Topic: Logarithmic Functions and Their Graphs
1. Review:

Find the value for each of the following expressions:

a.log,2 b.log,4 c.log,8 d. log,16 e. log,1024

f. complete the table

X 1 1 3 9 27

3
logyx

g. The logarithm (log,b) is defined for what values of a and b ?

2. From the table you completed above in part f, we found that the relationship

“x = logsx” (from x to log base of three x) is a function:y = log;x .

(BEEEEHx > 0,8Hog: xR EHEZH—EE)

Definition of Logarithmic Function with Base a
Forx > 0,a > 0, and a # 1, the function

y =log,x (Read as “log base a of x)

is the logarithmic function with base a.

The domain of y = log, x is {x|x > 0}(the set of all positive real numbers).

The range of y = log,x is {y|y € R}(the set of all real numbers)



3. Graphs of logarithmic functions
a. y=logyx
complete the table, plot the points from the table, and connect them with a

smooth curve then sketch the function in the coordinate plane.

X 1 1
9 3
y 0 1 2
Y
> X
0
b.Consider that y = log%x = — logzx(why?), use the concept of symmetry to sketch

the graph y = log%x.

v




4. 7£ Desmos AR ES (x) = log xRZEEFLBIR a (INrEZEHEMEERR(E)REE
REREF 2T EZ TR
a. How do you describe the shape of these graphs?

(Read this article https://www.mathsisfun.com/calculus/concave—up—down—

convex.html. )
b. Under what conditions are the graphs increasing or decreasing??

c. Do the graphs have any asymptotes?

Q

Do the graphs intersect x—axis or y—axis?
e. How many zeros do these functions have and why?

f. Describe the main features of the graphs of all logarithmic functions of the form

fx)=log,x,a>0,a #1

5. Conclusion

The characteristics in the graph of y = log,x

a>1 O<axl
Graph
Characteristic | ® x—-intercept: (1,0) e x—intercept: (1,0)
S * vertical asymptote: x =0 * vertical asymptote: x =0
e increasing (when the y-value * decreasing (when the y-
increases as the x-value value decreases as the x-—
increases) value increases)

e concave downward e concave upward



https://www.mathsisfun.com/calculus/concave-up-down-convex.html
https://www.mathsisfun.com/calculus/concave-up-down-convex.html

6. Graphs of logarithmic functions and exponential functions
Construct a table of values for the following functions. Plot the points from the table
and connect them with a smooth curve then sketch each function in the same

coordinate plane.

a. f(x)=2* y

b. g(x) =log,x

v

c. Are the graphs y =2*and y = log,x symmetric to the line y = x? State your reason.

d. Are the graphs y =a* and y = log,x symmetric to the line y = x? State your reason.
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Today we’re going to learn the logarithmic functions and their graphs.
Before that, let’s do the review, we will check it in two minutes.
OO(Z5—1@EEIZ) Would you like to share your answer?

[BEEE]
1. Review:

Find the value for each of the following expressions:

a. log,2 b. log,4 c.log,8 d.log,16 e.log,1024=10
= z2 =5 =4

f. complete the table

X l 1 3 9 27
3
logsx - 0 | 2 3

g. The logarithm (log,b) is defined for what values of a and b ?
050 and ax| , b20
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2. From the table...lAT &1

[%l 2iEEN L HF]
BEBR B E

[AI2EME T /1R /5]
What is the logarithmic function? From the table you complete of the
review, we found that there “x — logy;x” (x to the log base three of

x ). AARREREP > BMEIGEETEEES > 0,8 og:xIEHE 2 1E
—HETE ° FTlAxERIog;x BERENFH(ZR » BAL y = logyx. This is the
logarithmic function with base three.
So, the definition of logarithmic function with base ais y =log,x (y
equals to log base a of x). And we have to notice that the restriction
of the variable x should be positive and the base a should be positive
but not equal to one.
3. Graphs of logarithmic functions...IA TN &g
(B2 EEN L HE]
RENENRRSEEY = log ERLHALHEONSEY = log, X
AIEZ
[FI2EE T /2R / Fi5]
What does the graph of the logarithmic function look like?
Let’s take y = logsx for example. Follow the direction on the
worksheet to sketch the graph y = log;x. We will check it in two
minutes.
OO(Z5—1EREIE2) Would you like to share your answer?
Let’s use the concepts we’ve learned before to sketch the graph of
y =log X,

Any volunteers would like to explain why y = log%x = —log;x ?
BRI AEER BEEE Ly = log%x HIEFZIE 2
BEBATNREEBMAEEREIX Yy = log%x HOES -

EIEERF - RERRETENS ?
(B ERAIXC AR EY = loglx IRy = logzx NyEEZE—E&SR - Fi

DAt AP A2 S By - )



RES

{EREZ

nE

(EREZ

4.7f Desmos F... AT BB

[ EE = HE]
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Let’s use Desmos to explore more graphs of logarithmic functions
with different bases.

Follow the directions on the worksheet and use desmos to answer the
questions. We will discuss in five minutes.

5. Conclusion...l.A TEHE -

[ EE L HE]
HHRHBEATHRIE -

[FI2ZrE X /i / AR5
Let’s tidy up what we discussed about the characteristics of

logarithmic functions graphs.
Let’s go through the conclusion on the worksheet.

6. Graphs of logarithmic functions and exponential functions...lIA &

iz
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[FI2EZ MR T /2R / Fi%]

We know that the logarithm is a different way to look at the exponent.
So,do their graphs have relationships? Let’s take base 2 for example.
Follow the directions on the worksheet and answer the questions. We
will discuss in five minutes.

We observed that the graph of y = log,x is the reflection of the
graph of y = 2% in the line y = x . Is it right for any bases of
logarithmic functions and exponential functions? Let’s take the base
2 for example. The explanation:

P(a, p) is any point on the graph y = 2* ;therefore we get
P = 2%which can also write in the form of @ = log,f} . Hence, the
point(f3, &) is on the graph y = log,x,vice versa. So, the graph of

y = log,x is the reflection of the graph of y = 2" in the line y = x.
[(B2EEHE

We observed that the graph of y =log,x is the reflection of the graph
of y =2%in the line y = x . Is it right for any bases of logarithmic
functions and exponential functions? Let’s take the base 2 for
example. The explanation:

P(a, p) is any point on the graph y = 2* ;therefore we get
P = 2%which can also write in the form of @ = log,f} . Hence, the
point(f, &) is on the graph y = log,x,vice versa. So, the graph of

y = log,x is the reflection of the graph of y = 2% in the line y = x.

Parent Graphs for Logarithmic Functions

The graph of f(x) = log,, x is shown below for b > 1 and for 0 < b < 1. Because
Jf(x) = log, x and g(x) = b* are inverse functions, the graph of f(x) = log, x is the
reflection of the graph of g(x) = b~ in the line y = x.

Graph of f(x) = log, x for b > 1 Graph of f(x) =log,xfor 0 < b < 1

Note that the y-axis is a vertical asymptote of the graph of f(x) = log,, x. The
domain of f(x) = log, x is x > 0, and the range is all real numbers.
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