, via the numerical solve command
(found via [2nd][catalog). Recall that to solve Y1 = Y2, the solve
command requires this to be expressed as the LHS of the
equation Y1 — Y2 = 0.

(d) (0.6266...)4 =0.154 (correct to 3 decimal places).

NORMAL FLOAT AUTO REAL RADIAN MP D

1-¥1(1.2)
0.6266666667
1-¥1(1.2)
47
75

Ii-S[ﬁ("‘)lx:x]dx

1.2
0.6266666667

NORMAL FLOAT AUTO REAL RADIAN MP D
RESULT STORED TO ANS
Y1={[01;[X<11,[4/9-(X"2+2X~-3)}i[1£X£1.5]....

——Intersection

X=1.2638463 ¥=0.5

solve(Y1-Y2,X,1)
1.263846285

0.6266666667 %
0.1542220168

©2026 Texas Instruments
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6.3.2. Normal distributions

Recognising features of the graph of the normal distribution probability density function

If X is a normally distributed random variable with mean g and standard deviation o, then the

probability density function of X is

f (x) _ 1 e_%[%jz )

o227

A random variable Z with the standard normal distribution has probability density function

1
_722

— ez_

f(Z)—\/Z

The standard normal distribution has mean x# =0 and standard deviation o =1.

The TI-84 Evo has a Normal Pdf command which can be used to plot the graph of a normal
probability density function. For a normal distribution with mean x and standard deviation o, the

syntax is normalpdf (x, 4,6).

Question

Use the normalpdf command to explore how changing the values of x# and o affect the behaviour

of the normal probability density curve.

Solution

Note: In this example, the parameters used on TI-84 Evo will be denoted by A(for u ) and B(for o ).

First construct the standard normal curve as follows:
e Press [Y=] and position the cursor in the Y1 line.
e Press [alpha)[distr] > Normal... > normalpdf{(.

o Set x value = X.

o Mean=0.

o Standard deviation = 1.

e Press PASTE [f3] to paste normalpdf (X,0,1) to the Y1
line.
To set the viewing window [-10,10] by [-0.2,1]:
e Press and enter the following values:
Xmin =-10 Xmax = 10 Xscl=1
Ymin =-0.2 Ymax = 1 Yscl=0.1
e Press to view the standard normal curve.

For comparison with the standard normal curve, enter a second
function for changing the values of x# and o as follows:

e Press and select the TRANSFORMATION
application.

e Press [y and enter Y2=normalpdf (X,A,B).

e Press to view plots of the two normal curves for
comparison purposes.

e Using the sliders for A and B, set a mean of 3 and a
standard deviation of 2 (see result screen at right).

INORMAL FLOAT AUTO REAL RADIAN MP D
[o] TO EXPAND
PLOT1 PLOT2 PLOT3

E\ Y1Bnormalpdf(X,0,1)

NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
Yi=normalpdf(X.0,1)

Y-intercept 1
X=0 1¥=0.3989423

| EN\ YzBnormalpdf (X,M,S)

INORMAL FLOAT AUTO REAL RADIAN MP D

32M:225

2

[NORMAL FLOAT AUTO REAL RADIAN MP
TRANSFORMATION GRAPHING APP
Yi=normalPdf(X....

Y2=normalpdf(X.A,B)

SETUP

©2026 Texas Instruments
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Solution (continued)

Exploration

Starting with M =0 and S =1, vary the value of M (the value
of S is kept constant).

What do you notice about the behaviour of the curve?
Now repeat for S (the value of M is kept constant).
What do you notice about the behaviour of the curve?
Answer:

e Changing u (keeping o constant) translates the curve
horizontally left and right.

e Increasing ¢ (keeping u constant) causes the curve to be
stretched horizontally and compressed vertically. In other
words, increasing o produces a flatter and wider bell-
shaped curve.

e Decreasing o (keeping x constant) causes the curve to be
compressed horizontally and stretched vertically. In other
words, decreasing o produces a taller and narrower curve.

Note: It is possible to use sliders and the TRANSFORMATION
GRAPHING application to compare two normal curves where
neither are the standard normal pdf. That is, use four sliders:

Y2 =normalpdf (X,A,B) and Y3 =normalpdf (X,C,D)

NORMAL FLOAT AUTO REAL RADIAN MP

TRANSFORMATION GRAPHING APP
Yi=normalPdf(X... [Yz=normalpdf(X.A.B)

S T T T S ST 1~ S S N . N T T S S St |

NORMAL FLOAT AUTO REAL RADIAN MP D

TRANSFORMATION GRAPHING APP
Yi=normalPdf(X... [Yz=normalpdf(X.A,B)

Ty

BA3 1 SETUP

©2026 Texas Instruments
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Calculating probabilities and quantiles associated with a given normal distribution

Given that X has a normal distribution with mean 75 and standard deviation 15, find
(a) P(48<X<100). (b) P(X <60). (¢) P(X >70).
(d) the value of ¢ if P(X <c)=0.8. (e) the value of d if P(X >d)=0.745.

In parts (a), (b) and (c¢), give your answers correct to three decimal places and in parts (d) and (e),
give your answers correct to two decimal places.

The Normal Cdf command calculates probabilities of the

form P(a < X <b). For parts (a), (b) and (c), press Normalcdf
to select the CALCULATOR application, and then: A
e Press [alpha)[distr] > Normal > normalcdf{(. w73

o Set lower = 48 and upper = 100.
o Set mean = 75 and standard deviation = 15.

o Press PASTE [f3] to paste normedf (48,100,75,15).

PASTE

Answer: P(48<X <100)=0.9163, correct to 4 d.p.
e For part (b), enter normCdf (-10000,60,75,15). lcdf(48, 100,75, 15)
09162794042

Answer: P(X <60)=0.1587, correct to 4 decimal places. round (Ans, 4)

0.9163
e For part (c), enter normCdf(70,10 000, 75,15). normalcdf (-10000, 5%?%;2%525%
Answer: P(X > 70) =0.6306, correct to 4 decimal places. rauncthins .43 0.1587

normalcdf (70, 10000, 75, 15)

Notes: (1) Generally, using a lower bound of —10,000 and an 0.6305585963
upper bound of 10,000 will be sufficient. (2) The answers to round(Rns, 4) 0. 6396
parts (a), (b) and (c) can be rounded to four decimal places by
typing round(ans,4).
(d) and (e):

The Inverse Normal command calculates the value of x for a

given probability p where P(X <x)= p. The command and

InvNorm
its syntax are invNorm( p, u,6) or simply invNorm( p) if are;fgéﬁ
#=0and o=1. 5:15

tail: N ny CENTER RIGHT
For part (d):
e Press [alpha][distr] > Normal > invNorm(.
o Set area = 48.

o Set mean = 100. PASTE

o Set standard deviation = 75. invNorm(0.8,75, 15, LEFT)
o tail=LEFT. 87.6243185
invNorm(@.745,75, 15, RIGHT)
e Press PASTE [f3] to paste invnorm(0.8,75,15,LEFT). 65. 11743464

Answer: If P(X < c) =0.8, then ¢ =87.62, correct to 2 d.p.  Note: It is often helpful to sketch

. a labelled diagram before
e For part (e), enter invnorm (0.745,75,15, RIGHT). attempting o ngo o Ipf; obability

Answer: If P(X >d ) =0.745, d =65.12 correct to 2 d.p. distribution question.
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Calculating the standard deviation of a normal distribution

The random variable X has a normal distribution with mean 32 and standard deviation o .
Given that P(X > 36.8) =0.3 find o. Give your answer correct to two decimal places.

Use of Inverse Normal (CALCULATOR application):

e Press > MATH > Numeric Solver ...

e For El, enter [alpha][distr] > Normal > invNorm(,
then enter invnorm(0.7, 32,8, LEFT)

e For E2, enter 36.8.
Press NEXT [f5] and set a starting value S = 1
(or any small positive value)

e Press SOLVE [f5] to find a solution to the equation
E1=E2 for S.

So o =9.15, correct to 2 decimal places.

Use of Normal Cdf (CALCULATOR application):

e Press > MATH > Numeric Solver ...

e For El, enter [alpha][distr] > Normal > normalecdf(,
then enter normalcdf (36.8,10000,32,S).

e For E2, enter 0.3.

e Press NEXT [f5] and set a starting value S =1
(or any small positive value).

e Press SOLVE [f5] to find a solution to the equation
E1=E2 for S.

So 0 =9.15 as before.

Use of Inverse Normal (GRAPHS application):

e Press [y and enter Y1=invNorm(0.7,32,X,LEFT)
and Y2=36.8.

To set the viewing window [-0.5,15] by [-10,60]:

e Press and enter the following values:

Xmin=-0.5 Xmax= 15 Xscl=1
Ymin=-10 Ymax = 60 Yscl=10

e Press to view the intersection of the two graphs.

To find the point of intersection:

e Press [2nd][calc] > intersect.
e C(Click on each line and locate a guess value.

So o =9.15 as before.
Use of Normal Cdf (GRAPHS application):

 Repeat above with Y3 =normalcdf (36.8,10000,32,X)

and the line Y4 =0.3 for [—0.5,15] by [—0.2,0.5].

e Set the viewing window and find the point of intersection.

So 0 =9.15 as before.

NORMAL FLOAT AUTO REAL RADIAN MP D
SOLUTION IS MARKED =

invNorm(@.7,32,S5,LEFT)=36.8

=5=0,1533091741082
bounds= {-1£99, 1993}
sE1-E2=0

NORMAL FLOAT AUTO REAL RADIAN MP D
SOLUTION IS MARKED =

normalcdf (36.8, 10008, 32,5)=0.3

=5=0,153310103834
bounds= {-1£99, 199}
sE1-E2=0

NORMAL FLOAT AUTO REAL RADIAN MP D
RESULT STORED TO ANS
Y1=invNorm(0.7,32,X;LEFT)

I‘nt.ers.e:'.tio;r A A

1 X=9.1533892 ¥=36.8

NORMAL FLOAT AUTO REAL RADIAN MP D

RESULT STORED TO ANS
Yi=normalcdf(36.8,10000,32,X)

| Intersection

1 ¥=9.1533181 ¥=0.3

©2026 Texas Instruments
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Calculating the mean and standard deviation of a normal distribution
Question

The random variable X has a normal distribution with mean x and standard deviation o .

Given that P(X <30)=0.4 and P(X <55)=0.9 find # and c. Give your answer correct to one

decimal place.

Solution

Transform from X to Z and form two linear equations:
30—

P(Z < z) 04> "H_ invNorm(0.4) < p—0.25336 =30

(o)

(1)

P(Z<z)=09= DM invNorm(0.9) < p+1.28166 = 55

o

)
Solve this pair of linear equations simultaneously as follows:
e Press and select the SYSTEM SOLVER application.
e On the setup page:

o Set EQUATIONS = 2.

o Set UNKNOWNS = 2.

o Set VARIABLES = a,b.
e Press NEXT [f5].
e In the template created, enter the two equations from the

information provided (using a = ¢ and b = o).
a—0.2533b =30

a+1.2816b =55
e Press SOLVE [f5]

The result displays the solution for xz and o respectively.
Answer: 4 =34.land ¢ = 16.3.

Use of Inverse Normal on a Graphs page:

e Plot the line Y1= S and the line
invNorm(0.4)
v2= 55-X .
invNorm(0.9)

To set the viewing window [-0.5,50] by [-5,25]:
e Press and enter the following values:
Xmin=-0.5 Xmax= 50 Xscl=10
Ymin = -5 Ymax =25 Yscl=5
e Press to view the intersection of the two graphs.
To find the point of intersection:

e Press [2nd][calc] > intersect.
e C(Click on each line and locate a guess value.

Answer: So ¢ =34.1and o =16.3, correct to 1 d.p.

NORMAL FLOAT AUTO REAL RADIAN MP

invNorm(0.4,0,1,LEFT)
-0.2533471011

invNorm(0.9,0,1,LEFT)
1.281551567

=

NORMAL FLOAT AUTO REAL RADIAN MP D
NUMBER OF ERUATIONS
SETUP
EGUATIONS: E 3456 78 918
UNKNOHNS: E 3456 78 918
VARIABLES: x,y ENJ
1] DECIMAL
G0N SCIENTIFIC ENG
A%l 61 2 3 456 7 8 9
L{i[01:l{| DEGREE
RUIT HELP NEXT
NORMAL FLOAT AUTO REAL RADIAN MP D
SYSTEM SOLVER APP
SYSTEM OF EQUATIONS

1a- 8.2533 b= 38

1a+ 12816 b:E
[NORMAL FLOAT AUTO REAL RADIAN MP D
SYSTEM SOLVER APP

SOLUTION

o5 34.12567594
b= 16.28770604
NORMAL FLOAT AUTO REAL RADIAN MP D
[«] TO EXPAND
PLOT1 PLOT2 PLOT3
LEN\ V1B 30-X

invNorm(0.4,0,1,LEFT)

55-%
I\ YR o orn(0.9,0,1,LEFD)

[NORMAL FLOAT AUTO REAL RADIAN MP
RESULT STORED TO ANS

¥1=(38-X)#(invNorm(08.4.8,1,LEFT))

D

Intersection
X=34.126447

¥=16.28772
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6.4. Topic 4: Sampling and proportions

6.4.1. Random sampling

Sampling from a binomial distribution

Thirty students sit a test consisting of 25 multiple-choice questions. Each question has four possible
answers. Each of the 30 students guess the answer to each question.

Random variable X denotes the number of correct answers obtained by a student.

(a) Use the random binomial (randBin) command to simulate this situation.

(b) Determine X, the sample mean number of correct answers obtained from your simulation.
Give the value for X correct to two decimal places. Compare the value for X to the theoretical
mean number of correct answers (expected value).

(¢) Repeat part (b) for 100 students and then for 1000 students.
(d) Plot a histogram for the simulation of 1000 students sitting the test.

(a) The syntax for the random binomial command is Note: If required, the random

randBin( n, p,[#Simulations]). number generator can be seeded
by entering a large number, and

There are 25 multiple-choice questions so 7 =25. storing it as rand (the rand

command can be found using
> PROB > rand). An
example of seeding is shown

There are 30 ‘students’ so the number of simulations is 30. below.

To enter the randBin command, press > PROB >
randBin.

We can simulate and store the results of the above scenario by

entering the following command: 957846218»rand

Each question has 4 alternatives so the probability of
obtaining a correct answer (success), p , is 0.25.

957846218
randBin (25,0.25,30) — L1 as shown right. randBin(25,0.25,30)L1
{5.,4,6,9,4,8,3,5,3,8,7,6,8,1»

The results of the first few ‘students’ are shown. Here:

Student 1 obtained 5 correct answers. = ——
4q
Student 2 obtained 4 correct answers. :
4q
Student 3 obtained 6 correct answers. And so on. g
5
Note: The results can also be shown via > EDIT > Edit. ]
e
(b) The sample mean for these 30 students can be calculated Li(1)=5
as follows: ek
e Press [2nd]llist > MATH > mean(.
e Press [2nd]list) > NAMES > L1.
e Press to calculate the sample mean. mean (L1)

) . 6.533333333
Answer: For 30 students (30 simulations), X = 6.53, correct

to 2 decimal places. Compare to g =25x0.25=6.25.
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(c) There are now more students so the number of simulations

will be increased from 30 to 100. randBin(25,0. 25, 100)+L 1
{4,3,9,7,8,4,5,5,8,8,8,4,5,9»
e Enter the command randBin(25,0.25,100) — L1. mean(L1) ot

e Enter the command mean(L1).

Answer: For 100 simulations, x = 6.01, correct to 2 decimal
places.

randBin(25,0.25,999)4L1

{5,9,5,5,8,5,6,7,9,7,7,7,7, 7,

Now, change the number of students (simulations) to 1000. SRy T

e In cell B2, change the number of students to 999 (that is FrRrzrrar

the largest number of permissible elements in a list on the
TI-84 Evo).

For this simulation, X = 6.23, correct to 2 decimal places.
As the number of students increases, it appears that x is

getting closer to .

(d) To obtain a histogram:

e Press [2nd][plot*] and turn on Plot 1.

e Select the Histogram icon. PLOT2  PLOT3
e Set XLIST =L1. B oN | OFF
TYPE Lo || LA Hh- | HIH | |
To set an appropriate viewing window for the histogram: xFLRI:; Iil
e Press and enter the following values: coor« Bee [
Xmin=0 Xmax = 15 Xscl=1

Ymin =-50 Ymax =200 Yscl =50
e Press to view the histogram.

Note: You may need to clear any other defined functions in ST "

the (Y=] screen or other plots that may have been set up.

Moving the cursor over the histogram will confirm the
number of correct answers obtained.

In this example, 196 ‘students’ obtained 6 correct answers.

min=6
max<7? n=196

NORMAL FLOAT AUTO REAL RADIAN MP D

Plotl:L1
— 38—

Note: The value of Xscl is the bin (column) width of the
histogram. For instance, press and set Xscl = 2, and
set Ymax = 400 (to accommodate the possible higher
frequencies). The modified histogram is shown right. In this
example, 356 students scored either 6 or 7 questions correct. | _|

min=6
max<8 n=356
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Sampling from a uniform distribution
Question

For brevity, some instructions required here are described in the previous example. Please refer to
them as required.

A random variable X has probability density function
0.5, 2<x<4
(%)= -

0, else
It can be shown that £(X)=3 and Var(X)= 1 (a = Lj
30 3
(a) Generate a random sample of size 100 from this distribution and plot a histogram of the
sample.

(b) Determine X, the sample mean and s, the sample standard deviation. Give these values for x
and s correct to two decimal places. Compare the values for X and s to the theoretical mean
number of correct answers (expected value).

(¢) Repeat parts (a) and (b) for a random sample of size 999.

Solution

(a) The rand command has syntax rand(#T rials).

This returns a list containing random values between 0 and 1.
The required formula for this simulation is 2*rand (100) +2.

To calculate and store these 100 values:

e Press to select the CALCULATOR application.

P e

The first few values of the random sample are shown. 2-rand (100)+24L 1
To construct a histogram to display these values: {2.781768028.2.651160339,3.2>

To obtain a histogram:

e Press [2nd][plot*] and turn on Plot 1.
e Select the Histogram icon.

e Set XLIST =L1.

To set an appropriate viewing window for the histogram:

e Press and enter the following values: etk
Xmin =2 Xmax = 4 Xscl=0.2
Ymin =-5 Ymax =20 Yscl=5

e Press to view the histogram.

Note: You may need to clear any other defined functions in L1 |
the (Y=] screen or other plots that may have been set up. min=2.6

max<2.8 n=15

It is expected that the sample values are reasonably evenly
distributed between 2 and 4. That is, it is expected that all the
columns in the histogram should be about the same height. ... continued
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(b) Considering X :

e Press [2nd]llist > MATH > mean(.
e Press [2nd]llist) > NAMES > L1.
e Press to calculate the sample mean.

For this random sample, x =2.95, correct to 2 decimal
places.

Compare to E(X)=3.

Considering s :

e Press [2nd]llist > MATH > stdDev(.
e Press [2nd]llist) > NAMES > L1.
e Press to calculate the sample standard deviation.

For this random sample, s =0.55, correct to 2 decimal places.

Compare to o = L(= 0.577...).

N

(¢) To calculate and store 999 values:

e Press to select the CALCULATOR application.

* Enter 2xrand(999)+2 —L1.
¢ Find the sample mean and standard deviation as before.

For this random sample, x =3.00 and s =0.58, correct to 2
decimal places.

1
Compare to E(X)=3and o = $(= 0.577...).
As the sample size increases, it appears that X is getting
closerto x and s is getting closerto o .

To construct a histogram to display these values:

To obtain a histogram:

e Press [2nd][plot*] and turn on Plot 1.
e Select the Histogram icon.

e Set XLIST =L1.

To set an appropriate viewing window for the histogram:
e Press and enter the following values:
Xmin =2 Xmax = 4 Xscl=0.2
Ymin =-20 Ymax = 150 Yscl=10
e Press to view the histogram.

The sample values are reasonably evenly distributed between
2 and 4 (columns in the histogram are about the same height).

mean{L1)
2.948949359
stdDev(L1)
0.5485688843

2-rand(999)+2>L1
{2.703588021, 2.424885725,2.27
mean(L1)
2.995457049
stdDev(L1)
0.5826511227

NORMAL FLOAT AUTO REAL RADIAN MP D

Plotl:L1

min=J

max<3.2 n=108
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Sampling from a normal distribution

Question

Random variable X is normally distributed with mean 100 and standard deviation 15.

(a) Use the random normal (randNorm) command to generate a random sample of size 10.

(b) Generate a normal probability plot.

(¢) Repeat the above for random samples of size 30 and 100. Describe briefly what happens to the

normal probability plot as the sample size increases.

(d) For the random sample of size 100, plot the histogram and the normal probability density

function.

Solution

(a) The syntax for the random normal command is
randNorm ( 1,0,[#T) rials]) .

The initial random sample size is 10.

To calculate and store these 10 values:

e Press to select the CALCULATOR application.

e Enter randNorm(100,15,10) —L1.

Press (2nd]flist] > MATH > mean(.

Press [2nd]llist] > NAMES > L1.

Press to calculate the sample mean.

Press (2nd]llist] > MATH > stdDev(.

Press [2nd]llist] > NAMES > L1.

Press to calculate the sample standard deviation.

For this random sample, X =96.31 and s =13.21, correct to 2
decimal places.

(b) The normal probability plot helps to assess whether a data
set is approximately normally distributed.

Data are plotted against a theoretical normal distribution in
such a way that the points should form an approximate
straight line. Departures from this straight line indicate
departures from normality.

To construct a normal probability plot:

Press [2nd][plot™] and turn on Plot 1.
Select the Normal probability plot icon.
Set DATA LIST =L1.

Set DATA AXIS = X.

Press < Zoom Stat.

Note that the equation of the straight line fitted to the normal
probability plot gives x =96.31 and s =13.21, correct to 2
decimal places.

NORMAL FLOAT AUTO REAL RADIAN MP D

randNorm (100,15, 10)2L1
{B82.25681549,82.56729304,93."»
mean(L1)
96.30752604
stdDev(L1)
13.21422029

NORMAL FLOAT AUTO REAL RADIAN MP D

PLOT1 PLOT2 PLOT3

pLoT (T OFF
TYPE L= | LA | Jhe | b | v [
DATA LIST L1
oatA AxIs [ES ¥
Y o | .
1 |

COLOR « BLUE

NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
¥1=(X-96.307)/13.214

X=1088.61695 ¥=8.3261654

... continued
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Solution (continued)

(c¢) Consider a random sample of size 30 from this
distribution. To calculate and store these 30 values, repeat the
previous steps (as shown right).

For this random sample of size 30, x =98.08 and s =15.24,
correct to 2 decimal places. The normal probability plot is
shown, along with the fitted line.

Repeating the above for a random sample of 100 from this
distribution.

For this random sample of size 100, X =96.98 and s =14.43,
correct to 2 decimal places. The normal probability plot is
shown, along with the fitted line.

As the sample size increases, it becomes more obvious that
the samples are from a normal population.

(d) A histogram for the sample can be constructed.

e Press [2nd][plot*] and turn on Plot 1.
e Select the Histogram icon.
e Set XLIST =L1.

To set an appropriate viewing window for the histogram:
e Press and enter the following values:
Xmin = 50 Xmax = 150 Xscl=10
Ymin =-10 Ymax =40 Yscl=5
e Press to view the histogram.

To plot the normal pdf:

e Press{y=]and enter the equation
Y1=1000normcdf (X,96.982,14.433).

For the random sample, this offers a visual comparison
between the histogram and a plot of the normal pdf.

randNorm (100, 15, 30)2L1
{94.43902185,114.6978751,133»
mean{L1)
98.07595579
stdDev(L1)
15.24319533

INORMAL FLOAT AUTO REAL RADIAN MP

POINTS OF INTEREST TRACE
¥1=(X-98.876)¢15.243

¥=-8.257458

~X=94.151567

randNorm (100,15, 100)>L1
{71.31833851,114.7383191,83.»
mean(L1)
96.9821636
stdDev(L1)
14.43347593

[NORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
¥1=(X-96.982)/14.433

X=95.265686 ¥=-8.118916

INORMAL FLOAT AUTO REAL RADIAN MP D

Plotl:L1

ol

min=90
max<100 n=29

INORMAL FLOAT AUTO REAL RADIAN MP D
POINTS OF INTEREST TRACE
¥1=1880"normalpdf(X.96.982,14.433)

i

¥=25.462524

X=1082.83819
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6.4.2. Sample proportions

Understanding the concept of the sample proportion as a random variable

Assume that 67% of people in Queensland have brown eyes.

(a) Generate a distribution of sample proportions when 200 samples of size 10 (n=10) are

randomly selected from the population. Display the distribution on a histogram. Comment on
the distribution generated.

(b) Repeat part (a) for 200 random samples of size 30 (n =30 ). Display the distribution on a

histogram. What do you notice when the sample size is increased?

(¢) Explore how changing the sample size, population proportion or the number of samples affects

(a) To generate a distribution of sample proportions when 200

the distribution of sample proportions.

samples of size 10:

Enter the formula

randBin(10,0.67,200)

10.

—> PHAT.

Note: The decimal point after the number 10 in the

denominator. The subscript “L” before PHAT is to define
PHAT as a list. This subscript “L” character can be entered

via (2nd][list] > OPS > ;.

Answer: The mean value of LPHAT is approximately equal
to the population parameters p. Note also that the value of

P(1-P)
N

The sample proportion is a random variable whose value
varies between samples. A histogram for the sample can be

Press (2nd]flist] > MATH > mean(.

Press 2nd]list] > NAMES > | PHAT.

Press to calculate the sample mean.

Press (2nd]llist] > MATH > stdDev(
Press [2ndfiis] > NAMES >  PHAT.
Press to calculate the sample standard deviation.

P(1-P)
Enter the formula 10 >N :0.67 > P:,|——~

constructed.

Press [2nd][plot™] and turn on Plot 1.

Select the Histogram icon.

For XLIST, press [2nd]llist] > NAMES > PHAT .

To set an appropriate viewing window for the histogram:

and the sample standard deviation are close.

Press and enter the following values:

Xmin = 50

Ymin=-10 Ymax =40

Press to view the histogram.

Xmax = 150

Xscl=10

Yscl=5

randBin(10,0.67,200)

10 2LPHAT
{0.6,0.9,0.6,0.5,0.4,0.7,0.7»

mean (LPHAT)

0.6755

stdDev (LPHRT)

0.1485262612

104N:0.679P: |P(1N¢

0.1486943173

NORMAL FLOAT AUTO REAL RADIAN MP D

Plotl:PHAT
34—

min=0.55

1 max<08.65 n=52

... continued
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For small sample sizes, a skewed (negative) distribution b D ICRL LI LR GLILE 0
results because the population proportion used is not 0.5. We ¥1=20normalpdf(X.0.6755.0.1485)
would not expect many samples to have no people with brown | | 7

eyes or even only one or two people with brown eyes.

The distribution is centred roughly around 0.7 (the mode is
0.6) and has values ranging from 0.1 to 1.

For this simulation, 52 samples had p =0.6.

o 5 .o 1 X=8.525 ¥=32.149772
To plot a normal pdf using these sample statistics:

e Press|Y=)and enter the equation
Y1=20xnormedf (X,0.6755,0.1485) .

The calculated normal pdf based on the data set shows the
mean and standard deviation of the sample proportion.

(b) Repeat part (a) with a larger sample size of n =30.
Re-enter the formulas used previously, changing any

reference to n = 10 to n = 30. See screen right. {0.5333333333, 0. 7666666667, 0 »

mean (LPHAT)
T it 0.6776666667
As the sample size increases, the distribution has become e

more symmetric and more closely centred around 0.7. 0.0850729644
The distribution is squeezing more closely to p =0.7. 304N:0.67+P: |P(1N—'P)
0.0858487041

Generate the histogram and superimpose the normal pdf curve SN 0
1
over it (as shown on previous page). T ¥1=28normalpdf(X.6.6777,.0851)

Despite variations in the distribution of p , the distribution

tends to behave predictably in terms of shape, centre and
spread.

Conclusions: Answers may vary.

As the sample size increases, the distribution becomes more [ x-o.6805031 v=93.7a7ei7

normal.

When the sample size is large enough, the distribution of a
binomial random variable is well approximated by the normal
distribution.

Hence, for large sample sizes, note the approximate normality
of the distribution of sample proportions.

For n =100, the sample standard deviation is very close to the

population standard deviation and the sample mean is very randBin(100,0.67.200 , pygr
close to the population mean (see sceen right) {0.69,0.75,0.79,0.65,0.56,0.»
mean (LPHAT)
: : . A 0.66995
When the sample size, n, is large, the sample proportion P stdDev (LPHAT)
has an approximately normal distribution with mean u = p 9.0492098113

M 13@’N:ﬂ.67+p:1@

and standard deviation o = 0.0470212718

n
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6.5. Topic 5: Interval estimates for proportions

6.5.1. Confidence intervals for proportions

Understanding and calculating confidence intervals for proportions

Question

A survey found that 350 out of 500 people have brown eyes.

Calculate and compare approximate 90%, 95% and 99% confidence intervals for the proportion of
people in Queensland who have brown eyes. Give your answer correct to three decimal places.

Solution

The approximate confidence interval

(f) =z, ,M, p+z, ,M] is an interval estimate for
n n

p , the population proportion, where z is the appropriate
quantile for the standard normal distribution. Use p from one

sample (survey) to calculate an interval that we are 95%
certain contains p (unknown).

To find the 90% confidence interval for p:

Press > INTERVALS > 1-PropZlint...
Set x = 350.

Set n = 500.

Set C-LEVEL=0.9.

Press CALCULATE [f3].

Answer: The 90% approximate confidence interval (0.666,
0.734), correct to 3 decimal places.

To determine the approximate 95% and 99% confidence
intervals, repeat the above calculation, changing only the
value of C-LEVEL as required:

e Change the assigned confidence level (¢l) to 0.95 and then
to 0.99.

The 95% approximate confidence interval is (0.660, 0.740).
The 99% approximate confidence interval is (0.647, 0.753).
Being more confident means a wider interval is required.

There are variations in confidence intervals between samples
and that most, but not all, confidence intervals contain p .

INORMAL FLOAT AUTO REAL RADIAN MP D

1-PropZ2Int

x:350
n:500
C-LEVEL:B.9

CALCULATE

NORMAL FLOAT AUTO REAL RADIAN MP D

INORMAL FLOAT AUTO REAL RADIAN MP D

1-PropZ2Int
(0.66629,0.73371)
p= 0.7
n= 500

1-PropZ2Int (350,500,0.95)
Done

NORMAL FLOAT AUTO REAL RADIAN MP I:I

1-PropZ2Int
(0.65983,0.74017)
p= 0.7
n= 500

1-Prop2Int (350,500,0.99)
Done

1-PropZ2Int
(0.64721,0.75279)
p= 0.7
n= 500
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Understanding sample sizes and margins of error for sample proportions
Question

Determine the sample size required to achieve a margin of error of 2% in an approximate 95%
confidence interval for the proportion, p, of people in Queensland who have brown eyes, if the

sample proportion, p,is 0.7.

Solution
. . _|p(1-p) ..
The margin of error, M , is given by M = z,[—— andiS AT SETTLE
n ENTER ERUATION E1=E2 D
the radius of the confidence interval. SRR NS ENER
For an approximate 95% confidence interval, substituting E1:0.02
M =0.02 and p=0.7 gi 0.02 =1.9600 0'7(1_0'7)
=0.02 and p=0.7 gives 0.02=1. —_— TS
n - l.96- | N
: : 0.7(1-0.7)
Solve for n in the equation 0.02 =1.9600,|————=: NEXT
n NORMAL FLOAT AUTO REAL RADIAN MP D
e Press > MATH > Numeric Solver ... SOLUTION IS MARKED =
_ | 0.7(1-0.7)
e For El, enter 0.02. 0.02=1.96"- ==
0.7 1 _0-7 uN=20 000
o ForE2 emer 196, %7 (107). S

e Press NEXT [f5] and set a starting value N =1
(or any small positive value).

e Press SOLVE [f5] to find a solution to the equation
El = E2 for n.

Answer: achieve a margin of error of 2%, a sample size of
2017 is required.
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