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Warm-up: Solve the following by change-of-base

2—X 2x—3
1) (1 ) 2) /1
> xX+5 ( )

(16 =28 243 +5 <32

Vocabulary

Transformation - an alteration in the function rule for the
parent graph

Vertical Translation - if y = f(x), then y = f(x) + k yields a
vertical shift of the graph of .
» The shiftis k units up for k > 0 and |k|units down if k < 0.

Horizontal Translation if y = f(x), then y = f(x - h) yields a
horizontal shift of the graph of f.

» The shift is h units to the right for h > 0 and |h|units to
the left for h < 0.
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Vertical Stretch and Vertical Compression - if y = f(x), then
y = af(x) yields a vertical stretch or vertical compression of

the graph of f.
« IfjJa|> 1, the graph is stretched vertically by a factor of a.

« If 0 <|a|< 1, the graph is compressed vertically by a factor
of|aj

Horizontal Stretch and Horizontal Compression - if y = f(x),
then y = f(bx) yields a horizontal stretch or horizontal

compression of the graph of f.
« If|b|> 1, the graph is compressed horizontally by a factor

1
of | .
n
. If|b]|< 1, the graph is stretched horizontally by a factor of
o

Reflections -
o If y=1(x), then y = - f(x) yields a reflection of the graph of f

across the x - axis.
e If y=f(x), then y = f(- x) yields a reflection of the graph of f

across the y - axis.
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Exponential Growth & Decay

EQ: How do you graph exponential growth/
decay and what are the graphs
characteristics?

Standards:

MCC9-12.A.SSE.3 Choose and produce an equivalent form of an expression
to reveal and explain properties of the quantity represented by the expression.

MCC9-12.A.SSE.3¢ Use the properties of exponents to transform
expressions for exponential functions.

MCC9-12.F.IF.7 Graph functions expressed symbolically and show key
features of the graph, by hand in simple cases and using technology for more

complicated cases.

MCC9-12.F.IF.7 Graph exponential and logarithmic functions, showing
intercepts and end behavior.

MCC9-12.F.IF.8 Write a function defined by an expression in different but
equivalent forms to reveal and explain different properties of the function.

MCC9-12.F.IF.8b Use the properties of exponents to interpret expressions
for exponential functions

MCC9-12.F.IF.4 For a function that models a relationship between two
quantities, interpret key features of graphs and tables in terms of the quantities
and sketch graphs showing key features given verbal description of the
relationship. Key features include: intercepts, intervals where the function is
increasing, decreasing, positive or negative; relative maximums and minimums;

symmetries; end behaviors; and periodicity.

MCC9-12.F.BF.3 Identify the effect on the graph of replacing f(x) by f(x) + k,
kf(x), f(kx) and f(x + k) for specific values of k (both positive and negative); find
the value of k given the graphs. Experiment with cases and illustrate an
explanation of the effects the graph using technology. Include recognizing even
and odd functions from their graphs and algebraic expressions from them.

What am | learning today?

How to operate with and describe the
characteristics of exponential functions

How will | show that | learned it?

Graph an exponential function by its
transformations and rewrite in equivalent forms
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Exponential
Growth and Deca

-rePks.-l-ovw y-oxis (x) V. shif+
<$\uh§Cx) (3}

f(x) = - q - BOCch) + k

veFledove ver '\ . s\r\ -
x*ou(\'s 0(33 Vi ?Sm ()

if B >1 .. growth
O<B <1 ... decay

Reflections over y-axis...
Turns growth into decay and decay into growth.

X Re
f(x)=2"= %

g(x) = (1/3)*=3"

- x+Y

h(x) = (3/2)** = (&)'*™ (%-)x—'-l
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Exponential Growth Graphs
f(x) = abxh + k f(x) = -abxh + k

/
/

R SE=e= H#3=k- R RS =4

N \
\

p:Coopd R (K 02)  1:fo0,e0) Rif-oo k)
asymptote: %ZK asymptote: \) = k
intervals: UNC; (.oo,oo) intervals: dec: ("°°/°°>

end behaviors: end behawors
As x»-00, )2 = As x»-00 FIX

As x-00, Q-(;g\-:oo Psxs00 £

X- mtercept sometimes
depends on graph (use calculator to find it)

-k
=

y-intercept: always!
plug in zero for x and solve

Exponential Decay Graphs
f(x) = abxh + k f(x) = -abx" + k

\
\

= Y=k =%

4

/
/

D: ‘°°,°°) R: (k,"o) D:C—OO/OO) R:(—OO/ IL)
asymptote: B:K asymptote: | = k

intervals: cleL: (—OOIOO) intervals: LNC: (_.oolao)

end behaviors: end behaviors:
Ps -0, F) 32 pgx»-00 £)>—00

As %300, -C(x‘)-a k. _As x—>00, L6k k.

x-intercept: sometimes
depends on graph (use calculator to find it)

y-intercept: always!
plug in zero for x and solve
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f(x) = a Box-h + k

Find the parent function and type of exponential.

Discuss all transformations.
Then, rewrite if possible.
f(x) = 4(1/2)3 + 6

\ X
Parent: \5 == Type: dC.C.O»\j
Transformations:

V. Shrekdn 0f Y () a1 ayto
- Shilt right 3 (»QS * 3‘
“Shifk up 6 (y) -

Rewrite: L (_;__):3 + L(X\ = (\E.\ 4_7

222 *o

—_ - | N3
=57 (3)

f(x) = a Bbx-h + Kk

Find the parent function and type of exponential.
Discuss all transformations.

Then, rewrite if possible. y
= 27(1/9)2 LV (e 2)
g(x) = 27(1/92* < 23(L)
Parent; 3 = _!i_x Type: dQCO«S

TSNS 23 ) SRk right 2
- refleCt ovex Y ~oxis (<) —X+2 2y

Rewrite:
9 (=) :_(S)Zx— \

=23 (q)""_-z
= (Y
;.53 (‘537.%—"\
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Are the following examples of exponential growth or decay?
Without graphing, what are the characteristics besides
x-intercepts? Rewrite the function if possible.

= 4 2x -3 1 jarent Graph: %i

v Y crcerdn by 4 () €580 wHh
- shif \mg,\r\\r 33 (x%’ Type‘ 9}m

sy
domaur‘f(—oooo range: (=\ ,0°)
«-lz:‘-|-'-|-g \= -;-_-\

asymptote: 9="\ y - int: (O,

interval of _{Y creasing: (—001003

end behaviors: P% X> -0, U\ - -\
As X» oOl 3 - L

Rewrite of function:
y=4e2° 1
- 25 27—

[V=2"—1 ]

1 x ———-\6=-¢-\ Cx
2) y=- g -4 Parent Graph: g:g

- refled over x-oxis ( |
‘Shik- C\Obon Yy (3) 3)TYP€-M_

domain: (—oo 00) range: _ (= oO/ - "‘3

asymptote: é,:-l_—j - int: (O '53
()™ 4

interval of WA creasing:(=0@ OO) -\—-4

end behaviors: A‘% X‘)-—OO U\" -0
AS X= R,y = -4

Rewrite of function:

X

e % _4 None
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_——— - 3:‘-\

1 ..
y= _5.3 +4 Parent Graph: 9‘;25\

“reflect JVer x-oxis (

" V. COW\;TISS oy 'I;?\g) type: gv‘ow*'\r\
O up M YY) x|y

domain:_(=99, o) range: (‘ oO} "{)

i

asymptote: =4 - int: (.0 3
y=a oy 10,5

T o "tz

: . (-o0 -1l4 2
interval of C)e creasing: (_/00) 3* 3

end behaviors: _FYS X2—00, Y 4
AS X o0, Ok
Rewrite of function: 3, = —— e 3" + 4

gl 2 - - -3:.(Parent Graph: 9 =
"V. comp. b lg(\j) :
- shif+ rec\-%, (A xcklEy type_QECOY
domain: ("°°'.°O) range: (07. oO)

x+6
TR .y

asymptote: _Y = 0) y - int: (0,53)
16

A \ |
3

2 =8 6n
interval of _de creasing: ('_°,°_°°)

end behaviors: BS X?-00, W 2@ o0
Ay X200, ™

) 3 = x+6
Rewrite of function: 1(1 )

3/ 1\ x+b 8 2
=) (3)
b=
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5) y = % [ ) 8x+2 — 3 T P-ar_er‘\’t-éraph H 8"

* V. com (W
- Shibh efy o_bq\j 2y fype: Qrowth

“Shift down 3 (y)
domain: (- 00,00) range: ("3;00)

asymptote: Y= -3 y - in’r: (0'1 12)

(8)-3
interval of Lcr‘easmg( , ) =F-ei-3
|b‘3
end behaviors: _PS x2-00, NV »-3
As x *00, ) -1"
Rewrite of function: y=—e 8% _3
= 2% (2" -3
=2 2_3’“'" -3
1-\5 — Z:xﬂ__-s \

-%+5 'K .\

6)y =3(4)°*+1——-=u=

l.."‘

- 3(4\..(,‘_5) Parent Graph: \A
V. Strerda by 3(y) -x -3

‘Vefleck over y-oads (D Type: gm-\iﬁ
- Shidd right Sa\ +Up \(_3

domain: (-00 00) range: (,\,.OO)

2(4Y +)

interval of creasing: 60 c0) =301024)+\
-de’_ J =304\

end behaviors: > 2 Q0

asymptote: 5‘9 =\ y - int: £0,3_Q':‘-§ )

As X =00, 3—) \
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Summary of Transformations

Transformation of f(x) Transformed Function
Vertical shift of k units up y=f(x)+k, fork>0
Vertical shift of |kl units down y=f(x)+k fork<0
Horizontal shift of h units right y =f(x-h),forh>0
Horizontal shift of 1 h units left y=f(x-h),forh<0
Vertical stretch by a factor of |a| y = af(x), where |a| > 1

Vertical compression by a factor of |a| y = af(x), where 0 < |a| <1

Horizontal stretch by a factor of |1/b| y = f(bx), where 0 < |b| <1

Horizontal compression by a factor of
|1/b]

Reflection across the x-axis y =-f(x)

y=f(bx), where |b| > 1

Reflection across the y-axis y = f(-x)

January 30, 2019

Describe the transformations to the function f(x) = 2.
1. g(x)=2*"°—7 2. g(x)=3(2)°

Stk 13 () V- Shretdh oy 3 (W)
PSWif down ¥ (Yy) - shif righe 3 (x)
= - A

8. g(x) = 1/3(2) +5 4. g(x)=-(2)°% N —2
V. Comp. by fa () - refledt over x-axis ()
-ahift vp S L\&) ", omp. by /3 (x)
= 1"‘1!;1:5 SNt right | (x) $x4|-u -2
5. g(x) = 2">"3 o, SUFE A 1 L9)

- L%.(X + ‘O) - vefHest ovevr y-oxis ly)

al S'\-r'c\’dr\bgz-(") th. b oy 2 )
c Shilk legt OO - S\r\’n¢+|f€+~ 4 (x)

Ml__g —fi‘-q—‘é—-

10
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