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Unit 1 - SM2H Unit 1 Analyzing Functions Notes
1.1 Functions 3 '

Function: When each domain element is paired with a unique range element.
e For every x-value there is only one y-value.

e For every input there is one and only one output. )(-—-'v‘a[u €S Cawwnol %‘?ﬂd‘ .Qr

the Celahion Y be a Funchon
Domain: The set of all inputs (the x-values) of a relation. :
e 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.
e Ifarelation is represented by a graph or ordered pairs, the range is the set of all y-coordinates of
points on the graph.
Felohon = a celashovship between two Sats of values,
Examples: Decide whether each'relatinﬂ Fs a function. Then write the relation as a set of ordered.
pairs. Then find the domain and range. 2
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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 )

If the interval goes on forever, use —o or oo. These always get put in parentheses ( or ).

Examples:

(3, 7) means everything between 3 and 7, not including either 3 or 7. <€ ————(DummetenD—+——>
3 VRV 7 0 5 10
[5, 8] means everything between 5 and 8, including both 5 and 8. <€——+——+——Qumng——b>
0 10
S5txel :
[-2, 1) means everything between -2 and 1, including -2, but not including 1. <+ @b ——3>
-4 -2 0 2
-2 e x|
(—o0, —3] means everything less than or equal t0 —3. f——————————}—>
¥ l._._ - 3 -10 -5 0
(4, o) means everything greater than 4. <———+——Gw e
0 3 10
% 74

(-0, o0) means all real numbers (goes on forever in both directions). B e — .
00 & XL OO TR (all re( humba(g)s 0 5
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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.
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~ 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 h(x)—

4 2x
Leave your answers as simplified fractions, if necessary. Show all your work.
2 a -
D [(2)=2-2(2)4> D (D) = (=) -2 ()43 © h(4) "q-‘i_ )
-2(Y
Sy-y+3=|3 ) =l+2+3=(_(.,_l s

d)g[) 3(§) -5 ) /(-5)>(-8) —al-g)+3 D h(-3) ==B

-3(-3
S 2-8W~3 - S*\o+313?! =—}_qz($)

Y+b 10
Examples: The graph of y= f ( r) is shown below. Use it to answer the following

questions.

a) Find f(-4). l ¥

b) Find /(0). |

¢) For what values of x is j"?x) =07
-3.1 "-’/ li - 5
d) For what values of x is f(x)=-3?
- _;_l |_t.
e) What is the domain?
L=, &7

f) What is the range?




1.2 Analyzing Functions Notes

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

e Ifarelation is represented by a graph, the domain is the set of all x-coordinates of points on the
graph.

e When modeling a real-life situation, the domain is the set of x’s that make sense in the problem.

e 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.

e Ifarelation is represented by a graph, the range is the set of all y-coordinates of points on the
graph.
e When modeling a real-life situation, the range is the set of y’s that make sense in the problem.

Interval Notation Tips

e 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.
e Always use parentheses around —co and oo.

e 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 oo last.

Reminder: State the domain and range given the graph of the function. Write answers in interval
notation.
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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?

% Square Voot Fvetons will have
limvted domains loecau.‘.'? under +he

Examples: Find the domain. Square yoot canwnet be fve
1. f(x)=2x+6 2. p(x)=2x"-3x+6 W
(—bq\a) ‘ (- o9, oq)

3. g(x)=Vx-5 4. h(x)=|x]-2

[5.~) (rooes)
x_;zz.% 25
5. f(x)=7Jx+2-10
‘-xg.}_g (e & 2—]
Eod x&2

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: Find the real world domain and range for each situation.
1. 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 _Ee gas station?

— x.'.l‘w-numloe.r of 5ﬁllots ot 2as (dawm;n)
Write a function for the given MESNTRV ~ ot coct (v r\jﬂ._)

Is the domain the number of gallons of gas or total cost? Y\upoe v of g* \lons
Is the range the number of gallons of gas or total cost? {q—l‘( cost
What is the real world domain? [T O\ $_J

What is the real world range? ..ﬂ;%,, 5+3.99c0)= S C$ 5) $'03.3Sj

*('r-): S+28Ix £(1€\ : 5 +3.92012)= ©3.7S
2. Your cell phone plan charges a flat fee of $10 for up to 1000 texts and $0.10 per text over 1000.

Write a function for the given situation: -FG&) e (O+ ., IO(K" IDOO)

Is the domain the number of texts or total cost? Wuswalo2 V™ of '\"“""5 (over |00 0)
Is the range the number of texts or total cost? ep &4

What is the real world domain? [ (000, ©9')

What is the real world range? tlo, “)



End Behavior
What happens to the y valueg of the graph at the tail ends of the graph. End behavior describes

what is happening to tH€ y-values of a graph when x goes to the far right () or when x goes to the far
left (—o0).

Right End Behavior: lim f(x)=c Left End Behavior: lim .f(x) =i

XK=y X—r—od

e Ifyis getting larger and larger (the graph is pointing up) with no upper limit, then the limit would be
equal to oo.

e Ifyis getting smaller and smaller (the graph is pointing down) with no lower limit, then the limit
would be equal to —o. '

e If the graph has an asymptote (gets closer and closer to a number, but never touches it), then the
limit is equal to wherever the asymptote is.

e If there’s an endpoint, the limit does not exist.

Examples: Describe the end behavior of each graph using limits. If a limit does not exist, write DNE.

a) y b) ¥ c) v
\ Y / 1 | !
7 ] ! i T T :
fe} f 3 2 B
i \‘ ) :: J! 'x J 5 : :
CIALT LT L L B
ERL T R EEUENNENN 5
Left: lim f(x)=_"< Left: lim f(x)= =09 Left: lim f(x)= %o
Right: lim f(x)=_%2 Right: lim f(x)=_®2 Right: lim /(x)= DN E
) y 9 y f y
e Ay 6 S 6’1 ;
4 ‘ ll\ 4 | 1\ 4
E : Bl et
______ \
\ 1 3+ x ' = X - ' ! { t : 3
TN §HRqcEEeE SERRE
Left: Yl_i)r_nmf(x)z -0 Left: lim fi(x)="©" Left: lim f(x)= Oe
Right: lim f (x) = = 2 Right: lim /(x)=_ ~P°  Right: lim f(x)=_~ 3=



Find the end behavior graphically

. Write answers as a limits.

a) f(x)=|x-2]+3 b) f(x)=-3x°
lim £ = ©0 i £6x) =
Xy-% X % -6

N

8 i ==0x"3x

Even or Odd Symmetry

v

' a)

lim F(x) = 0=

X= o2 W oo

&y f(X)=v=x+2

4_\ Livva "F(%) g

lim Gy = e

X»-be .
Y =y O |

lima F6&) = — e

X900 L PGy =
X=?0=

A function has even symmetry or y-axis symmetry if, for every
point (x,y) on the graph, the point (-x, ) is also on the graph. If
you folded the graph along the y-axis, the two sides would overlap.

e

i F6<) = —0a

Dea

DNE

YJ
A function has odd symmetry or origin symmetry if, for every point ix )
(x,) on the graph, the point (—x; —yi is also on the graph. If you ,_w}'::,____ &)
1 e
rotated the graph 180°, it would end up in the same place it started. Py ; ,-:1-” ;- }
N1
. N (=% ~¥)
oy
L
Examples: Determine what type of symfmetry each function has, if any. ‘
y b) h% c) h%
- N /\\j N
< = 8 - < /\ > X = > X
V v V
eaven \ rone .



Determine the Symmetry of a Function Algebraically _

e A function is symmetric with respect to the y-axis or is an even function, if f(-x)= f(x).In
other words, if you substitute —x in for every x, you end up with the original function. When
looking at the graph, you could “fold” the graph along the y-axis and both sides are the same.

e A function is symmetric with respect to the origin or is an odd function, if f(-x)=-/(x).In
other words, if you substitute —x in for every x, you end up with the opposite of the original
function. When looking at the graph, there is a mirror image in Quadrants 1 & 3 or in Quadrants 2
& 4. The graph has rotational symmetry about the origin.

e A function has no symmetry if it is neither even nor odd. If you substitute —x in for every x and

you end up with something that is not the original function and is not its opposite, then there is no
symmetry for this function.

SYMMETRY
Even or Odd?

To find algebraically, find f{-x). Substitute —x for all x’s and simplify.

e Jff(-x) = f(x) then it is even.
o Iff(-x) = -f(x) then it is odd.

Examples:

Determine what kind of symmetry (algebraically), if any, each function has. Show work. Then
use a graphing calculator to check your answer, draw a sketch of the graph.

an(x)=2x+6 )f(x):x?-:é ¢) f(x)=|x|+6
Fl) T UD P PR (-x)‘*f-w (—w T
='1x*b :xz*b + ‘lxl*(‘ :-
~£0e) =~ (2% + @) r— R
v3= § ) W A ( vVen -
d) f(x)=|x+2/+6 e) f(x)=x"+4x-8 ) f(x)=vx+3

F(-x) = [-x+3) + o -F(%\‘—("K)L-\- 4(-x)-% €l |- x+2

m '\/f . = xrhyn-¥ r:,.}\_é_‘- 2

s it 40 = (xEwtin B) :
= -yt et
non<e




1.3 Analyzing Functions #2

Intercepts
x-Intercepts: The points where a graph crosses the x-axis. They have the form (x,0).

e To find the x-intercept(s), set y =0 and solve for x.
y-Intercepts: The points where a graph crosses the y-axis. They have the form (0: y).
e To find the y-intercept(s), set x =0 and solve for y.

Examples: Find the intercepts using algebra. Write the intercepts as ordered pairs. Show all your work!
a) f(x)=2x+6 b) f(x)=-3x+2

X-ind ¢ O 2'&"‘;& 3"\1\1’\ 5: zo)-t-jo P Ta% C%: - 3‘4-*'/1 g-w\-(' Y= ~3(0)% 2
, 3> ¢ = -2
% 1 25 A 4=

- 3= %‘:-.\

x-intercept t s O)
y-intercept c() §Q>

¢) 3x+2y=12
Yrints 3x+2(0)= (a.

%x.-(.'z.

¥ =y
x-intercept ( H,0)
y-intercept ( Q,\o '

x-intercept‘ 3:7' (o) )
y-intercept (0, 2)

d) x-2y=5

Y-inti X-2{0)= S  y-int* ©-2y:=5
it Ao)42g=ja XS

3‘@-'_
y=o

ol =
9= S/
x-intercept (S, O 2

y-intercept c OI = ? 2—)

Relative Maxima and Minima: Where a graph changes from increasing to decreasing (or vice
versa). When a point is higher that all the points near it, it is called a relative maximum. When a point
1s lower than all the points near it, it is called a relative minimum. A function CAN have more than
one relative maximum or relative minimum.

N

*aﬁ;oMmh,% Pty i
\

e If you are asked for a maximum point or a minimum point, write the answer as an ordered pair.
e If you are asked for a maximum value or a minimum value, the answer is the y-coordinate.
—— gy



Absolute Maximum and Minimum
The largest (absolute maximum) or smallest (absolute minimum) value that a mathematical function can
have over its entire curve.

* Infinity is NOT a maximum or a minimum.

Example: no absolute
a) Find the relative maximum point and the relative maximum value. Y Maximvm
pint: (-6,8) | A }\
o\ue - N i
0 . i retwhve -
b) Find the relative minimum points and the relative minimum values. 1—8?.;3" 6 1]
poinis: (—\, -1) and (-7, 3) al “‘\\ MRS
valyes: - \ o.v\.\ 3 ‘ re h{\\l_\e win ) /
¢) Find the absolute maximum point and the absolute maximum value. =3 \ [
point: none E‘:\g@‘li“ha akﬁohd-e WAe Ximutg | L 2 J
. ; us e ™ CowRnes tod, r\
velue: nowne InEreace a< ;g:: (3] e ngé';f.,m“ é
d) Find the absolute minimum points and the absolute minimum values. albb¥olute. Mt
point: (- -1)
valye ! - \

Positive and Negative
e A function is pesitive where the y-coordinates are positive. The graph is above the x-axis.
e A function is negative where the y-coordinates are negative. The graph is below the x-axis.

*  When you are asked to state where the graph is positive and negative, write the intervals of the
x-coordinates from left to right.

* Use (or) at the x-intercepts, where the graph crosses over from positive to negative. The y-
coordinate is zero at the intercepts, so the graph is neither positive nor negative there. That
means those points are not included in the interval.

* Use [ or ] if the graph has an endpoint somewhere above or below the x-axis.

Example: Determine where the function is positive and where it is negative.

a) Y —— b)
/" [EAEREE
V‘ it n T A S S S R ‘ﬁ ...... ._4.#
“ vwse a bya
Positive: (-ll 5] when e 3\(;::‘:“‘ Positive: (—2-, O) VU (2,50)

ot & polnd
Negative: ("lo, " 2_) P«\-\Mr or :h‘;'::’q Negative: ( -l , - 2_) v (9, 2‘)

Y-wovdinate |



Increasing, Decreasing, and Constant

If you look from left to right along the graph of the function, you will notice parts are rising, parts are
Jfalling and parts are horizontal. In such cases, the function is described as increasing, decreasing, or

constant, respectively.
e:ﬁsijlg
et

De

Cl-e

Constant

Qsihg

*  When you are asked to state where the graph is increasing, decreasing, and constant, write the
intervals of x-coordinates from left to right.

* Always use () for increasing, decreasing, and constant. Never use [ ].

Example: Determine where each graph is increasing, decreasing, and constant.
_-—l—-u-_... emm—— O S——

Increasing: (- 0o, O)

Decreasing: ( 0, ,Q)

Constant: \f\ld\.

v
c A
) \(’,‘ S E
74
, |r \.x
2 -\ 4 & q
-6 L

Increasing: (Jl.l-‘ 0)
Decreasing: (v!pl‘-bt) v (3\ )
Constant: {o‘ 3)

b)

Increasing: r, 3, M)
Decreasing: n’a_

Constant: W | A&

d) Y

fo:p)

oy

A}

i

(&=)
Lo AL

[} ¥]

A\
f
%

Increasing: (- q’ - 3) J (;_"b-)
Decreasing: (- 3‘ 0)
Constant: (ol 2_)



Fill in all requested information for each function. Write domain and range in interval notation.
Write the intercepts as ordered pairs. Write the intervals in interval notation where the graph is
positive and negative. Write the end behaviors in limit notation. If a limit does not exist, write
DNE. If something is not applicable to the graph, write N/A.

a) f(x)=—Vx+3-5
¥

A

Domain; | = ,2 M] Range: ("M'; Lot 5j

5 x-intercept(s): A I a y-intercept: ( 0, - .1 5)
> G ] T Relative Maximum Point: C- 3, '5\
- 4 ’ ! 1 Relative Maximum Value:  — ©
“ = ______’ Relative Minimum Point: __ I | &
v i Relative Minimum Value: ™| ﬂ-i
“lnterce vt Absolute Maximum Point: (3, -6 X Valie: =9

a
(?Luﬂ in 2érvifer ’0 Absolute Minimum Point: V\l a Value: | &

‘j = -Jo~ 3-S5 Positive: | & Negative: _Eﬁ.ﬁ);
= —ﬁrs

2 Incresing: ha Decreasing: ( "'.3', b‘)
~ =1 3 = S '
2~ _ .73 Constant: in la.

Left End Behavior: lim f(x)= DWN e

Right End Behavior: lim f(x)=_= >

X =00




1.4 Transformations -Scjuare Root Functions Notes

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 (Shrink):
a. Vertical Stretch - the y-coordinates are multiplied by a scalar that is greater than 1
b. Vertical Compression/Shrink - the y-coordinates are multiplied by a scalar that is between 0 and 1
c. Horizontal Stretch/Compression - the x-coordinates are multiplied by a scalar (remproqal of b)
3. Translation (or Shlﬂ:l e ¢
a. Horizontal Translation - graph is shifted to the left or right
b. Vertical Translation - graph is shifted up or down

We will begin by looking at how transformations can be applied to the graph of a Square Root Function. :

B. Parent Graph Analysis: Square Root Function
Fill in the table to find some key points for the parent functions. Use the table to generate ordered
pairs for points on the graph, then sketch the graph.

What is the endpoint of the graph of the function? '
R = Co,0)
Fill in the following information about the parent function.
X /()
0 ° Domain; EO‘ o) Range: [0, 50)
1 ‘ —
4 23— _ x-intercept(s): ( 'D! 0> y-intercept: (O, 0 )
9 - R

e 2 1 4 . o 5 [ k
Which does the function have: a maximum or a minimum? Ma WY M U M

Max/Min Point: CO,‘ O) , Max/Min Value: O

Positive: (D;DO> ' 'Negative: N\ A

Increasing: (o b“) Decreasing: ¥\ la- _ g

Constant:  yn l o Symmetry: nowe

Left End Behavior: lim fii= DN =

Right End Behavior: lim f(x)=_ o2

X—po0
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C. Applying Transformations to the Function:

Directions: For each of the following, create a table to show how the transformation changes the
key points from the parent graph. -

Vertical reflection: Use a table to create the following graph:

X)=—~NX
= ‘f( ),, Explain the difference between this graph
andthegraphoff(x):ﬁ.

The J\fb—f"\ e reflected over

The Negahive on the e R-A-iS
T Ousdg,
— m of *me v What is the domain? I:O;M)

recuvts (n a Vevhea(
0\‘-"3& o +he am‘.\\. What is the range? (-bo, O:l

\E> # eriteal point ¢ (D, O
b B b . 0)
I+ 1o imew.y.._w\- *o kKwolLuv
* Y-oovdinates are 2 |otaAton v Lha
Mk phied \oj -, Ledpaink b€ o sqware
oot Jfl‘\:

Horizontal reflection: Use a table to create the following graph:

2. flx)=/-x

Explain the difference between this graph
and the graph of f(x) =x.

Tue nesahie w dua  TU¢ JRph is reffecked over
naide “of dne L, uare *hwe y-axis.

Yood felults | What is the domain? (~ve, ©7]
EEEED ]U _:. E::: va‘,t\m*jt What is the range? Co'oo>
parent qvaphn
1| |y v | s
:? f “? w‘om-\'i €0, O)
¢ i 2 :
*lals

\T\m Yve\ue § 304' Mul-l';pl:e-‘( \Oy -\

NOTE: Sometimes it is hard to see the effects of a horizontal reflection on a function. This is especially
true if the graph is symmetric with respect to the y-axis.
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oV *UWe Y-ya \pes .

Vertical stretch/compression (shrink): Create a table for each of the following to show the effects

of the transformation on the key points from the Parent Function. State the domain and the range

for each transformed function.
e NUMLOr raaliglied on et ovisde

Explain the difference between this
3

f\/_o(—-'m. T vesunys 'n a4 Jevdal
(x)¥=2 X ‘M"M]" i 1""*“' graph and the graph of f(x)=x/;.
10 — 7 =i = PN ¢ "1 ,
nunh oes —3;—]-%3‘3--—3- ™ gvmph hac Leen
i s | 2'_"" q-‘fubkl\"a'F.’-._-
M2 1o
AR armaane r+ : Eb\d?olv\.-q— i ng)
B isensassacancnssess) N\l“‘“w!\j y-eo 4\ nooleS
Domain: EO.OQ) bﬂ %, '
Range: EOJ’Q) '
1 i X
o f(x)= 5\/5
ot Explain the difference between this
graph and the graph of f(x)=\/; ‘
L
‘A\l{’rﬂ'lz This gvapn koS been
o | 3-; Comprecsest NevRcalty or thele
! k- | wat o VUl SWaee by A
Bl Smi s v S| Q1|3 Y.._ focier of Ya. .,
Domain: CO‘M) ? - Stnd
[ . 0 (0]
. Coy ™) e I L i o
Range: 1 ‘_,w.,mm,wt 9y /> v
3 o
G P
10— ALh e ; ) Explain the difference between this
= 3:5&1 /09- -~ graph and the graph of f(x)=\/;.
(o)
Thie qvaph has been
‘ ‘ %' %»\—Jsul erheal
¢ | 2 3 \'J mlj 'O'-j
I L G ey i
t ‘ wtoikiﬂ. (o'o)
Domain: Eol do) I’nu\-\-'lp\’ jwvdim-\'ﬂ
oy ¥

Range: C 0, w)



¥ TAia ahout iF the o %rm‘\-{au\ N3 q-F-FccA-iv\o g rvalves
ov e a\ves.
Horizontal Translation: Create a table for each of the following to show the effects of the

transformation on the key points from the Parent Function. State the domain and the range for
each transformed function as well as the location of the endpoint.

6. f(x)-——y Vx =3 ¥ A Nnumbeer acded or Su lohvmerted
iE [ \newe v c\e..cujls o+ W 31"‘{»\

“3 g\,‘\-(.'-\v{nj v han-:m-—h.u; W e

wte  direchion. ;
o&—,_‘.-f
W““*'G%C"ﬁaﬁ
, +3| x]lu={x
Domain: Eb‘ b-) 3 NES
et
R :
ange Eotw) '-}'1 e Y
Endpoint: (%, o) l’J - o
i add 2 e xyalves

Domain: E- l{ i bo)

i}
i 3
- 0
P

t

Range: (O ve) Swotvact 4 frovn o yualyeS

Endpoint: (- ) (onft X <paces \efr )

Compare the two graphs above with the graph of f(x) =Jx . What conclusion can we make about
functions that come in the form: y=+x—-/?

For Yedx-lh it twr gae do e vight [ spaces.
Rv Y= V¥th , oW Hhe gvagh Jo the left |4 spaces.




*Thaime ahouwr i tThe fantformeton 16 a-F(eu-{v\J ‘e Y-values
ov twe yvelues .

Vertical Translation: Create a table for each of the following to show the effects of the
transformation on the key points from the Parent Function. State the domain and the range for

*ach transformed function, as well as the location of the endpoint of the graph.

8. y:\/;,_]_B

Explain the difference between this
graph and the graph of y=\/; :

/.--"‘7 Twis gvaph way :»-:l-(-t-ed
Hisieon Voo | upe 3 unds,
Domain: EO‘\"") add 3 4o Twodhﬁa-’(@&

Range: [% ,v:) (S up 3 $?6tﬂ.>

Endpoint: (0 i 'b)

. f(@)=/x -2

X\ gelx |- -
: @i =

N L .
e : ; L‘ z o ; i .
ol i q ' 3 |4
D in: X

omain E0| be) Stobvact o Conn

Range: [—9 o) S i Yeovdkinates &
Endpoint: (0‘ ...3_) (‘\";{'*'d&wﬁ 2 SpacQS)

Compare the two graphs above with the graph of 1(x) =/x . What conjecture can we make about

functions that come in the form: y:\/; +k?
Br j:JI*—K, ’h«tjn‘:\\ 1S Snifred U@ K Sexces.
9,5,(2-—\;) e g is sWifred dawn K SpaceS,



Putting It All Together:

Using the equation y=a\/b(x—h)+k, find a, b, h, and k.

10 =243~ il = /%(x—4)+3

4= R a= "'[_ .
b= = b=_ Y2

h=_=3 h=_ 4

k=_—| k=_ 3

For each of the following 1) List the transformations in the correct order. 2) Create a table to show
the transformations on the key points. 3) State the domain and range. 4) State the endpoint.

\[* Tms-ﬁrmadﬁéﬁs : atte oty ?
£ f(x):y— i ) reFtect over +ua e Y
2 swifwr dowiing @r wewts Y )
> v oz |-t} -2
ol : ........... | m O Jo = o ~ z
Domain: [0 vo) ‘\‘\ ‘2 __\; :i
Range: (...boJ —2-'] aQ 3 3 -5

Endpoint: (0\ & )..)



5 __,,

_;omain: ['l VS
Range: ['blca)

Endpoint: (l' 3)

Domain: [... [' oo )
Range: E-gc .)-)

Endpoint: (" ‘; B, ‘1"_)

13. f(x)=yxjx—1 +3 -

Tarrbrmachons

Shft vignt |
shifr ue &

Tvansformahon g
e

veriual swAng of '/9_
S le£+ (
M down 3

X

affects 2

affects ?

QX<



1.5 Transformations -Absolute Value Functions and Quadratic Functions Notes

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 (Shrink):
a. Vertical Stretch - the y-coordinates are multiplied by a scalar that is greater than 1
b. Vertical Compression/Shrink - the y-coordinates are multiplied by a scalar that is between 0 and 1
c. Horizontal Stretch/Compression - the x-coordinates are multiplied by a scalar (reciprocal of b)
3. Translation (or Shift):
a. Horizontal Translation - graph is shifted to the left or right
b. Vertical Translation - graph is shifted up or down

We will look at how transformations can be applied to the graphs of the Absolute Value Function and the Quadratic
Function.

B. Parent Graph Analysis: Absolute Value Function

Fill in the given table to find some key points for the parent function. Use the table to generate
ordered pairs for points on the graph and then sketch the graph.

Where is the vertex of the graph of the function?
f(x)=|x]

Fill in the following information about the parent function.
x f(x) | Domain:_((~ 00, M) Range: Lo \M>
5 2
-1
0 :) x-intercept(s): _( 0,0) y-intercept: (O! 0)
1 | .
2 %

Which does the function have: a maximum or a minimum? VW LALLM A

B SRS Max@])oint: (O,‘O> Max@alue: O
Positive:(-'ba@i)tjf O ) Negative: n\a

Increasing: _QQ\_@_Decreasing: ("bﬁ‘ 0)

Constant: ’f\l Qa Symmetry: QN €

Left End Behavior: lim f(x)= G2 Right End Behavior: lim / (x)="%2

X-—3—m



C. Parent Graph Analysis: Quadratic Function (Parabola)

Fill in the table to find some key points for the parent function. Use the table to generate ordered
pairs for points on the graph, then sketch the graph.

f(x)=x’

o
R Yl & =B
. =

10 H T

What is the vertex of the graph of the function? (o g O)

Fill in the following information about the parent function.

Domain: ("W,_ 0‘9) Range: Eolo-) I

x-intercept(s): ( 01 0) : y-intercept: ( 0, D!

* Which does the function have: a maximum or a minimum? Yvu‘ ALY ™A

Max@oint: (o \ O) Max/@'aiue: O
Positive: (<% D) U( Ql-g Negative: N &

Increasing: Coiba) Decreasing: (v b{.' O)

Constant: \\l A Symmetry: AN QW

Left End Behavior: lim f(x)=_&°

X—»—0

Right End Behavior: lim f (x)=_09

X—»ol



Transformations of the parent graph:

flzx)= || S flE)=r Effect on Parent Graph

y=-f(x) uj- -‘y_( o fefleck over the X-AxiS

5 Verha|l siveteh by a fackr
y=2f(x) lﬁ”"‘l tj:l-v-" of =2 v

vevaiial cown ess'oﬁf;\w-tn
= = - 123 Y <
y=3) I yek| | LT | by & Facker of Yo

Vi W L |+ 2 lj-:x"-f—’- ShEr W 2

y=rf)-2 lj:h"l"z' 5-: )(1..7_ S ¢ don <

=52 | g w2 | ()| smife lefr 2

/) | ys | w2 | F(w2)t| eWEr rignt o

. 2
Y=f-v) Yzl-x| YEx)T  reflecd over e yeavis
1 N .
3=«-P(2~») Y= (2| g=(2.u-\ Wor 1ot s\ nig 53 A‘Fne#ore""-Lz
Examples: Describe the transformations of the parent graph needed to graph the following functions.
Parent graph: f(x)=|x|. List the transformations in the order in which they should be applied.

a) y:‘x+5|—3 b) y=—%|x|+1 c) y=3|x—2]+4
Lk \efy S veglect over x-awis verice | Shetely of 3
Yt chwn 2 Ve | Swirne of L bt rignt 2

' ; 2 S+ vp

gﬂ\.t‘@“‘? u\f \ v

Parent graph: f'(x)=x’
a) y=—x>-3 b) y=—4(x-3) ¢) y=1(x+2)"-3
refleck over yavis Tef(ect oVer YayiS Verie\ SMink ofF Y5

OEe rignt 3 SWift down 3



To draw the graph of y=a- f(b(x - h]) + k using transformations.

1. Draw the parent graph using the key points.
e Fory =‘x‘ ory=x?, use (-2, 2), (-1, 1), (0, 0), (1, 1), (2, 2)

e For y=+/x, use (0, 0), (1, 1), (4, 2), (4, 3)

2. Reflections and/or stretches/compressions
e Multiply the x-coordinates of the key points by the rec1pr0cal of b.
e Multiply the y-coordinates of the key points by a.

3. Translations
e Move graph right if £ is positive (equation has — sign)
e Move graph left if A is negative (equation has + sign)
o Move graph up if & is positive
e Move graph down if k is negative

Examples: For each of the following:
e Identify a, b, h, and k.

e Graph the function using transformations. List each transformation.
e Give the coordinates of the key points for each step and the final graph.
* State the domain and range of the function.
o State the coordinates of the vertex or endpoint.
f(x)=lx+4-3 arl, it heviysehs
y 1 affa 2
N Shifk \ef= o k"b :

.
o

3+

6!
b) f(x)=~|x|+5 ", b2l krO, K=5
J i .
Vefleck ovare e xoxis
Wit up S
" ¥ plyz [t +9
: -2 |V —h
2 -1 A _,'
- | | -\

Dowanin :(- w,u)

-Q.a.ntj [-—3 b-a)

Vevdey ! (._ 4 - 5)

Qe citg e

)
Y

b:an ‘. (—bd. u_)

%
o] Q a ‘5‘ erb ' (-—'D", 5]
l; Vevr>ty ( 0, g)



e) f(x)=(x=4)"+1

Jr

t

[}¥]

[ &)

X

a= 3

Verra | Svedeln of 3

b=l

Sifx rf'j\l\'i' 2.
Y2 wly=l¥l]:3 .
el-2\ 2 e
B S B S 3
2| ol o o
B 3
gy wl & \b
a.:di b:] "\"-‘-"3

Fefleet over w-awis
Verrm @l Sk oy a et of Y, Y

SWft letr 3

A Ws O

offects 2

J

Y

Dovaaivy * ('Oﬂléﬂ)
Varnge *  [p,59)

Vedex: (2 0)

%

Swift down |* 'j =
-3 | v y:l\d "th‘ DawAaeia . (-ve oe)
—6 -3 = =3 "2 . ( ]

% | -] " |\-7a il o3
-3| o] o o =\ Veview ! o
=] ) "V |-\ /a Rl v - "3
-\l 2 . 2. L L
ax{ bl |hey kK= |
it Y‘\“ﬂk*' “ q-F(;c{'S T
shifx up | 9

Dovnain (- so o)

Qc&"\j‘-f.' E\.rm)
\JMC".' (L‘hl)



a=-| b=\ h20 K=-2
affeet ?
f) f(x)z—x2—2 Fe-flect ovel AMae WA s 9
' y Shifer down 2 _ v\
5 o
4 b D Sl -2,
2 =k R
4 " ] I * o 7] o "i. DOMG&.‘\“‘- (-Ml “)
N gl -1 |-
. > Y =y "= MWJC L (-oe, - ;_j
T
5y ‘ Ver¥e ' (O,‘L)
= - -353‘4 a2 lor -] he3d ke-y
2) f(x =2(-x+3)" -4 oo 2
Ak il e NORRLAL ekl wif it
: " Feflect over e yorwis X
¢ S nget 3 X
i " 9\1@'« downm \+ ’ 5
: P o431l e lysx) 2| - g A
; 5 -.1\ Y g\ M Dowain: (-1a )
- Y g | =1 | 2 |- - PR E"-% bo)
oV 3 o o) ) o) -.L( ,\j ' 4 )
T Ea T N 2~ £15* Vevey ' (3 -+
i e s . A
| l .
h) f(x)=-3(x~1)*+5 a=-3 bz | W=| k=85 .
8 affeck ?
t A Feflect over the X-0¥'S Y
: Vet e\ Shveten of 3 Y
1 ~ SN Nawt | #
*l\ “g{: K hi\—";: Dowaann® ("‘bﬂ‘ﬂ)
- -2 -\ -
L S B v e
l i 3= Range * (o, 57
1% b \'3 2 Vourdey . (\ G>
3 l >\ Y “\ 2 -1 |




1
SM2H SM2H - 1.6 Notes Average Rate of Change
|

The average rate of change between two points on a function is the sloEe of the line that connects the
two points. For example, if the function d (¢ ( ) represents the distance in miles that a car has traveled after

¢ hours, then finding the slope of the line connecting the points at 7 =1 hour and ¢ =4 hours will give
the average speed of the car (in miles per hour) during those three hours.

_@i=yz_y1.]

Slope Formula: The slope between the points (x,,,) and (x,,y,) is\m =
X, =X,

les F md the slope between each pair of points.
a)x?ﬁ ') and b) (-1,4) and (2,1) c) (-4,~7) an

R

Examples: For each of the following, draw the line that connects the two points. Write the coordinates
of the two points, then calculate the average rate of change on the specified interval.

a) f(x)z%x+2 on[-33] yise b) f(x)=-2x"-8x-4 on [-3,0]

¥

Cis€ =25

oA — g mwn 3

e (30)and(3,2) RO f32)and o

BasascroEs T '

Za i A ‘ar?',x WMEI-l s o [ g"?‘;fz\ M v e o

| SR B 3--3 G > 5!? \:\ HE SNC Quez 3

T TN (Q, o
[ i
| v I_. 1 L 1ga \“ |

% H\\RE;“‘\‘ 'r r_____l’)-e = :l
-3 \ b run 3
‘ \\i\ 1

S e 0oy
4 {523
o =R

L

'
i, ' .

e



- Example: Find the average rate of change for f(x)=3x> —5x+4 on the interval [-1,3].
Step 1: Evaluate the value of the function at x=-1 and x = 3.

S(-1)= 3(y2 ¢ (-1)+Y F3)= 3(3)* 5¢3) +y

=30\)+ o+y = 3a)- 1S +y
i 227 -15+y
; : ‘ =l
Step 2: Write the two points as ordered pairs.
(—1,_&) (39&)
Step 3: Use the slope formula to find the slope between the two points.
Mz =12 _ Y E
3

Examples: Find the average rate of change for each function on the specified interval.

a) f(x) =-2x+3 on [—5,?]

S22 (-3 £q)= “2(1)+3

TRt = - l4+3
=13 =\
(~%19) (7,-1)
Mz ==l _ - i |
=& = "H 2]

b) f(x)=-x"+4on[-4,2]

Py ==Yy L) 2-(a)ay
ot = =)
(-4, -12) (2. 0)
M= o~=—12- - |2
S e 3]
d) f(x)=2(x-3)"-50n[0,10]

Y= -1-2]  fys (g2 | Flo)=2(0-3)25  £(0)=2(10-3)- 5
3 sl g '-‘-;—(t—)a)*-s s )
- = — ] _s :2 i

(-1, 3) (4, > ia Ve
m=2-3 . [} (0,13) (lo,232)
M B R el

: : G le—o 0 |-
a) Many of the elderly are placed in nursing care facilities. The cost of these has risen mgmflcantly
since 1960. Use the table below to find the average rate of change from 2000 to 2010 and explain
what your result means.

Years Since | Nursing Care Cost

1960 (billions of dollars) (40,2%) ( 60,\9'1)
{:.23 100 411 "M=191-9k - bt loillion
ol e So-4o o years
gfgi gg 1956? = ¢\ bi\\ion/ﬂear
NV¥Bing Care Losts vose by an
ave 2 of 4.\ loillion perj Ar

Ao aYo 000 4o 2010



b) The graph below shows the height, in feet, of an object launched straight up from an initial height of
140 feet. Find the average rate of change from 1 to 4 seconds and explain what your answer means.

h
S (L, 1e2) (4, 36)
1601 . | =
140 /k\\@\(?’ﬁ_?f MEdleclie o Liag feet =42 -Fe¢+/$¢¢,
) \\\__ | a= 2B Seconels
= ST _A( (3,110)
& 100 A
% oo —— Ay .‘5,;::_ The kuj\.‘J, of —twe olaja.c-!- decrease s
1 o ) 1 ;‘ﬁ an Averge of Yi Loot per
4B h se) q‘FLO“’\. Frewa Yt second <o Y4 seconds
BT m er - wae launchad,
N O e

L2 & 4 5
Time (seconds)

¢) Suppose 25 flour beetles are left undisturbed in a warehouse bin. The beetle population doubles in
size every week. The equation P(x) =25-2" can be used to determine the number of beetles after x
weeks. Complete the table below.

Week | o Beftlt?o Calculate the average growth rate between weeks 1 and 3.
opulation
0 25 (HSG) (317"‘70)
1 So M= 20050 = 180 keettes. IS weetes
z loo 3-| T wees per weex
3 &QD_ Calculate the average growth rate for the first five weeks [0,5].
4 (o] )
— = (0,28) (5,%00)
=80-25 -.77%5 es =15 beeteos
£ \Pes e
Which average growth rate was higher? Why do you thin%itﬁghel% b R
The Aveveige growth vate was highe r Lo weeks
O 4o S, % s because as +w populaton

nereases, tware are wore Weetles Haot Can
eproduce . Se Hvo longer you leave 4nom  the

g /
fasler 0 popu (atonm will grow.



