Date: | Section: 1.1

SM 2 Objective: Functions

Function: When each domain element is paired with a unique range element.

*  Only 1 y-value for every x-value )( -va Lueg coLAn o% r +
* For every input there is one and only one output. v e rel\a _h\ o ..h e
'FUﬂc:Hoq A

Domain: The set of all inputs (the x-values) of a relation.

» Ifarelation is represented by a graph or ordered pairs, the domain is the set of all x-coordinates of
points on the graph.

Range: The set of all outputs (the y-values) of a relation.

* Ifarelation is represented by a graph or ordered pairs, the range is the set of all y-coordinates of
points on the graph.

Yelaron . o relatfoneln P \oetween two geds of values.
Examples: Decide whether each relation is a function. Then write the relation as a set of ordered
= i _
pairs. Then find the domain and range.
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Domain and Range in Real Life Situations: In real life situations, it’s important to think
through what values make sense in the problem. You also need to think about what x stands for
and what y stands for.

Examples: Determine if the situation is a function. Describe the domain and range for each real
world situation.

a) A teacher creates a list of ice cream flavors on the board. Then she has each student
write their name next to the ice cream flavor they like best of the ones listed.

Is this a function? Why or why not? . o = e | CCeama -F(GLV ors
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b) A teacher creates a table with the student’s name in the first column. Then she has the
students write down their favorite ice cream flavor next to their name.

Is this a function? Why or why not? 3&5 +he ) '\ﬂ“\fllddﬂ-\-s IR
t\ags wow4 be Tepea

Domain:gNM"(—s_
Range: F( vov'S

Examples: Describe the domain and range for each real world situation.

¢) Your cell phone plan charges a flat fee of $10 for up to 1000 texts and $0.10 per text over
1000. What are the domain and range?

Circle which unit represents the domain: Money 0

Domain: nywaloer of texds [0,59)

Range: cost C= 4‘[0 -+ .(o(y\-_- [000>
C%t0,00) ( over \000 +extc)

d) You are getting ready for the Homecoming dance. Your dad is going to let you borrow
his new car, but you need to wash and fill it. The car wash costs $5 and the gas costs
$3.89 per gallon. The car can hold 15 gallons of gas. What are the domain and range if
the total cost is a function of the number of gallons and the car is completely empty when
you pull into the gas station?

Circle which unit represents the domain: Money 0
Domain: ke of- gallons of gas Co,\S] ot
W
ange: <
Rl el et Covts §S5+3 5% e

(5, 403 25 ] C= 4c+3.82019)
= (,3.35
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Objective: Interval Notation

Interval Notation
Domain and range are often written in interval notation.
* The numbers are where the interval starts and stops.
* If an endpoint is included, put it in a bracket [ or ]
* If an endpoint is not included, put it in parentheses ( or )
* Ifthe interval goes on forever, use — or c. These always get put in parentheses ( or ).

Examples:

* (3, 7) means everything between 3 and 7, not including either 3 or 7. € ————ummjmpaD———>
3 FAVE -1 0 5 10

* [5, 8] means everything between 5 and 8, including both 5 and 8. € ——+———Pumm@——>
5 & Y% L 8 0 5 10

* [-2, 1) means everything between —2 and 1, including -2, but not including 1. < @uemu®——3>

' 4 =22 0 2

“rExe|

* (—o0,—3] means everything less than or equal t0 —3.  uuimmt—t——j———————>

-10 -5 0

K&-3
* (4, ) means everything greater than 4. € —————Dujutt———]p

0 5 10
X >4
(—o0, ©0) means all real numbers (goes on forever in both directions). T U W ——

-0 & W &b -5 0 5
Tips

* Use parentheses ( or ) around numbers that are not included in the domain or range.

o This happens when there is an open circle at a point or an asymptote (a line that

the graph gets really close to, but never actually touches).

* Use brackets [ or ] around endpoints that are included in the domain or range.

o It there is a point on the graph with the given x- or y-coordinate, use a bracket.
* Always use parentheses around - and oo.
* Read the domain from left to right and the range from down to up.

o Write the lower value or —o first and the higher value or « last.
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"SM 2 Objective: Domain and Range

Domain: The set of all inputs (the x-values) of a relation.
* If arelation is represented by a graph, the domain is the set of all x-coordinates of points on the
graph.
* When modeling a real-life situation, the domain is the set of x’s that make sense in the problem.
* When given an equation, the domain is the set of x-values for which the equation is defined.

Range: The set of all outputs (the y-values) of a relation.
* If arelation is represented by a graph, the range is the set of all y-coordinates of points on the
graph. iR
* When modeling a real-life situation, the range is the set of )’s that make sense in the problem.

Domain - given the equation of a function. When given an equation, think about what x-values will
“work™ as input into the equation. Are there any values of x for which the equation is not defined?

Asymptote: A line that the graph approaches but never reaches. It is represented as a dotted line. If the
graph has an asymptote, use a parenthesis in your interval notation for domain and range.

Example: State the domain in interval notation.

a) b)

-4 2 /0 2 4

Domain: [— J.‘ 3'] Domain: (’ w) 2_]

) 4 d)
|
|
!

42 D 4

Domain: ('2-' DO) Domain: (—-bﬂt W) J



Example: State the range in interval notation.

a) 4

Range: CD; "{'j

c)

Range: ( -’bﬂ, 2_‘]

b)

Range: ( -2, 00)

Examples: Determine whether each graph represents a function. Then state the domain and range given
the graph of the function. Write answers in interval notation. #¢ \Jer4ical | Ine. ~|»e;-|—
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Date: Section: 1.3

SM 2 Objective: Function Notation

Function notation: Function notation is the way a function is written. f{x) is read “f of x”.
X = input
Jf(x) = output
f(x) is the same as y.
N T
i iy,
Examples: The graph of y = f (x) is shown below. Use it to answer the following questions.

a) Find f(-4).

b) Find £(0). ‘ _ (v_,4_,.;,§[_1_) | |

c) For what values of x is ft% =07?

‘3'-,5,'4/7—, | A — I ——
d) For what values of x is f(x)=-3? N\
-2, 4 ' Eru

&) Whatis the dotimin? e v ;
C-v 47 2,3y | . -

f) What is the range?

C=g-51

Parenthes)s
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a) —42 b) (—4)? ¢c) —(1+3)?
~llp e ") -1¢]

d) —2(3%) e) —=3:(=2)2+4 f) 2|3=5]
->(a) 1~ 3.4 +y 2|-2] = 2254 )
“(+y=-F _
2) 8+ 110 — 6| p = : 8 i) 2(;% = f:‘:
gxlul |- s o e



Evaluating a function or finding a value means substituting the given value for x in the equation. Evaluate the
expression. You may use a calculator to evaluate the expression.

Examples: Find each value if f(x) =x'=2x+3, g(x) =3x-5, and k(x) =7 x2x ;

Leave your answers as simplified fractions, if necessary. Show all your work.

) £(2) b) g(-1) ‘ ) h(4)

‘2-’"-3—(:-)-!-3 3(-0)~-5 M e '-(‘_-:ﬂ_ -l- )

d) g(—%) ¢) 1(-5) B h(-3)

3
2 =3, ==
A% -s () ey 5 U-3() U+t
225 ¥lot3

=2r9‘:jz. ﬂEE]
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Objective: Parent Graphs and Transformations

Parent Graphs - Fill in the table to find some key points for some important graphs. Use the table to
generate ordered pairs for points on the graph, then sketch the graph.

* Square Root Function: f(x) = \/;

Domain: EO{M> "+ Range: CO‘,_M)
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* Quadratic Function: f(x) =X B Puraloo lew

Domain: ("""‘.0‘> Range: “Olwz
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N

Types of transformations
Transformations, like arithmetic operations, need to be applied in a particular order. Here is the
correct “Order of Transformations.”

1. Reflection:
a. Vertical Reflection - graph is reflected over the x-axis
b. Horizontal Reflection - graph is reflected over the y-axis
2. Stretch/Compression:
We will restrict our attention to Vertical stretches/compressions.
a. Vertical Stretch - the y-coordinates are multiplied by a scalar that is greater than 1
b. Vertical Compression - the y-coordinates are multiplied by a scalar that is between 0 and 1
3. Translation (or Shift):
a. Horizontal Translation - graph is shifted to the left or right
b. Vertical Translation - graph is shifted up or down




Transformations of the parent graph:

£ (x) =[x

f(x)=x2

f(x)=\/;

Effect on Parent Graph

£~ |x|

Fle)= -y

)= -V

reflects sver Hne Yaxis
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()= 24%x
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Objective: One-Step Transformations

A. Types of transformations

Transformations, like arithmetic operations, need to be applied in a particular order. Here is
the correct “Order of Transformations.”

"

1. Reflection:
a. Vertical Reflection - graph is reflected over the x-axis
b. Horizontal Reflection - graph is reflected over the y-axis

2. Stretch/Compression (Dilation):

We will restrict our attention to Vertical stretches/compressions.
a. Vertical Stretch (dilate by a factor) - the y-coordinates are multiplied by a scalar that is
greater than 1

b. Vertical Compression (dilate by a factor) - the y-coordinates are multiplied by a scalar that
is between 0 and 1
3. Translation (or Shift):
a. Horizontal Translation - graph is shifted to the left or right
b. Vertical Translation - graph is shifted up or down

v

B. Applying Transformations to the Function:

For each graph, do the following:

Identify the parent graph ( y = |x|, y=x',0ry= \/;)- % [Kiw\d- abov+ Wk?_'H’mr
Fill in the x, y table for the parent graph. +he “9_@‘—',,%.*:‘0,/\

Draw the graph of the parent graph with a dashed line. a—F‘FCCA‘; \
’{‘i‘ ? —\Ja O'CS
Identify the transformation. %

Fill in the x, y table for the transformation. ov* J-\)d\'oe S.
Draw the final graph with a solid line.

i TR

Vertical reflection/Reflection over the x-axis:
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Horizontal Translation:

* ALWAYS do the opposite of the horizontal number.
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This is what a horizontal translation looks in a quadratic function. f (X) = (x + 4)
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. C. Given the graph, write the equation of the function.

On each graph, the parent graph is shown as a dashed line, and a transformed graph is shown as
a solid line. Determine what transformation of the parent graph was performed and write an
equation of the final graph.

9. y 10. y
L O P ? 10 A ,
\ L DT 1 . ? =l ! .f
1 [} 1 ]
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Transformation: Sh‘\‘F-(' ld‘F-{' & Transformation: G\f\‘\.‘F‘t’ &ou A \“\'

p =
Equation: 8’: (¢ +3>> Equation: 5 =V -4

1.
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v

Transformation: \l@ﬂ‘h—&\ %’A v |+

Equation: 4) = "H \L\
J -2
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Objective: Multiple-Step Transformations

A. Types of transformations

Transformations, like arithmetic operations, need to be applied in a particular order. Here is
the correct “Order of Transformations.”

1. Reflection (the negative in front of the equation):
a. Vertical Reflection - graph is reflected over the x-axis
b. Horizontal Reflection - graph is reflected over the y-axis
2. Stretch/Compression (the number in front of the equation or a):
We will restrict our attention to Vertical stretches/compressions.
a. Vertical Stretch - the y-coordinates are multiplied by a scalar that is greater than 1
b. Vertical Compression - the y-coordinates are multiplied by a scalar that is between 0 and 1
3. Translation (or Shift):
a. Horizontal Translation - graph is shifted to the left or right (the opposite of the number
with x, or in the parentheses with x, or h)

b. Vertical Translation - graph is shifted up or down (the number that is added or subtracted
to the equation or k)

B. Finding the number that tells you the transformation

Answer the following questions using the equations: y = a,/(x — h) + k,
y=a((x- h))2 + k,y = a|(x — h)| + k. Given the following equations find a, h, and k.

A y=3Jx—6+38 B. y=(x—4)?-2 Cy=-2|x|+7




C. Writing transformations in the correct order

For each function, identify the parent graph (y =/x, y = x?, ory = |x|), then list the

transformations needed to get from the parent graph to the final graph. Make sure to list the
transformations in the order in which they should be applied.

A. y=—4(x+2)2 B. y——|x+3| 6 G y=—2\/;—1

Parent: Y= _7&':" Parent: u [)Ll .. Parent: Y= &- e
Transformations: ) Transformatlons . Transformations: . )
(eftect ovelr Xausl Yerdeal Shin=of Y21, yretteot aver xay(s

2. Vol Sveleh ot & 2. dnft e+ 2 2. \Nermcal Shetehof o2

3. dife e 2 3. it dawn o 3. et down |\

D. Vocabulary i
a. Endpoint: : 4 i
Drd of e Shuare voot-gugh, SRR

v

F-TNE potnA~ Whg re 4@ Saucire voot

Rncron bO.G\ nsS | Endpoint:_éb_‘bg_

b. Vertex: m mh\". wu % R ol g = z
re & F oo (A o ¢ wasne
woi'an.‘\'\ Crcses s owie of %&1\

W?‘O "\vg ge:*l'b:oaﬁ‘\') PO\M' nf- Amqwm TR

4
3 Wik

"\ah.

L .t!.‘

o
N

4 b

A é'l\)

—4

v

Vertex: [ I\ 0\ e 0\
s o . : b




E. How to put a, h, and k in the table

A y=2x-3%+1
a=

Parent Columns:

(Dmﬁgﬂ @M’\s)
T

2 hi

Column for translation or shift:
Add h to x-value of the previous column
Add k to y-value of the previous column

Column for stretch and reflection:
Multiply the y-value of the
Parent columns by a

W e K
bl elyma o g | e
b 2| A 5.9
2~ | 1] | 2 | 8
2 0 (@) ) |
Bl L | 2 .5
- 2 R 19

F.

i

Graphing multiple-step transformations:

For each graph, do the following:

Transformations: ["e-f1ect over xS

Vertex:

1. Identify the parent graph ( y = |x|, y=x*, ory= Jx).
2. Fillin the x, y table for the parent graph.
3. Draw the graph of the parent graph with a dashed line.
4. List the transformations in the correct order.
5. Fill in the table to apply the reflections and stretches/compressions (by multiplying the y-coordinates
by the number in front or multiply by a).
6. Fill in the table to apply the translations. (Add or subtract h and k from the x’s and y’s to move the
graph in the correct directions.)
7. Draw the final graph with a solid line,
8. State the vertex or endpoint, domain, and range of the final graph.
Afle)=l—xt=2 = ge__=i = O = = 2.
Y
5 10
x y=x- .,f‘ f-;,— g ‘-“: 1 5
2 A tA |
T I T | ZESE
| bl (A
! =
0 0 0 -2- & 213
(i t e > X
Ly i n k= T R S 10
Parent Graph: % =% : : J S x e
i i ¥ i I

S\
(Q, 23

dawwn

Domain: (—-—bg E;)

Range: (



BfG)=zlx+1]-3 a=

=

- ! X y =|x| 9]2_ —3
o Sl P R s
L2 | =1 | “/g,. -25
(9| p [© -3
0| 1 ( Ya 2.5
falp o | =2

Parent Graph: y= ’ \A-(
oy TR

Transformations: Vo,uq-i'cg,k Shwving- of ‘/2.
shift left

Domain: ( —~b=, ba_)
Range: E’ L) / OO-)

C. f(x)=§\/x+1—3 a=

Vertex: (—l’,'b\ 3

a8 y=vx |* yz e
I R - O =8
Pl Lo ifo. =25
14| 2 |\ |=2
219193 |Is|=1&
Parent Graph:

Transformations: Y

.~
-

Vertex: ('0', "'3)
Domain: CO . oo )

Range: C:"B,O'O)

Shw
S e o

Y=

> X
1D
S 1
=
10 b
72
i, e
¥
}Q )\ ;
i oot )
i T
28R P, i = -"a
9 f -
| ""-
<t =4 O
s S 1 >
[l o i, .
i 5
ol
Uy




Write an equation for each translation of the parent function y = /x.

A: 5 unit up: gf&—t‘%
d= ( H= () e

B: 8 units to the right: y: J)("' g
a= l h= 8 k= O

Write an equation for each translation of the parent function y = X2,

=
C: 5 units left, 12 units down: 5 - (%"‘"%) i "2—
a= l h= = oIl l 2

4 ¥
D: Vertical stretch by a factor of %, 9 units right: 3 - ¥ ( S C‘)
[
a= /'2- h= q k= ’D

Write an equation for each translation of the parent function y = |x|

E: Vertical stretch by a factor of 4, reflect over the x-axis, 10 units up: S[ f-“l' i ‘F(_ +(0

= “\ h= &) k= O




Analyzing Functions Study Guide

Domain and Range: gt

Relative Maximum or

Domain: all x-coordinates on the graph from lef to right.
Range: all y-coordinates on the graph from bottom to top.
o Graphs with unconnected dots (no solid line): List x’s and y’s m { and }.
* Don’t list repeated numbers more than once.
o Graphs with solid lines (even if there are labeled dots on it):
* Use interval notation: (__, ), (_._ ], [_._),or[_,_]
= If there’s an arrow on the end of a graph, the domain and range will involve —oo or .
= Use[or] for endpoints and vertices (places where the graph changes direction).
* Use (or) for —o, oo, asymptotes, or open circles.

Increasing, Decreasing or Constant: (Write x’s)
Write x-coordinates where graph starts and stops going each gg‘ection from left to right.
Always use (an -

L]

. Incream-ng: Uphill f::o‘m\g'gﬂ to {'lgkt-. ; é, ¢ %, Constant

e Decreasing: Downhill fro & i %, =Rk

o Constant: Flat. ; Sh \%

* Hint: Look for places where the graph.changes direction (relative maxima or relative minima) to help
you break the graph into intervals. _

*. Usethe'U sign to connect multiple intervals: (__, )u(__,_)

__ossitive or Negative: (Write x’s) Posiﬁve/llabove)

e Positive: Above x-axis. ey ’ 2

e Negative: Below e Negamel(belowi

* Divide the graph intothe parts that are above the x-axis and the parts that are below the x-axis usmg the
x-intercepts. Write X-coordinates for the start and end of each interval from left to right.

e Use (and ) atx-intercepts.

o Use [ or.}only when there is an endpoint above or below the x-axis.

e Usethe U sign to connect multiple intervals: (_, )u(__,_)

Intercepts: The p

ints where the grs;zgggs_ses the x- or y-axis.
Write intercepts as ordered pairs:

o x-intercepts.are-written as (x.0):

o~

o y-intercepfs are Written as (0, ).
To find x-ifitercepts algebraica

To find y-intercepts algebraically, set x =0 and solve for y.'

set y =0 and solve for x.

elative Mini -
Relative maximum? int'on the graph that is higher than all the points around it.
Relative minimum: on the graph that is lower than all the points around it.
rite ordered pair: (x, y).

Maximum or mifimum point®

Maximum gr'minimum yalue: Write y-coordinate of the point.



End Behavior: End behavior describes what is happening to the y-coordinates of the graph as you move left
(x — —o) or as you'move right (x — ). e

e Left end behavior looks llT(e this:” Tim f(x (x)=

X—»—0o0

e Right end behavior lotks Tike thiis: lir f(x)=

X0

Arrow pm: Write o

L
e Arrow pointing down: Write —c0 ™ .
e Endpoint (no arrow): Write D.N.E. (does not exist)
e Asymptote or flat end with arrow: Write y-coordinate of asymptote or flat part
Symmetry:
e Even symmetry (y-axis):
o The left and ri ides are mirror images around the v-axis. (T.eft and right sides would overlap
ifyou folc%e y-axis). Y

Even:

e (Odd symmetry (origin):
- o Ifyou fold
o If you spin

ng the x-axis and then along the y-axis, the two halves will overlap.
ound 180°, you will end up with what you started with.

Odd:

y= o\\f__.-lr'k.
5.— a\\x—-h\"\'K
3.. a (&—V\B + K

0 rder of Tvansforpatlon <
O reflect over X—aeis o
@ Vel Shvedeh o anvink 2
3 shifr left o right o feel
@ Sy vp o odlewn




