Day 4 - Transformations of Logarithmic Functions continued after.notebook April 04, 2019

Understanding Logarithms

Focus on...

demonstrating that a logarithmic function is the inverse of an
exponential function

sketching the graphof y=1log_x, ¢ >0, c# 1
determining the characteristics of the graph of y=log x, ¢ >0, c# 1
explaining the relationship between logarithms and exponents

expressing a logarithmic function as an exponential function and
vice versa

evaluating logarithms using a variety of methods
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exv&'\e'\-‘\"‘
For the exponential function y = ¢*, the inverse is x = ¢. This inverse
is also a function and is called a logarithmic function. It is written as
v = log_x, where ¢ is a positive number other than 1.

— \O o\f\'\'\\"\\(
Logarithmic Form Exponential Form
r exponent —1
log. x=y - ' =x

1— base

Since our number system is based on powers of 10, logarithms with
base 10 are widely used and are called common logarithms. When
vou write a common logarithm, you do not need to write the base.

For example, log 3 means log,, 3. of \03 \20 = \03\60
10

logarithmic
function logarithm common logarithm
* a function of the form ¥- an exponent * alogarithm with

y = log_x, where * inx=c yis called the base 10

c>0and c# 1, that logarithm to base c of x

is the inverse of the
exponential function

y=c*
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Write each of the following in logarithmic form

‘/G\'\S 5/@(? 1
a) 32=2 by 270 = o x=107
4) 32

Base \o (X\:
N o J
\039@ = \03"’(5)\ _ \oqX = 4

Logarithmic Form Exponential Form

r exponent _l

log. x=y

b et

Write each of the following in exponential form

ans
1
3 Jog, 16 = 2 1o ( j s 9log65=18129
Brse ©
1,619
2 -5 QO =69

S
LI S
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Example 1
Evaluating a Logarithm

Evaluate.
a) log, 49 =" b) log. 1= O ¢) log 0.001 =-3 d) log, V8 =\s

\ogLﬁ 29 |03\ e loa 0-00\ _ 3y \o $_ 15
\031 \ 36 ’%P\B— @53

x= o 31u,q X= 1035 \ X = \0\30.00\ X=log 83
/) ,l\(\ 6)(: ‘ ‘07‘—0 0o\ ax:r

\/a

o WeE WA 29

K= 0 X=-2 Bx:(g\
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Example 2
Determine an Unknown in an Expression in Logarithmic Form

Determine the value of x. ((mvcrlﬁ J‘o ex?mqnlf.lf«‘ %d‘%

a) log. x=-3
b) log, 36 =2
c) log, x= %

N \035x2~5 (\03_&(“3 \DB \03’(36‘—9 (\03%««5
6.3 ~ X Qex‘)_%u"“ N\~ 96 (ex?gum)

(5

A \036‘-\)( =% (\os&xm}

Eﬁ%:x (e"e Socer)
\©o = X
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C,\'\aple( ~]

“Lnverse

C\'\pP ec B

EXPO‘\QV\’\“-O\\ /’\ LOLC)m' I'JC\'\W\\.L/

X
Yy=cC >0, c*l

D IxIxeR]

R 14\ 4> 0,yK

% nt L Oong
3~\;r\\‘ | 3:\ or ©
HA™ y=0

N

Y= \°3c’< ,C>0 et
» D. {x\ X>Q XER o ()
s R {YYERS or Coneo)

X-inlr" x=1 (1,0
7 ,
\55- mjr . oML

VA, x=0
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Example 3
Graph the Inverse of an Exponential Function

a) State the inverse of f(x) = 3~

b) Sketch the graph of the inverse. Identify the following characteristics
of the inverse graph: (,( \5\ —> (5, X
* the domain and range
* the x-intercept, if it exists
* the y-intercept, if it exists
* the equations of any asymptotes

3:5X ?asses “’LQ “LT
N §R=>

y=3
R= ?)3 (e X S‘“’"’\\

Anwverse

B 973 w0 y= g X
X4 Xy
2|\ Yq |-9

- \/:,) a |-l
ol | O

[ ! e ‘
0|9 q |9
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Solution
a) The inverse of y = f(x) = 3*is x = 3" or,

expressed in logarithmic form, y = log, x. Since the

_ _ ) _ ) _ _ How do you know
inverse is a function, it can be written in function that y = log, xis

notation as a function?

b) Set up tables of values for both the exponential function, f(x), and its
inverse, f~'(x). Plot the points and join them with a smooth curve.

X
y- 3 y=log, X W3
f(x) = 3¢ f'(x) = log, X & ’
: L - : o fix) =3 !
X v | X v | © ]
1 1 ] ‘
-3 57 > -3 5 =
l l A , ‘ .
2 3 3 2 4 y ‘bﬁ X
-1 13 % -1 /T, ‘ :z.--—-'}
0 1 1 0 g — L >
‘_5_4_25&? 4168 [%
1 3 3 1 s \‘ \‘C>
2 J g 2 . A Flx)l=log, ¥
3 27 27 3 y = x| - T
&
AEONS ¥

The graph of the inverse, f~'(x) = log, x, is a reflection of the graph

of f(x) = 3* about the ]ingy = X. Fmt‘j[x] = log, x,]

* the domain is {x | x > 0, x € R} and the range is {y | y € R} ov \-00,®
* the x-intercept is 1 o (‘,O)

* there is no y-intercept

* the vertical asymptote, the y-axis, has How do the characteristics of

equation x = 0; there is no horizontal J~!(X) = log, x compare 10 the
characteristics of f(x) = 37
asymptote
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Key Ideas

o A logarithm is an exponent.

o Equations in exponential form can be written in logarithmic form and

vice versa.
Exponential Form  Logarithmic Form
x=c' v=log x

e The inverse of the exponential function y=c¢*, ¢ > 0, ¢ # 1, is
x = ¢’ or, in logarithmic form. y = log_ x. Conversely, the inverse of
the logarithmic function y =log x, ¢> 0,¢c+# 1,is x=log_yor, in
exponential form, v = ¢~

o The graphs of an exponential function and its inverse VA [ [fy—279-
logarithmic function are reflections of each other in the 4 .
line y = x, as shown. 7

2 S =

o For the logarithmic function y = logc x,c>0,c# 1, :/
= the domainis{x|x > 0,x e R} T 4] 12 L.g g %
= the range is |y | y € R} ;—xrl 2|/ = 1dg,x
= the x-intercept is 1 . 4
= the vertical asymptote is x = 0, or the y-axis 1 ¥

e A common logarithm has base 10. It is not necessary to write the base
for common logarithms:

log , x=logx
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Questions from Homework

DAAPVERISH
R Tylyh
-t x=\

e\

S—EnJY‘_ NN
VA, %x=0

|

) \3 ;‘—egwx
x-()
\oj ‘/b(X) = b

3-: IOSV;<

b} ix\x>o)7&(—(§
B {ylyhi
-t x=)
3-inJY'. o
VA, xX=0

17. The growth of a new social networking
site can be modelled by the exponential

function N{t) = 1.1°, where N is the
number of users after t days.

a) Write the equation of the inverse.

b) How long will it take, to the nearest
day, for the number of users to exceed
1 000 o007
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‘qu ans

Qo 03(\0000003 G% — \0 = {00000

—B'SS( 'G\\“S Qx?'
@ Q) \OSHW = 13_)
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\o \
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8.1 Understanding Logarithms, pages 380 to 382

1. a) i) 7 ¥ i) y=1log, x B.a) y=log x
S iii) domain b) 79 domain [x | x > 0, x € R],
V:Z" - o {XII}U'XERL A _l,"::Elx ra]l'-'lge{}r'yER}r
- N range [y | v € R}, M x—mte:-rcept 1.
-+ o X x-intercept 1, no 1/ no y-intercept,
. .I" }f—interc:ept, T vertical asymptote x = 0
= I V|=log, x vertical asymptote B | T
L 4 x=0 Sz ol 2 [*
b) i} [& [v4 i) y=log, x 2y=|:rg,x
\ 4 Y= 05'3 X iii) domain ¥ )
1.;[!;3 ?-FT.VXEERT' 10. They are reflections of each other in the line y = x.
[T x-intercent 1 11. a) They have thf-z elxact same shape. ]
V= 131 int P ’t b) One of them is increasing and the other is
= = ? no y-inlercepl, decreasing.
of ™l 4 vertical asymptote 12. a) 216 b) 81 ¢ 64 d) 8
4 [T x=0 13.a) 7 b) B
2.a) log, 144 =2 b) log, 2= 4.2 0 b) 1
¢ log 0.00001=-5 d) 125; (v+3)=2x 15_' 18
3.2) 5°=25 b) 8 =4 17.3) t=log N b) 145 days
) 10f = 1 000 000 d 1*=x+3 18. The larger asteroid had a relative risk that was
4.3 3 b) 0 0 1 d) —3 1479 times as dangerous.
3 19. 1000 times as great
5. d= 4, b =5 20. 5
2l. m=14,n= 13
22. 4dn

23, y=%
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Transformations of
Logarithmic Functlons

\@xm$

« explaining the effects of the parameters a, b, h,andkiny=a Iu::ugE (b(x — h)) + k on
the graph of y = log_x, where ¢ > 1

« sketching the graph of a logarithmic function by applying a set of transformations to
the graph of y = log, x, where ¢ > 1, and stating the characteristics of the graph

Focus on...

Remember:
Parameter Transformation
a (x. ¥) — (x ay)
b (x93 Y)
h (X ¥)— (x+hy)
k (X V) — (x, v + k)

14
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Example 1
Translations of a Logarithmic Function

a) Use transformations to sketch the graph of the function
v=log, (x+9) + 2.
b) Identify the following characteristics of the graph of the function.
i) the equation of the asymptote  ii) the domain and range
iii) the y-intercept, if it exists iv) the x-intercept, if it exists

Q) 3:\\03%5()({0_\\ t,?__ C=3 > baxt

°~:\ - M\ verlr;cc\\ S’\Oz\‘c\\ o (J Iecjr'm\ .
b=\ > \'\or.\zaA‘v\\ ,;\(A.C\,\ of (A:\Qc\'lm\

h=> 9 w\\lts \e%\-
k=2 3 uoits wp

(xy) — ('TX*G‘“» \BJ";)
U\%\% (x_q 3\3)@)
y=>

-2 \'a
- \/3

\
'3
q

15
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bo\A. X=-9

M. IX\X>-% xRS o (-9,00)
®.{ 3\ 56?\73

6'\\3 ik (x=0) ™) X int (3:03
5: \033()”0\\*9 y- \oss(m"b«%

4= \033(0 ﬂ) 49 OW

3: \o gq\ A9 —J= \033(x+c\) 60380«1)
wdoo | T 1\
) 9+ /:%5 L A

y="4
(o;&\ (&) = x+9
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Example 2
Reflections, Stretches, and Translations of a Logarithmic Function

a) Use transformations to sketch the graph of the functior

y = —log, (2x + 6). 2)(**5
b) Identify the fn]lowmg characterlstlcs ofoée oraph of the function.
i) the equation of the asymptote ’\
ii) the domain and range
c="

iii) the y-intercept, if it exists
iv) the x-intercept, if it exists

a-=-\ A\ler\\.co\\ R&\{cjr\.m\ " lY\v\n X - O\X;S

b=93 — \'\0\'\20“\0\ Qo«\?(&\(ﬂ\ C\\Oo'\A J(\\Q 5— O&\S
a Socve of a

ha '\Tc\“ﬁ\a\( 3 weils (5%

k=0 — WNo \m)r\Co\\ \Tc\v\s\c}“d“
Cx,xgﬁ[%"”j) )'\31—6}
oy 0

B @ VAL x=>
& DIRIX> 2 xek)
R, {\\j\\\)ﬁ\zj

&y b (x=0) W) x-wnb (40
= ,\ﬁga(xﬁaﬂ Y- - \osa@(xa)‘)

- v _— (_3(7635}

g -\, 1200 ) 0: 1 et

¥ ‘\\P—%Q o= \039@3’5)} (lony S
\ hY ans

Y= - (a.%%) ;:P: 3::5> Exp %

“5=3x
=]

2>
loq®
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‘\SS\S'\wnJr
X—Imjr (3“0)

g7 2lg D>
0= 3\03 ( X+ D@

_l~ J\ ~x+\>

\J

~\ = \033 ~X*\> (\03\

f)‘p

&sg GV\Q,

-\
3 = -xA &fx‘)

|
._:~X\
3
N V= =X
3
13 =-x%
>
22 =%
R N
=
S _
/3—x

3— ;,,\\— (Xz O)
\j = \033(‘7\*\0 +9
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Key Ideas

@ To represent real-life situations, you may need to transform the basic
logarithmic function y = log, x by applying reflections, stretches, and
translations. These transformations should be performed in the same
manner as those applied to any other function.

e The effects of the parameters a, b, h, and kin y = a log_(b(x — h)) + k
on the graph of the logarithmic function y = log_ x are shown below.
Vertically stretch by a factor of |a| about the Vertically translate k units.

Xx-axis. Reflect in the x-axis if a < 0.
y=alog (b(x— ) +k

Horizontally stretch by a factor of H}‘ about the I | Horizontally translate h units.
y-axis. Reflect in the y-axis if b < 0.

@ Only parameter h changes the vertical asymptote and the domain. None of the
parameters change the range.

20
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Homework

Questions #1, 2, 4, 5, 8, 11 on
page 389 - 391

21
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