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3.5 Properties of Logarithms 
For use with Exploration 3.5 

Name _________________________________________________________  Date __________  

Essential Question How can you use properties of exponents to derive 
properties of logarithms? 

Let logbx m=  and log .by n=  

The corresponding exponential forms of these two equations are 

 xb m=   and yb n= . 
 

 

Work with a partner. To derive the Product Property, multiply m and n to obtain  

  .x y x ymn b b b += =  

The corresponding logarithmic form of x ymn b +=  is log .b mn x y= +  So,  

  logb mn = _________.  Product Property of Logarithms 

 
 

Work with a partner. To derive the Quotient Property, divide m by n to obtain  

  .
x

x y
y

m b b
n b

−= =  

The corresponding logarithmic form of x ym
n b −=  is logb

m
n x y= − . So,  

  logb
m
n = _________.  Quotient Property of Logarithms 

 
 

Work with a partner. To derive the Power Property, substitute xb for m in the 
expression log ,n

b m as follows. 

  ( )log log  

log

nn
b b

nx
b

m

b
nx

=

=
=

Substitute for .

Power of a Power Property of Exponents

Inverse Property of Logarithms

xb mxb  

1 EXPLORATION: Product Property of Logarithms 

2 EXPLORATION: Quotient Property of Logarithms 

3 EXPLORATION: Power Property of Logarithms 
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3.5 Properties of Logarithms (continued)

Name _________________________________________________________  Date _________  

 

 

So, substituting logb m for x, you have  

  log n
b m = _________.  Power Property of Logarithms 

 

 

Communicate Your Answer 
 4. How can you use properties of exponents to derive properties of logarithms? 

 

 

 5. Use the properties of logarithms that you derived in Explorations 1–3 to evaluate 
each logarithmic expression. 

  a. 3
4log 16  b. 3

3log 81−  

 

 

  c. 2 5ln lne e+  d. 6 52 ln lne e−  

 

 

  e. 5 5log 75 log 3−  f. 4 4log 2 log 32+  

 

 

 

3 EXPLORATION: Power Property of Logarithms (continued) 
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3.5 Notetaking with Vocabulary 
For use after Lesson 3.5 

Name _________________________________________________________  Date __________  

In your own words, write the meaning of each vocabulary term. 

base 

 

properties of exponents 

 

 

Core Concepts 
Properties of Logarithms 
Let b, m, and n be positive real numbers with 1.b ≠  

Product Property log log logb b bmn m n= +  

Quotient Property log log logb b b
m
n m n= −  

Power Property log logn
b bm n m=  

Notes: 
 

 

 

Change-of-Base Formula 
If a, b, and c are positive real numbers with 1b ≠ and 1,c ≠ then  

   loglog .
log

b
c

b

aa
c

=  

In particular, loglog
logc

aa
c

=  and lnlog .
lnc

aa
c

=  

Notes: 
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3.5 Notetaking with Vocabulary 
For use after Lesson 3.5 

Name _________________________________________________________  Date __________  

In your own words, write the meaning of each vocabulary term. 

base 

 

properties of exponents 

 

 

Core Concepts 
Properties of Logarithms 
Let b, m, and n be positive real numbers with 1.b ≠  

Product Property log log logb b bmn m n= +  

Quotient Property log log logb b b
m
n m n= −  

Power Property log logn
b bm n m=  

Notes: 
 

 

 

Change-of-Base Formula 
If a, b, and c are positive real numbers with 1b ≠ and 1,c ≠ then  

   loglog .
log

b
c

b

aa
c

=  

In particular, loglog
logc

aa
c

=  and lnlog .
lnc

aa
c

=  

Notes: 
 

 

Worked-Out Examples

Example #1

Expand the logarithmic expression.

Example #2

Condense the logarithmic expression.
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Chapter 5

5.4 Exercises (pp. 279–286)

Vocabulary and Core Concept Check

 1. To condense the expression log3 2x + log3 y, use the Product 
Property of Logarithms.

 2. Use the Change-of-Base Formula with the common logarithm 
or with the natural logarithm to evaluate the expression on 
a calculator.

Monitoring Progress and Modeling with Mathematics

 3. log7 3 = log7   
12

 — 
4
  

    = log7 12 − log7 4
    ≈ 1.277 − 0.712

    = 0.565

 4. log7 48 = log7 (4 ⋅ 12)

    = log7 4 + log7 12

    ≈ 0.712 + 1.277

    = 1.989

 5. log7 16 = log7 42 = 2 log7 4  ≈ 2 ⋅ 0.712  = 1.424

 6. log7 64 = log7 43 = 3 log7 4  ≈ 3 ⋅ 0.712  = 2.136

 7. log7   
1
 — 

4
   = log7 4−1 = −log7 4  ≈ −(0.712) = −0.712

 8. log7   
1
 — 

3
   = log7   

4
 — 

12
  

    = log7 4 − log7 12

    ≈ 0.712 − 1.277

    = −0.565

 9. The expression matches B because 

  log3 6 − log3 2 = log3   
6
 — 

2
   = log3 3 by the Quotient Property 

of Logarithms.

 10. The expression matches D because 

  2 log3 6 = log3 62 = log3 36 by the Power Property 
of Logarithms.

 11. The expression matches A because 

  6 log3 2 = log3 26 = log3 64 by the Power Property 
of Logarithms.

 12. The expression matches C because 

  log 3 6 + log3 2 = log3 6 ⋅ 2 = log3 12 by the Product 
Property of Logarithms.

 13. log3 4x = log3 4 + log3 x 14. log8 3x = log8 3 + log8 x

 15. log 10x5 = log 10 + log x5 
   = 1 + 5 log x

 16. ln 3x4 = ln 3 + ln x4 
   = ln 3 + 4 ln x

 17. ln   x — 
3y

   = ln x − ln 3y 

   = ln x − ln 3 − ln y

 18. ln   6x2
 — 

y4   = ln 6x2 − ln y4 

  = ln 6 + ln x2 − ln y4 

  = ln 6 + 2 ln x − 4 ln y

 19. log7 5 √—
 x   = log7 5x1�2 

  = log7 5 + log7 x1�2 

  = log7 5 +   1 — 
2
   log7 x

 20. log5   
3
 √
—

 x2y   =   1 — 
3
   log5 x2y 

  =   1 — 
3
   log5 x2 +   1 — 

3
   log5 y 

  =   2 — 
3
   log5 x +   1 — 

3
   log5 y

 21. The error is the application of the Product Property, there 
should be a sum rather than product.

   log2 5x = log2 5 + log2 x 

 22. The error is in the location of the 3, it is on the wrong term.

   ln 8x3 = ln 8 + 3 ln x

 23. log4 7 − log4 10 = log4   
7 — 
10

  

 24. ln 12 − ln 4 = ln   12 — 
4
   = ln 3

 25. 6 ln x + 4 ln y = ln x6 + ln y4 = ln x6y4

 26. 2 log x + log 11 = log x2 + log 11 = log 11x2

 27. log5 4 +   1 — 
3
   log5 x = log5 4 + log5   

3
 √
—

 x   = log5 4  3 √
—

 x  

 28. 6 ln 2 − 4 ln y = ln 26 − ln y4 = ln 64 − ln y4 = ln   64 — 
y4  

 29. 5 ln 2 + 7 ln x + 4 ln y = ln 25 + ln x7 + ln y4 
  = ln 32 + ln x7 + ln y4 
  = ln 32 x7y4

 30. log3 4 + 2 log3   
1 — 
2
   + log3 x = log3 4 + log3   

1 — 
4
   + log3 x 

   = log3   
4x

 — 
4
  

   = log3 x

 31. B;

  log5    
y4

 — 
3x

   = log5 y4 − log5 3x  Quotient Property

   = 4 log5 y − (log5 3 + log5 x)   Power and Product 
Properties

    = 4 log5 y − log5 3 − log5 x  Distributive   
  Property
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3.5 Notetaking with Vocabulary 
For use after Lesson 3.5 

Name _________________________________________________________  Date __________  
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Change-of-Base Formula 
If a, b, and c are positive real numbers with 1b ≠ and 1,c ≠ then  

   loglog .
log

b
c

b

aa
c

=  

In particular, loglog
logc

aa
c

=  and lnlog .
lnc

aa
c

=  

Notes: 
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3.5 Notetaking with Vocabulary (continued)

Name _________________________________________________________  Date _________  

Extra Practice 
In Exercises 1–4, use 2log 5 2.322≈  and 2log 12 3.585≈  to evaluate the 
logarithm. 

 1. 2log 60  2. 2
1

144log  3. 2
12
25log  4. 2log 720  

 

 

 

 

In Exercises 5–8, expand the logarithmic expression. 

 5. log10x  6. 6ln 2x  7. 
4

3 3log
3
x
y

 8. 24ln 3y  

 

 

 

In Exercises 9–13, condense the logarithmic expression. 

 9. 2 2log 3 log 8+  10. 5 5log 4 2 log 5−  11. 3 ln 6 ln 4x y+  

 

 

 

 

 

 12. 2 2 2
1
3log 625 log 125 log 27− +  13. 6 6 6log 6 log 2 2 log 3y x− − +  

 

 

 

 Practice A

Practice (continued)



121
Copyright © Big Ideas Learning, LLC

All rights reserved.

3.5 Notetaking with Vocabulary (continued)

Name _________________________________________________________  Date __________  

In Exercises 14–17, use the change-of-base formula to evaluate the logarithm. 

 14. 3log 17  15. 9log 294  16. 7
4
9log  17. 6

1
10log  

 

 

 

 

 

 18. For a sound with intensity I (in watts per square meter), the loudness L(I) of the sound (in decibels) is 

given by the function ( )
0

10 log IL I
I

= , where 0I is the intensity of a barely audible sound (about 

1210− watts per square meter). The intensity of the sound of a certain children’s television show is half 
the intensity of the adult show that is on before it. By how many decibels does the loudness decrease? 

 

 

 

 

 

 19. Hick’s Law states that given n equally probable choices, such as choices on a menu, the average 
human's reaction time T (in seconds) required to choose from those choices is approximately 

( )2log 1T a b n= + • +  where a and b are constants. If 4a =  and 1,b = how much longer 
would it take a customer to choose what to eat from a menu of 40 items than from a menu of  
10 items? 

 

Practice (continued)
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5.4 Practice B 

Name _________________________________________________________  Date __________  

In Exercises 1–3, use 5log 3 0.683≈  and 5log 6 1.113≈  to evaluate the 
logarithm. 

 1. 5log 81  2. 5
1
6log  3. 5

1
2log  

In Exercises 4–6, expand the logarithmic expression. 

 4. 7
3log 12x  5. 

2

6 3
5log x
y

 6. 8log 6 xy  

 7. Describe and correct the error in expanding the logarithmic expression.  

   

In Exercises 8–11, condense the logarithmic expression. 

 8. 9 95 log log 4x −  9. 8 8
1
4log 5  log x+  

 10. 2 ln  4 5 ln 3 ln  x y+ +  11. 6 6 6
1
3log 9 2 log 3 log x+ −  

In Exercises 12–14, use the change-of-base formula to evaluate the logarithm. 

 12. 8log 15  13. 3log 30  14. 4
8

17log  

 15. Your friend claims you can use the change-of-base formula to write the expression 
ln  
ln 3

y  as a logarithm with base 3. Is your friend correct? Explain your reasoning. 

 16. For a sound with intensity I (in watts per square meter), the loudness ( )L I  of the 

sound (in decibels) is given by the function ( )
0

10 log ,IL I
I

=  where 0I is the 

intensity of a barely audible sound ( )12about 10 watts per square meter .−  The bass 

guitar player in a band turns up the volume of the speaker so that the intensity of 
the sound triples. By how many decibels does the loudness increase? 

 

 

 Practice B




