Exponential & Logarithmic Functions Lesson #5:
Changing the Base of Logarithms

Warm-Up #1

In the previous lesson we discussed logarithms with many ditferent bases. In order to do
numerical calculations on a calculator, we use two specific bases - base 10 and base e.

Common Logarithms

Common logarithms are logarithms in base 10, eg. log;,1000. These logarithms are in
such common use that when a base is not given the logarithm is understood to be in base ten.
For instance,

log;,1000 is often written as log 1000

On a graphing calculator, this can be evaluated using the | LOG | key.

Class Ex. #1

Evaluate each of the following logarithms manually and by calculator.
3
a) log 1000 b) log -/ 1000
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Natural Logarithms

!

Natural logarithms are logarithms in base e eg.log,15. e is an irrational number, the value
of which will be determined in Warm-Up #2.

log, 15 is often written as In 15

On a graphing calculator, this can be evaluated using the | LN [key.

cassEx.#2 || Evaluate the following logarithms to one decimal place where necessary.
7o a) In5 Qdmla\o( b) log,5 ¢) Ine
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122 Exponential and Logarithmic Functions Lesson #5: Changing the Base of Logarithms

Warm-Up #2 is not required for this course, but may give students a greater understanding in
preparation for higher level math courses.

Warm-Up #2 Approximating the Value of e

The formal definition of the irrational number e is the limit as x approaches infinity of the

X
. l . . _ .
function f{x) = (l + ?) . Complete the following table to determine the value of this function

as x gets very large. Usethe | TABLE |feature of a graphing calculator and work

to 4 decimal places.

X 10 100 1000 10 000 100 000 1 000 000

(.%)" 15651 (17008 [206 [amsl | 4w | A7

Estimate for e is 11\93

A more accurate estimate can be determined by pressing the | ¢ | key on a graphing

calculator.

The value of e to 9 decimal places is l‘ L 1924) “'%

Warm-Up #3

= B‘) :52 kj:‘l’

b) Try to evaluate logs50. What problem do you encounter?
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At the moment we are unable to evaluate logs50, but by converting to common logarithms, or
natural logarithms, we can use a calculator to determine the value of logs50. The method for
converting from one base to another is discussed in Warm-Up #4
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Warm-Up #4 | Change of Base

a) Evaluate. nd9 "
log 25 log,25 _ 3.0 _
i logs25+Y i) —= (deulgl i) —— o— =2
5 ]ngS ]{'.lgt,s l.(pd‘
Yy 2
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b) Evaluate.
log 243 log,243
i log;243 + i) o3 ol ey ¢ 0
y J
3‘1:'56 - W3

‘515
¢) Write log,64 in a form which can be evaluated using a calculator.
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Change of Base Identity

¥

% Change of Base Identity

log,c

log,c = log, b

This formula is NOT on the formula sheet

We have seen in Warm-Up #4 that the above identity is true for converting logarithms to base

10 or base e. In fact it holds true for converting logarithms to any base. The example below

supports this.

log,1024 lo.() hal %l 5
log,4 — z -

bt g IRRCE
log

i) Evaluate log,1024 ii) Evaluate

We will be able to prove this identity in a later lesson when we have developed an
understanding of the laws of logarithms.

Class Ex. #3 Evaluate the following logarithms to the nearest hundredth by changing the base.

™,
£h

1
‘ 22 i < 9
a) logs221 b) ]ngzl(JUU c¢) 3log,512

= o 39d . . log 3
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Class Ex. #4

=™y,
£_0

Convert the following logarithms to the base indicated.

a) logg216 to base 3 b) log 300 tobase5
10
b
< \ 9 - \0\35300
b
[033 l%lb

Class Ex. #5 Find the exact value of the following.

™,
fille'

a) ]ng3% b) 2logg512 ¢) —lngf[ﬁ)
2 i 512,
:\g(lmﬂ : 1(%5; « - K\o (1%343)

foc 2 26) =L o

< b =16 -2
d) IogsZS) leg{; e) ]ngz'-,ll.':ﬁ f) ]ngTi].f,l‘ﬁ
1065 rve -5
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Complete Assignment Questions #1 - #10

Assignment

1. Evaluate each of the following logarithms.
a) log 100 b) log 10° ¢) log+/ 100 d) log 0.01

2. Evaluate the following logarithms to the nearest tenth.

a) In20 b) log,8 ¢) In e’

3. Convert the following logarithms to the base indicated.

1
a) logg35 to base 7 b) log 5 tobase 6 ¢) log;50 to base e
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4. EBEvaluate using the change of base identity to the nearest hundredth:

| :
a) logsl7 b) logys39 c) d) —2log;, 6 e) logg8
: - logs3 -
5.  Evaluate each expression:
a) 4]ng4-1 b) l()]ngmli)(}{}

6. Describe how to graph v = logsx using a graphing calculator. Sketch the graph and
determine the x-intercept.

JYMGTNEY7- Which of the following has a negative value?
Choice

5 2 2
A, -log,(0.1) B. logy| 5 C. log: 3 D. log, 3

8. The value of the expression log_ 8 + 2logg3 to the nearest tenth is
Response to

9. Given the equation log;x = log,60, the value of x to the nearest whole number is

10. Iflog,27 =log 53, the value of x to the nearest whole number is
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126
Answer Key
1
1. a) 2 b) 6 ) d) -2
n
log735 ]”96(?} log .50
3. a c)
log+8 loggl0 log,.3
4. a) 176 b) -2.56 c) 146
5. a) 4 b) 1000
) logx . .
6. Graph y=— x-intercept is 1
log3
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2.

~1.44
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7.0

3.0
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1.00
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