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Do type in the commas, and do not use spaces,

é{ep 6 |

TI-83

Press _%\_/Eﬂjl | seroll down to option 0:Solver.... Select it with

ENTER]

You should now see:
EQUATION SCOLVER
Eqn:0=
If you do not see EQUATION SOLVER, scroll up.

If you see an equation already written in, use the cursor-up {up-
arrow) key to place the cursor on the equation. Then use the

key to remove it.

Step 7

Type the following equation exactly.

3X"3 —13X722 -~ 10X + 50
Then press l El\m
Next to the X= on the next line, type your first guess: —2.0
{remember to use the negation key, not minus).
On the bound= line, type your lower and upper bound (for the
first guess) between braces, like this: -3, ~1)
Finally, place your cursor on the X= line and press ]]xﬂf“ﬁ/\l
SOLVE | (ALPHA is the green key near Qzﬂ, and SOLVE is on

the ENTER | key)
Your answer appears: X=~1.920589771 which we round to
~1.921,

If your answer is different, look carefully at vour equation for
mustakes. Use the cursor keys to locate and correct them.

Go back to Step 7. Change your bound= line to {2,3) and your
X= guess to 2.5.

Then press | ALPHA |[SOLVE]

Ensure you get the answer 2.07815274 which rounds to 2.078.

If you got n BAD GUESS message, it means YOUr guess is
outside your bounds.

Go back to Step 7 and use your third guess of 4.5 and bounds of
4 and 5,

Then press | ALPTIA|[SOLVE]

Ensure you get the answer 4.175770562 which rounds to 4.176.

So the three solutions for the equation 3x3 — 1342 — 10x = -50

from least

to greatest are: —1.921, 2.078, and 4.178.
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12 Section 1, Lesson 1 Principles of Mathematics 12

Adjusting the Viewing Window

Finally, we adjust the “viewing window” on the calculator so
that more of the graph is visible. Recall that the graph you saw
on your calculator (see page 9) went off the top and bottom of
the screen—you could not see it all.-

e S W

' “rin=-18
WINDOW button at the top of “max=10
the keyboard. You see the list of AeECl=1
values at the right. From the Ymin=-10
top, these values tell you that 32?’:{'2 % 5!
the X-axis in your window ranges Yiras=]

from —10 to +10, with a tic-mark
for every number. The same is
true for the Y-axis.

Co-ordinate values for the Standard
Viewing Window on the TI-83.

For your graph to “look right,”
adjust the scale so that there are
fewer values displayed along the
X-axis (from -5 to +5, say) and
more displayed along the Y-axis.

As a first guess, use your cursor
to set Xmin = -5 and Xmax = 5.
Likewise, set Ymin = —30 and
Ymax = 30. Then press GRAPH
again. Now the graph looks like
the one at right.

This is better, but we're still
missing the upper loop of the
graph. Our final adjustment is to
change ¥Ymax to +60. That yields
the more appropriate display to
the lower right. We could change
the Xmin value from -5 to -3 for

a more balanced look, but what we have is good enough.

When you answer graphing-calculator questions on the

)

f
)

The graph with the WINDOW

parameters at Ymin = -30 and

Ymax = 30

X[-5,5] Y[-30,60]}

Provincial Exam, you will hand-sketch the graph in your
calculator's viewing window, then write in the Xmin and Xmax,
and Ymin and Ymax values, which you set for your window. The

example at right shows the correct way to write your window

settings.
Module 1
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Guided Practice 15 marks

— @;&K
pesv_ gl Solve each of the equations below using your graphing
calculator and showing the following detail:

Sketch the display as you see it.
For each of the possible solutions:

a) state your “guess”.

b) indicate the upper and lower bounds for x using interval
notation. For example {5,7} would indicate that x falls
between 5§ and 7.

¢) state the actual solutions, correct to three decimal places.

Your graph sketch goes here.

1. 23 —x2-12x=-3

2. w22 ~x+1=0

X, 1yt , ]
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14 Section 1, Lesson Principles of Mathematics 12

3. a3 462 +3x-H=0

t ., rryt , 1

4. a3 -~ 3x% =9x -9

K ' [ Yl

X
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Lesson 2
Functions and Interval Notation

Outcomes
Upon completing this lesson, you will be able to:

* identify the domain and range of various functions using set
notation and interval notation

* find the x- and y-intercepts of any function

¢ perform operations on functions

Overview

The concepts of domain and range are necessary to describe
functions. Interval notation is a most convenient way to
describe domain and range. We will also review combinations of
functions and composition of functions.

Definitions

A function is a relation where each x-value has only one
y-value

For any function, y = flx), the domain is the set of possible
x-values, and the range is the set of possible y-values.

We can evaluate a function at a particular point by substituting
either numbers or algebraic constants into the flx) expression
and simplifying the result.

Example 1

If Ax) = 2% — 2x, {ind f0), f(-2), and fla)

A =03 -2(0)=0

A-2) = (=28 -2(-2)=-8+4=—4

Aoy =ad - 2a

Module 1



16 Section 1, Lesson 2 Principles of Mathematics 12

Example 2
State the domain and range of the function p(x) = ~2(x — 1)2 + 3

i’ There is no restriction on
(1,3) the values that x can take.

Domain =N

3

»X The parabola has a
maximum value at (1,3)

Range = {y|y <3,y € %)

Turn to Appendix 1 for

J some background
information on how to read

set notation.

Informal Rules for Finding a Function’s Domain and Range

There is no “sure-fire formula” to determine the extent of a
function along the X-axis (its domain) or the Y-axis (its range).
The domain and range are often obvious if you just look at the
graph; here are some guidelines for finding the domain and
range of a function by looking at the equation, not the graph.

1. Linear functions, flx) = mx + b, always have infinite domain
and range, in both directions (i.e., out to — and also to +o).
The only exception is when m = 0; then y = b and the domain
remains infinite but the range is simply .

2. Parabolic functions, flx) = a{x—A)2 + b, have infinite domain
but a limited range—the range goes to infinity in one
direction on the Y-axis, but not in the other direction. (This
rule applies to any even-powered function: x2, x4, x6 and so
on.) If the exact range boundary is not obvious from the
equation, your graphing calculator ean identify it for you:
this is taught in Lesson 4.

L

3. In square-roct functions (with x somewhere under the root
sign), both the domain and range are infinite in one direction
but not in the other.

4. In any {unction where x appears in the denominator of a
fraction, watch out for specific values of x where the
denominator becomes zerc. At those points the equation has
no meaning (and the graph shoots off to infinity along an

Module 1



Principles of Mathematics 12 Section 1, Lesson 2 17

asymptote). That x-value must be excluded from the domain,
and the corresponding flx), or y value (if there is one), must
also be excluded from the range.

You may find these guidelines helpful as you begin Math 12 and
work through the course. Most students find that domains and
ranges become obvious enough that they don't need these
guidelines for very long.

Example 3—Interval Notation

One way of reading the set {y |y < 3,y € 0} is “All the real
numbers between —co and 3.” On a number line, it would lock

like this:
<

<« :

0

B

We can write this interval from —o0 up to and including 3 as
(=, 3]. The “(” means that the set doesn’t include —» (because
infinity is unreachable) and the “]” means that the point 3 is
included in the set.

O ol &

S0 we see that another way of writing Range = ly <3,y e
1s Range = (—, 3).

In this way we can rewrite R as (—oo,00),
fx | 4 <x < 3} as {—4,3]

{x | 10 = x <12} as [10,12]

[x | x 2 ~2) as [-2, 0]

An interval where the end points are both included is called a
closed interval and shown as [ .

An interval where both end points are not included is called an
open interval and shown as ().

An interval where only one end point is included is called a
half-open interval and shown as either [ yor (|.

We can form the union of two intervals in the same way that we

form the union of two sets. Remember that U is the symbol for
Y.

union.

rla<-5,x € MU {x | 0<x <4, x €N can be written as
(00, =5)U(0,4).

Module 1



18 Section 1, Lesson 2 Principles of Mathematics 12

Most rational functions have restrictions because the
denominator of a function cannot be zero. The domain and
range both have restrictions. Interval notation is a convenient
way to express a restricted range or domain.

Example 4
: 1
The rational function f(x)= Ex_l—_él) has asymptotes at x = +2, Note: Remember,
. ] an asymptote is a

and y = 0. It has a y-intercept at y = —1/;, but no x-intercepts. line that a curve

. X ) ) approaches to
Domain = {x | x # -2, 2. In interval notation this would be infinity but never
(=00 ,—2)U(=2,2)U(2, ), which is very awkward. never touches.

Range ={y | y = ~Y/4 or y > 0}. In interval notation, this would
be {—c0,~1/,)U(0,0).

¥

Combination of Functions

Two functions can be combined arithmetically by +, —, x or +.
The normal rules about addition, subtraction, ete. apply.

: 1 o
Er(().r eXanlple, 1_{‘ f()t) et -2:]‘——5 arld g(,r) = A 31' “2 s then we can

create new combined functiong by simple arithmetic like this:

Mothsle 1
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Important
definition!!

Whenever this
course uses a plain
square root sign, it

refers only to the
positive square root.
This definition is
common in

most modern
mathematics.

Ezamples: If you
solve x = \/11 , then

the answerisx = 2
but nofx =-2, Ifit
1ts the negative
his course will
agk yvou to solve

vooo e \,'/:1'_ . Efthlb‘

course asks vou for
both roots, it will
ask you to solve

-
o= i\/4 )

X _ 1 — Note: There are two ways
F+g(x) = (f + g)x) = 1 +V3x--2 to show the addition of
. functions:
7x) + g(x) or (f+g)(x).

Similarly, (f — g)(x) = 5 }i ~f3x—9

X

1 «J3x— . ¥3x-2

2x—1 2x—1

. . 1 1
(f+glx)= ———o
/gl (2x —I)/3x- 2

20—1"
Rule: When functions are combined arithmetically like that, the
domain of the result is the intersection of domains from the two
functions—it’s the set of all points that belong in both the
original domains. The same is true of the combined range—it’s
the intersection of the two separate ranges.

(f xg)x)=

\/é.x -2 =

That intersection-of-domains rule applies for all four arithmetic
operations, between any two functions. But the division operation
(f+g) has an additional rule: the combined domain and range
cannot include any value that makes the new denominator go to
ZEero.

Example 5

Using the above two functions f and &, find the domain and
range of f+g, f~¢, fxg, and fzg.
Solution

By inspection, domain of f = {x |x = %} and the range of

1 - L
F=|y=0Lx= 75 andy =0 are not allowed because f cannot
have a zero in the denominator.

The square root of a negative

Similarly, domain of g = [ §,0) _
number is not real so g cannot

be less than % . But the value
Range of g = [0,) % is in the domain of g.

Now for the intersections. Remember that N is the symbol for
intersection:

Domain of (f+g) = domain of (f~g) = domain of (fxg) =
o |a= 31N[E,0) =% )

Module 1



20 Section 1, Lesson 2 Principles of Mathematics 12

Range of (f+g) = range of (f~g) = range of (fxg) = ly | y = 0} U |
[0,20) = [0,00).

The domain of (f+g) = ( %,00) instead of | % ,2). That’s because
g(x) is in the denominator and g( %) ={0. So % must be deleted

from the combined domain. |

The range of (fzg) is (0,0), just as it is for f+g, f-g, and (fxg). The
value 0 was excluded from the range of f already, so it’s not
going to appear in the range of the combined function.

Sometimes, when you write the range or domain of a combined !
function, it may be simpler to leave the intersection symbol N in
your answer,

Finding Intercepts

For more complex functions, we often need to know the x- and y- |
intercepts in order to find the domain and range. !

Rule: To find the y-intercept, set x = 0. To find the x-intercept, !
sety = 0.
Example 6
Find the x- and y-intercepts for the function, flx) = x2(x + 1)(x — 2)
Solution
y-intercept: Setx =0
A =020+ 1)0-2)=0
x-tntercepts: Sety =0
Solve: x2(x + x ~2) =0
¥2=0,orx+1=0,0rx—2=0

'sY

x=0,-1,0r2

Composition of Functions

A womposition of two functions is when they are arranged so

i

that one is a function of the other.

Composition is not the same as “combination” using arithmetic
eperations between functions!

ol

i
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The composition is written as (fog)(x) = flig(x)) or as (gof)(x) =
g{flx)), either with a small hollow circle for the operation, or
with one function nested inside the other. In this course, Ag(x))
1s the usual notation but we’ll start by using both forms.

Example 7
If flx) =x — 3 and g(x) = 2x + 1, find (feg)(x) and (gof)}x).

(Feg)x) = flg(x))

= fl2x + 1) Substitute formula for g(x)
=2x+1)-3 Apply formula for flx)
=2x—2 Simplify

(gof)x) =g(flx))
=glx —3) Substitute formula for f{x)
=2x-3)+1 Apply formula for g(x)
=2x -5 Simplify

Notes to remember:
1. As Example 7 suggests, (gof)(x) # (fog)(x) except in special
cases.

2. For (fog)(x) = flg(x)), the range of g becomes the domain of £,

Example 8

If Ax) = %r and A(x) = x + 1, write an equation for (foh)(x).
Specify the domain and range.

Solution
([ oh)x)= f{h(x))
3

(2 +1)

To find the restrictions on the domain, remember that the

denominator cannot be zero.

2(x11) 0

]

B
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To find the restrictions in the range, write the function as

3
y = ———— rearrange and solve for y.
2(x+1)
2y (x + 1) = 3
2xy =32y
32y
X = —-——( '))
2y

Restriction: v # 0
Domain of (fo A) = {x | x # -1}
Rangeof (fo h)={y | ¥ = 0}

Module 1
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- i Guided Practice [25 marks]
E}% 1. Given that flx) = 4x2 —x + 3 and g(x) = 1 - 2, find: [11 marks]

SN
a) A0) g) {f+gix)
b) g(0) h) (g - lx)
c) A-2) D (fxg)-2)
d) gl/y) 3 ()0
e) fla) k) @Hb-1)
) gb-1)

2. Determine the x- and y-intercepts for the following functions: [3 marks]

a) flx)=2x2-8
b) g(x)=~2x+5
c) kix)=5—x

3. Using the information from your answers to guestion 2.
write the domain and range for each function using:  [6 marks]

;) set notation

it) interval notation

4. Given that p(x)=+x-4 and q{x) = 3x + 1: [5 marks]
a) determine each of the following:
1) plglx))
i) plg(3)
iz} glpla))
b) find the domain and range of:

1) plglx))

i) q(plx))
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