
-1 

8.1 Understanding Logarithms 	 R7 
(p. 370-379) 

The logarithmic function is the inverse of the exponential function. 
Remember, to find the inverse of a function we switch the x and y values and 
then solve for y. 

Exponential function 

y= bx 

Inverse function 

x = b Y  

Notice that the y-value is now an exponent. 

In order to isolate and manipulate exponents, we must use something called 
the logarithm function. 

y =logb  x where 	b base of the log 
y the logarithm (the answer) 
x ----> the argument 

Exl: Sketch the graph of y = 2x  and its inverse. 
1  

— 

1 2')<  

X 	Cf 

Z 

I 	2.. 
0 

	

Q.1-k 	S-14itck X .41 

X 

Note: The equation of the graph of the inverse is 

If 
2. 

y = log2  X 
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Itlypikhvc  
Ex2: Express m = 4" in logarithmic form. 

109 Li  hfl 	h 

Ex3: Express log2  8 = 3 in exponential form. 

WE ktow fids 
Lx_ 	 fric_tv 

Ex4: Evaluate he following expressions: 

108 	a) log2 16 = x 

a N.NP61::  

x 

b) log2 
dcl lr  

ho l -them 	2" X 

0 log3  (-27) 

het+ posJal (es to  ce_i CU  

t \r-AVA4  • 

h 0 soh-) 

Thus, logB  A = C where A > 0, B> 0, and B I 

Note: The base of a logarithms cannot be negative. 
The argument (A) of a logarithm is always positive. 
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0 IiN 	A--tP c174 

y 
C — e)  

"7:— CA,_ 

Ex5: Solve the following equations: 

a) logx  5 = 
1 	

b) log x = —3 

I 0 

0 0 

e=
niti  

)e.  
Note: When the base is not indicated, this means that there is a base of 10. 

logx = log10  x 

Some Basic Logs to Remember: "Quicksnappers" 

a) log 1 = 	0 	 c_x 	 --- 

b) logc= - 

c) logc  cY = 
	

‘0 	
X 

c, 
x 	2,1 
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Try these; Evaluate 

iii) 	log10 

\ 	
1(1 

Ex6: Estimate the following value: 

1 g 30 

C6 n --a- 

OLI 

 

Homework: Page 380 #1-5, 7-10, 13-15 
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Exl : Sketch the graphs of the functions y = 3x  and y = log3  x . 

Note that these two functions are inverses of each other.  
vo(A.  f  Eiv 

k). 

10(1  Ab , 

2 

8.2 Transformations of Logarithmic Functions 
	

R9 
(p. 383-391) 

Note: The graph of Y = log3  x has a vertical asymptote at x = 0 
because x > 0 is a restriction of the argument. 
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Ex2: Sketch the graphs of the following functions on the same 
Cartesian plane. 

a) y = log, x 	b) y = log4  x 	y = log x 	d) Y = 

Note: All the graphs pass through the point (1,0). 
The base of the logarithm determines the next point. 

Base 2—>(2,l) 
Base 4 	(4,1) 
Base 10 —> (10,1) 

y = log2  x 	2Y = x 	 2 _> 	(2,1) 

Page 6 



1 

0 B1318 \60/ 	ato 
t 

(1 of bin( l'Atortrel 

\90V 5171p 

Ex3: Sketch the graph of the function Y = 1,0k5 + 2)-1. 
(PR 2)  down ± 

State the domain: Ex› 	or E21  ot) ) 	N 	1095  6A + 2)-  

)(+2>() 
-Z • 

Determine the y-intercept: 

y 	109 5  (pi 2.) 

y lv; 

( y 	a 5.7 
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IQ33 (3-6) + 1  

y 193  3 +- I 

Ex4: Sketch the graph of the function .3)  = 10  
base 

xt3) 	((x-3) 
3 — x) + 1 	\1 .1.1 .31_ 3 

/ • rthed- 
op 	over royis, 

  

   

-2 

x  <-3 
Determine the following characteristics of the graph: 

Domain: 	RI X < 3 	or (— az) 3) 

Range: yER 	Op_ (-8/), ) 

x-intercept: a 	19 7 (3 	t I  

— 	1C).7: (3—>c  ) 
- 1 	') 3 3 

- y-intercept : 	3 ' -3 
3 = 

x -22'3 
Equation of the asymptote: 

>< =3 

Homework: Page 389 #1, 3-9, 15 
Page 9 



1/4 
Cctik) 

Ce--°  

r7.)) 

l) 

) 7-) 

-:-._ 

LA) 

Homework: Graph each of the following and find the 
intercepts: e?-- 	 (\I,. (.1/4 

1) Y = — log2(x) + 3 

3) y = ln(x 1) 

.7/ 
2) y = 2log(x + 1) — 1 ----- 

4)  

( 	-4  1/4 2- 3 - 

C t c_) Col —0) 
c‘o \ 

x. 

,d)) 

(_ 1/4 t  o 	—) 	o) 

t) 

?<, 
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log, MN = log, M + log, N 

log — = log M — log, N 
a  N 	a  

3 log, Mx = x log, M 

ex: log3 	= 

8.3 Laws of Logarithms 	 R8 
(pages 392-400) 

1 

2. 

ex: log2  6 = /QC 

ex: log.-
8 

= ic)01 
3 

4'3) log Pi 1°9 3  

I oP 3  
ci x 

3 io3•3  

 

log  x 
loga  x = 

log a 

    

      

013b's law 
014 base bol--1-61y) 

  

ex: 1og2  7 = 
103 a 

= 

       

The log button on a calculator is of base 10. Therefore, this button 
can only be used to find solutions to questions with base 10. 

For example, log2  7 cannot be entered into the calculator. 
We must use the 'change of base' law to convert this expression to 
base 10 and then a calculator can be used to solve it. 

log 7  
log 7= 

log 2 
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H 7:1  

Exl: Simplify the expression 2logx — (logy —1 
 
logz). 

o3 	k  ‘05 \--„ 
I(  

k  

X \, 

Ex2: Expand the expression loge  
B2D 

taa'' 	
rz, " 

Ex3: Simplify and evaluate the following expressions using laws of 
logarithms. 

a) log6  8+ log6  9 — log6  2 

e_ ' - ' - ' • 

1  

kg::=< .-- 	,t- c 
) -2- 

\'‘ 

---1 a 

r 
b) 2 log2  12 — log2  6 + —

1
log2  27 

3 	i 	ttl  
2_ 
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2. 
( 77-- ) 

' 

k 

*0 LI -.L4'4 

Ex4: If log, 2 = 0.30, log,  3 = 0.48 and loge  5 = 0.70, evaluate 

loga l5C3 

Homework: Page 400 #1-3, 5-10 
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ve_n 

10,9).  

S.4--kogarithmic and Exponential Equations — Part 1 
(cASE 	 t 	= (0,9 E 

Simp(• wiv„ro 
possib(c 

(.2) om, 	beS S 

-f--km you Oh r6P 

R10 
(pages 404-412) 

kr: -Solve: log, x -2)- log, x = log2  3 

10(32 (xx-2) = 1032  3 

(ix) CA-- ) 

3X 
- ,sx 

0174 (Aft 

no Soi'n 

Ex2: Solve: log4  (11 - + log4  + = 2 

(\AA/ 103 rvw 	# 

16 ----- 11x 4-66-X 2j4x  

X 5x — 5D D 
Cx-io YX US 

(r)_(7 -01 X = 

11-0-1 	 =16 
106 =lb v 	--s+6 --- I 1/ 

otvc. 4-or X - 

Te n'423 8-1) 1 

m 
vand- 	si- 

1̀1-Ve • 	ro 	-thon 

grt ckek d.ohp 
• y---K-2 >> 02,0 . 

Siri\idati !Otis 
Where p6,ciEtt 

® 	YOU Ict:  
ci 

too 41,4 =It 

Ci 0 2 1-0 	90(g frtifi 

Cr 1.4friti 
A 

Ckedc 

g 	-; • I , 

e tkel 
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1 ) 	 • 

. 	.... 	. 

n 	ve cp Kalyvi 

,S • 	I) • gi 

)4- 

Your turn 

Solve: 2197g x— log(x +2) = log(2x -3) 

ioc X 1— I o CA-  + 2-) 	Ioj Cx-3) 

	

109 	103(.2x-3.) 

(x.14 )(2j 	(-)ct2J)  

	

) 
	2x24  Lk -3x

o  
- (2 

.= 
o ( 	)( 

-ye nrjvcouth 
A noi t, o n 

Solve: log6  (x + 3)=1— log6  (x +4) 

0:9(t,  00'1) 	Ito!) (v  (Xi it

• 	

) T".. 

10 (, (1)0r.*:j 

-1-  

0 	+4  

— 

xi-3) 
) -3 

' 
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Solving Exponential Equations With Different Bases 

When the bases of exponents cannot be changed to the same value 
we must use logarithms to solve the equation. 

Exl: Solve: 3x = 8 
	

Note: Although we do not know the 
value of x, we can estimate that 
x 	1.9 . 

To access the exponent (the variable), take the "log" of both sides. 
This will allow the exponent to drop down in front of the "log" and 
become accessible. 

„ 
iskJOW f oiiit& X 

Now uc'i.e cbiodliAt 
ev-abatito, 
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• M113 

Ex2: Solve the following equation below 
Express the answer correct to 3 decimal places. 	TUT'S 

IA3 130+1) 31 c,{Q‘;: 

("?-*) Drop dotevn apoiviv 
AL )1 biA0Mi'd 

to Ilk blnkti-S 
M YIP

lt 	

Enand 
co+ 	ank vcie j  
It's On i4v2- H\Q-r- 
Is4( cce, X.  

E) aa[u,k, 
cetitt44-f-Dr 

a) 19x-5  -= 32X+1  

103 I Ct )(-5 	1 01/49  3  

(X-5) /051 61 = (2)(1-1) 10\53  

X1031 q-5 ioi 19 2x1o53+-  00 j3 

105 19-2033 10@ 31- 5 105)9 

X (11 	 , 

11-210,9 3 

x 

.10j 19 -2:10 3 

b) 2(3)x = 63x-i 

1914 to expand 

o 2 (3)x  
109 3)(   

'----$)( 103 

3 —3)\-ro 	—Jo ,fv —io 

(1Qcji 3— 10 3 b 1 

7_11P 7,1,9 

a' 

Homework: Page 412 #1-6, 7(a & d), 8(a & b), 20b), Cl, C4b) 

Note: 2(3)x  
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8.4 Applications of Logarithmic & Exponential Functions 	R10 
Part 1 

Exl : The Richter magnitude, M, of an earthquake is defined as M = log 
,4 \ 

where A is the amplitude of the ground motion and Ao is the amplitude 
associated with a "standard" earthquake. 

a) In 1946, in Haida Gwaii, British Columbia, an earthquake with an 
amplitude measuring 107-7 times Ao struck. Determine the magnitude of 
this earthquake on the Richter scale. 

'ti\-1 ,_ 	,,,, 	/  
6 , 
	1 C.) 

.......,■•••.....,.....,..t-4,.....-- - . 
P C:'  

..., 	.A," 

0  

frAk., 

b) The strongest recorded earthquake in Haida Gwaii was in 1949 and had 
a magnitude of 8.1 on the Richter scale. Determine how many times 
stronger this earthquake was than the one in 1946. 

5,1,:\917L :1  k 	Lt 

4, 

 

M, 

A 

-Pr\Q_ ■-‘7\ 	ac,‘ csa 
Page 17 
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Ex2: The pH scale is used to measure the acidity or alkalinity of a solution. it 
is defined as pH = —log(H) where It is the concentration of hydrogen 
ions measured in moles per litre (mol/L). A neutral solution, such as 
pure water, has a pH of 7. The closer the solution is to 0, the more 
acidic the solution. The closer the solution is to 14, the more alkaline 
the solution. 

a) A cola drink has a pH of 2.5 whereas milk has a pH of 6.6. How many 
times as acidic as milk is a cola drink? This is calculated by comparing 
the number of ions in each substance. 

CotC) 	-loq(1-11 ) 	 /03 

19(1-1+)  

COMpan.S0 1) 	10_6,6 	iz  5 sq 	more  

10 	 CA' 44,1' 

b) An apple is 5 times as acidic as a pear. If a pear has a pH of 3.8, 
determine the pH of an apple. 

r 	3. ,Fs 	lo ( 

-9.  
3 - H 

P 
----- 3, 10 
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Recwyvrenckci 

_Ss io 10311-) 
10 76 
53'. S 

10' t = Jo  

10 g15(1-0) r 

Ex3: The human ear is able to detect sounds of different intensities. Sound 

intensity, fl, in decibels, is defined as 13=1010g—where / is the intensity 
/0 

of the sound measured in watts per square metre (W/m2), and /0  is 10-12  
W/m2  which is the threshold of hearing. 

13 of Irerwrivzivsk8 	 p GL IV 
a) It is recommended pi on wears protective ear gear when the 

sound intensity is tcy3) or greater. The MTS Centre measures 110d 
when the Jets score a goal. How many times louder is the MTS 
Centre than the recommended maximum sound intensity? 

Cor, 

b) A truck emits a sound intensity of 0.001 W/m2. 
Determine its decibel level. 

wi
2,  m 

P 
13 = 10 (03 C(72.1  

10 
/0-12  

77: /0 /03 /0-3-  (-11) 

11}0 10 

Homework: Page 381 #17 & 19, Page 391 #13, Page 401 #13(b & c), 14,16 

= 

-/-1)  316 SMe /jr.  

-Mai) -1-Ab 
Irfroirovh 
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The value of e and the Natural Logarithm 

Like n, e is a symbol used to represent the number 2.7 

e = 2.718281828.... 

It has its own special logarithm called the natural log 
« In » is used to represent the natural logant and th 
')" "n'' (110 -1.  

Exl: Sketch the graph of y = ex  and its inverse y =lnx 

18281828... . 

arithm. 
us as a base of « e » 

1 	 3 	 

2 

-3 	-2 	-1 

3 

Note: « In » has exactly the same properties as « log ». 

Exl: Evaluate the following expressions: 

ln-35 	S 

bia( (filico a hr 

— 0.511 

?- 
b) lne-3)  

)03e  C 

3(i) 
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lOgs =x 

 

9,  LA.1 CAC 5 

Ex2: Solve the following equations. 

c 

= 

tt\ 
	

1(\ 

C4C 	\2 

Let 
b) ein(2y-1) = 5  

s 

d) ln(x +1) = 1+ lnx 

tr\ 	 y_ 

-3 
1 	• 

e- — ....... 	.)‹. A___ \ 

K, 

elt c4t-... 
)c 

''''t'-- 	A 
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Homework: Word Problem Worksheet 

c 

The value of e is often used to solve exponential application problems. 

Ex3: There are 500 mice found in a field on June 1. On June 20, 800 mice are 
counted. If the population of mice continues to increase at the same 
rate, determine how many mice there will be on June 28. 

Use A = P e" where P = initial value 
A = final value 
t = time, in days 
r = rate of increase or decrease 

Note: If r>  0, then the function increases exponentially 
If r < 0, then the function decreases exponentially 

0 
r 

303 
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Word Problems 

1. A radioactive substance is decaying according to the following formula y = AC° 2x  

where A = original amount and y = amount remaining after x years. 
a) If we started with 80grams of material, how much is left after 3 years? 
b) Find the half-life. 

2. A $5000 investment earns interest at the annual rate of 8.4% compounded monthly. 

A = 	+ —
n )

nr 

a) What is it worth after 1 year? 
b) What is it worth after 10 years? 
c) How much interest is earned after 10 years? 

3. At the present time there are 5000 type A bacteria. The rate of increase per hour is 0.025. 
How many bacteria can you expect in 24 hours? A = 

4. A radioactive substance decays at a daily rate of 0.13. 
How long does it take for this substance to decompose to half its size? A = Per' 

5. If you invest any amount of money at 11.25% compounded quarterly, how long will it take for the 
111 

6. Craig invests $1000 in a mutual fund which is supposed to grow at 10% compounded annually. 
Laura has concerns about the stock market so she buys $2000 worth of bonds paying 5% 
compounded annually. After how many years will Craig's investment be equal in value to Laura's? 

A = 	+ r] 
,it 

r 
investment to double? A = P ( 1 + — 

/1 
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7. Determine how many monthly investments of $200 would have to be made into an account that 
pays 6% annual interest, compounded monthly, for the future value to be $100,000. 

A = P[1+ —) 

HI 

*#8 is missing 0 

9. The population of a certain country is 28 million and grows continuously at a rate of 3% annually. 
How many years will it take for the population to reach 40 million? A = Pert  

10. A radioactive substance decays so that the amount present is "P" grams after "t" years according to 
the following: P = 50e-135t. What is the half-life of the substance? 

11. The most intense earthquake ever recorded was in Chile in May 1960, with magnitude 9.5. 
In January 2010, Haiti experienced an earthquake with magnitude 7.0. 
a) Calculate the intensity of the Haiti earthquake in terms of a standard earthquake. 
b) Calculate the intensity of the Chile earthquake in terms of a standard earthquake. 
c) How many times as intense as the Haiti earthquake was the Chile earthquake? 

Give answer to the nearest whole number. 
( A 

M = log 
A o 
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Word Problems 

Ae-0.2x 
1. A radioactive substance is decaying according to the following formula y  

where A = original amount and y = amount remaining after x years. 
a) If we started with 80grams of material, how much is left after 3 years? 
b) Find the half-life. 

2. A $5000 investment earns interest at the annual rate of 8.4% compounded monthly. 
a) What is it worth after 1 year? 
b) What is it worth after 10 years? 
c) How much interest is earned after 10 years? 

3. At the present time there are 5000 type A bacteria. The rate of increase per hour is 0.025. 
How many bacteria can you expect in 24 hours? 

4. A radioactive substance decays at a daily rate of 0.13. 
How long does it take for this substance to decompose to half its size? 

5. If you invest any amount of money at 11.25% compounded quarterly, how long will it take for the 
investment to double? 

6. Craig invests $1000 in a mutual fund whickiS's4osed to grow at 10% compounded annually. 
Laura has concerns about the stock Market so she buys $2000 worth of bonds paying 5% 
compounded annually. After how many years will Craig's investment be equal in value to Laura's? 

7. Determine how many monthly inVeStinents of $200 Would have to be made into an account that • 
pays 6% annual interest, compounded monthly, for the future value to be $100,000. 

8. A person borrows $15000 to buy a Car. The person can afford to pay $300 a month. 
The loan will be repaid with equal monthly payments at 6% annual interest, compounded monthly. 
How many monthly payments Will the person make? 

9. The population of a certain country is 28 million and grows continuously at a rate of 3% annually. 
How many years will it take for the population to reach 40 million? 

10. A radioactive substance decays so that the amount present is "P" grams after "t" years according to•  
the following: P = 50em-135t. What iS the half-life of the substance? 

11. The most intense earthquake ever recorded was in Chile in May 1960, with magnitude 9.5. 
In January 2010, Haiti experienced an earthquake With magnitude 7.0. 
a) Calculate the intensity of the Haiti earthquake in terms of a standard earthquake. 
b) Calculate the intensity of the Chile earthquake in terms of a standard earthquake. 
c) How many times as intense as the Haiti earthquake was the Chile earthquake? 

Give answer to the nearest whole nunibet 
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