MODULES 7 & 8 — EXPONENTIAL AND LOGARITHMIC FUNCTIONS

1. No Calculators

2. Fill in values that you already know (No guessing)
3. Figure out more values by multiplying dividing or looking for patterns.
4. Answer the questions at the bottom of this paper.

Write the answers to
each of the following.
You should not need to
use a calculator for this.

12 =

22 =

32 =

42 =

52 =

62 =

7% =

82 =

92

102 =

112 =

122 =

Fill in the missing cells of the
table by following the pattern.

25 32

24 16

23

22

21

20

Fill in the missing cells of the
table by following the pattern.
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your work above.

Notice that when exponents are zero or negative, the original meaning of an exponent has to change.
For example, 2* = 2-2-2+2 = 16, but what about 2° or 273. Explain why 2° or 273 have the values described in

Evaluate each expression given in exponential form.

.e—2 _ 1
Ex: 5 =

1. 30 =

2. 53

4. 273 =

5. 572 = 6. 3%




*Solve each using Guess & Check. Round answers to the nearest hundredth.

8. 10%¥ = 14517 9. 4-2* =1000 10. 2% = gx+1

Simplify each expression. Leave answers with only positive exponents.

11. 38-3* 12. (2°)3 13. 572 14. ¥ 15. 273

0

16. 573:5° 17. (3%)* 6!t 19. 278. 24 51
(39 18. 20. =

21. 4%:23 2. 272 23. 513 .51 24. (53)" 5. 5
35 513

26. 573 27. (5)5 - (25)? (25)° (5)° (25)°

28. BE 29. (2572 30. BB

31. 7277 30 7_j 33. 77 =+ 72 34. (7%)7 35. (77)2
7

36. (72): 37. 9¥3. 273

Module 7: Lesson 2 Solving Exponential Equations
Solve each equation using a “like base” strategy. Check your solutions.

38. 3* =38

39, 2% = 82x+1

40. Solve 2X+4 = 4%

41. Solve 3¥*1 = 32%

42. Solve 12% = 12°

43. Challenge: 3**1 = 5%

44. Copied from Module 7: Lesson 2 - Extra Example 1
Solve Exponential Equations Algebraically

Solve 27 = 64710,

x=[ ]




Scientific Notation

Here are some examples of numbers in scientific notation.
Approximate distance from Earth to the Sun: 1.5 - 108 km
Length of a red blood cell: 8.0 - 107 meters

Approximate World Population: 7.2 - 10° people

Here is what certain values would look like w/o scientific notation.
Mass of Earth: 13 170 000 000 000 000 000 000 000 Ibs.
Approximate distance from Earth to the Sun: 93,000,000 miles

Mass of an electron:
0.00000000000000000000000000000091093822 kg

When comparing the two sets of examples above, why do you think Scientific Notation is used outside of a school building?

Review properties of exponents if needed.

To write a number in Scientific Notation:
Scientific Notation shows the product of two numbers.
The first number in scientific notation must be between 1 and 10.

The second number is the appropriate power of 10 that produces an equivalent value to the number not in scientific notation.

Write out each number shown in scientific notation.
1. Approximate distance from Earth to the Sun: 1.5 - 108 km

2. Length of a red blood cell: 8.0 - 10~° meters

3. Approximate World Population: 7.2 - 10° people

Write each of the following values in scientific notation.
4. Mass of Earth: 13 170 000 000 000 000 000 000 000 lbs.

5. Approximate distance from Earth to the Sun: 93,000,000 miles

6. Mass of an electron:
0.00000000000000000000000000000091093822 kg

*Evaluate each without a calculator, and leave your answer i

n scientific notation. Check answers using your calculators.

7. (3.2-10%)(2-10%)

8. (6-10%)(3-1072)

9. (14-107%)(5-1075)

(9-107)
T (310%)




Module 7: Lesson 1 — Graphing Exponential Functions

1. a. Fillin the table for the
following exponential
function. Try not to use your
calculator and instead of
decimals, use fractions when
necessary. If you need your
calculator to get started, go
ahead, but then try without.

1. b. Set up a scale for your graph by using the information that you filled in for the
table, and then graph the function y = 2*. Again, if you need to use your calculator
to help get started, go ahead, but then try without.

2. a. Fillin the table for the
following exponential
function. Try not to use your
calculator and instead of
decimals, use fractions when
necessary. If you need your
calculator to get started, go
ahead, but then try without.

(Notice the negative exponent here.)

y=37"

£ 1Yy

2. b. Set up a scale for your graph by using the information that you filled in for the
table, and then graph the function y = 37*. Again, if you need to use your calculator
to help get started, go ahead, but then try without.




Transformation Review

1. Graph the following
exponential function.

2. Of the six points that you just graphed, which
one do you think is the “memorable point” of
the bunch? Why?

3. Look along the x-axis. Do you think the curve
that you graphed will ever touch the x-axis?
Why or why not?

Definition: Asymptote — a reference line that a
curve will approach, but never quite reach

* Use what you know about transformations, the “memorable point”, and the asymptote to graph each. If you need to
use your graphing calculator for the first two questions, please do so. Your goal is to not have to use your calculators.

4. y=2*+3

5. y= 2x+5

6. y=-2%

7.y=27%

8.y=27"%-1

9. y=2¥*+6




* Consider the function y = f(x).

Example: If | wished to move this function two up, | Example: If | wished to move this function seven to the
would write this function as y = f(x) + 2. left, | would write this functiony = f(x + 7).

Write the adjusted function for each of the following:

10. Reflect the function over the x-axis. 11. Move the function two to the right and three down.

12. Reflect the function across the y-axis. 13. Reflect the function over both axes and move the
function up four.

Copied from Module 7:1 Extra Example 1.

Graph Exponential Growth Functions Part B
Consider f (x) = 4". Find the domain, range, y-intercept, asymptote, and end behavior.
Part A
Select the graph of f (x) = 4.
domain: v
Oa ¥ Os 7
16 T 16
14 4
12 2f— range: v
10 10 T
A ; ' intercept
4 4 y-intercept: v
2/ | 2/ P
—1 -1
—4-3-2-10y 1 2 3 4x —4-3-2-104 1 2 3 4x
asymptote: v
Oc Ob 7
16
1‘: end behavior: asx = —o0, f (x) = v |and as x = oo, f (x) - v
10
(- 6
N N
~3—3—2-10y 1 2 3 4x ~3—3-2-10§ 1 2 3 4x
Copied from Module 7:1 Extra Example 3.
Analyze Graphs of Exponential Functions b. h{x) =k-f(x) c. jix) =Ff(x)+k
Identify the value of k and write a functlon for each graph as Itrelates to f (x) = 7*. ¥
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Module 7: Lesson 2 Solving Exponential Equations (Applications of Exponents and Logarithms)

Review — Graph the following exponential functions.
1. y=2* 2, y=27%
X y
X y
-2
-3
-1
-2
0
-1
1
0
2
1
3
2

As you look at both graphs, what point is consistent in both
situations? Why is this?

Again as you look at both graphs, both seem to be getting
closer and closer to a reference line called an asymptote. How
would you describe the location of this reference line on the
graphs above?

You should see a connection with the two graphs/equations and what you know about transformations. Write a short

explanation regarding this connection.

When looking at the equation for an exponential function, how can you tell that it is describing decay?




Copied from Module 7:1 Extra Example 4.

Part A

Oa

Steps

1 23 4567 89 %712 =

Days

123 45 67 8B %1TMN1R2oEx
Days

Os.

Select a graph to represent the number of steps Addison takes.

L=

S/0e0n)
450
S0
2500

2 3 45 67T 8900 R 13

Days

S0}
2500
200
1500

000
S}

Steps

C 1234567 E3WVNR G

Days

this slituation.

Use Exponential Growth Functions

@ FITNESS Addison Is particlpating In a fitness challenge. Each

day, for 2 weeks, she wants to Increase the number of steps she
takes by 10%. If Addison takes 2000 steps the first day, use a
graphing calculator to graph and Interpret a functlon representing

PartB

s

Estimate the number of steps she will take on the last day of the challenge.

Look these up:

Boiling Point of H20

Celsius

or

Fahrenheit

Celsius

Freezing Point of H20

or

Fahrenheit

Activity: Observing Exponential Decay

Objectives:

a. Observe exponential decay in real-time
b. Make predictions about decay over time

c. Identify that functions can be represented as tables, graphs, and equations

d. Calculate a regression function with given data
e. Observe and predict idea of a limit




Module 7: Lesson 5 — Modelling Data
Fill in the table below based on the measurements as the boiling water cools. Room Temperature:

Time (t) 0 15

30

45

60

75

90 105 120 135 150 165 180

Temp. (T)

Graph the collected data information by

plotting the points.

How would you describe the shape or behavior of this graph?

We have discussed a reference line called an asymptote.
Your graph is approaching an invisible horizontal line. How
would you describe the location of this reference line?

On your calculators, use STAT -> EDIT to input the data from the table into lists L1 and L2.
Talk with your teacher on how to adjust your data for the horizontal asymptote.

Time (t) 0 15

30

45

60

75

90 105 120 135 150 165 180

Temp. (T)

Fool the
Calculator

On your calculators, use STAT -> EDIT to input the data from the table.
Now use STAT -> CALC -> ExpReg to calculate the equation for the best equation that fits this data.

Write your equation here:

Now adjust this equation to fit the actual data from the
experiment.

y:



https://www.youtube.com/watch?v=mxt4kmwWrsA

1. Increase 30 by 70%.

2. Decrease 250 by 80%.

3. 450 increased by 35%.

4. 145 decreased by 67%.

5. Increase your answer from #1 by 20%.

6. Increase your answer from #2 by 70%.

The Multiplier -> The “High School” method of increasing or decreasing by various

percentages. Many applications for exponential growth/decay.

after 10 years?

7. 1 $10,000 is deposited in a savings account earning 4%
interest every year, how much money is in the account

8. A $17,000 car depreciates in value by 15% each year.
How much will this car be worth in six years?

Identify whether each exponential function is growth or decay. Also, discuss the details of each function.

9. y = 5(1.25)

10. A =1000(1.08)"

11. f(x) = 5(.92)%

12. g(x) = 54-%x

13. y = 10(2)*

14. A =12 G)x

12. b(x) = 40(3.8)*

13. z(x) = 0.4*

14. k(x) = 500(.99)*

15. f(x) = 17(4)*

16. Frank invests $12,000 in an
account that earns 7.5% interest
compounded annually. What is the
total amount of his investment after
3 years?

17. Compare the ending amounts of a $5000 investment at 18% annual

interest for 10 years when:

a. Compounded Yearly

b. Compounded Weekly

c. Compounded Daily

d. Compound every second




1. Draw a rough sketch of exponential growth.
(Keep in mind the “memorable point” and the horizontal asymptote.)

A

2. Draw a rough sketch of exponential decay.
(Keep in mind the “memorable point” and the horizontal asymptote.)

A

A

v
A
v

3. Discuss the information in this table.

AGE BEN INVESTS: ARTHUR INVESTS:

19 2,000 2,240 0 0

20 2,000 4,749 0 0

21 2,000 7,558 0 0

22 2,000 10,706 0 0

23 2,000 14,230 0 0

24 2,000 18,178 0 0

25 2,000 22,599 0 0

26 2,000 27,551 0 0

27 0 30,857 2,000 2,240
28 0 34,560 2,000 4,749
29 0 38,708 2,000 7,558
30 0 43,352 2,000 10,706
31 0 48,554 2,000 14,230
32 0 54,381 2,000 18,178
33 0 60,907 2,000 22,599
34 0 68,216 2,000 27,551
35 0 76,802 2,000 33,097
36 0 85,570 2,000 39,309
37 0 95,383 2,000 46,266
38 0 107,339 2,000 54,058
3% 0 120,220 2,000 62,785
40 0 134,646 2,000 72,559
41 0 150,804 2,000 83,506
42 0 168,900 2,000 95,767
43 0 189,168 2,000 109,499
44 0 211,869 2,000 124,879
45 0 237,293 2,000 142,104
46 0 265,768 2,000 161,396
47 0 297,660 2,000 183,004
48 0 333,379 2,000 207,204
49 0 373,385 2,000 234,308
50 0 418,191 2,000 264,665
51 0 468,374 2,000 298,665
§2. 10 524,579 2,000 336,745
53 0 587,528 2,000 379.3%
54 0 658,032 2,000 427,161
55 0 736,995 2,000 480,660
56 0 825,435 2,000 540,579
57 0 924,487 2,000 607,688
58 0 1,035,425 2,000 682,851
59 0 1,169,676 = 2,000 767,033
60 0 1,298,837 = 2,000 861,317
61 0 1,454,698 = 2,000 966,915
62 0 1,629,261 = 2,000 1,085,185
63 0 1,824,773 = 2,000 1,217,647
b4 0 2,043,746 = 2,000 1,366,005
65 0

$2,288,996 *™ $1,532,166

4. What are the implications represented in the table to the left?

5. Use an investment application online to explore different
investment possibilities. Write down some of these options.




Copied from Module 7: Lesson 5 — Example 1

Examine Scatter Plots

quadratic, or exponential function.

2.8

Use a graphing calculator to make a scatter plot of the data In the table. Then determine whether the data are best modeled by a ifnear,

3

Copied from Module 7: Lesson 5 — Example 2
Model Data by Using Technology

@ COFFEE Forty years after opening thelr first shop, a popular

coffee company grew to over 17,000 locatlons worldwide. The table Coffee Shop Growth
shows the number of shops In the years since the company began.
Use the data to determine a best-fit model. Then, use the model to Years Years
make predictions. Since Shops Since
Opening Opening
0 1 28 2498
16 17 30 4709
18 55 32 7225
20 116 34 10,241
22 272 36 15,011
24 677 38 16,635
26 1412 40 17,003
Copied from Module 7: Lesson 5 — Extra Example 2
Model Data by Using Technology Part B

WORLD POPULATION It Is estimated that the world

population reached 1 billlon around 1804. Since then, It has been RETeEDED
Increasing at a dramatic pace. The table shows the estimated world 19200
population In bllllons since 1900. Use a calculator to determine the
model of best fit. Then, use the model to predict. 0

50

60

70

80

90

100

10

Use the model to predict.

Population

(billions)

1656 a. 1930:E

2.558

3.043

373

awso |
4.451

5289

6.089

6.892

b. 1995:E

oo |

Use the original data to estimate the world population in the given yesars.

€. 2020: E

Use the model of best fit to predict the world population in the given year

cao0 |




*Solve each using Guess & Check on your calculators. Round answers to the nearest hundredth.

1. 10* = 14517 2. 2* =1000

3. 5.3* = 123456

These questions have “nice” solutions, so do this set without a calculator.

4. 2% =8 5. 5* =25

6. 2% =1
) 8

. 2% =64

10. 3* =1
9

11. 5* =125

MODULE 8: Lesson 1 — Logarithms and Logarithmic Functions

The word logarithm originates from two Greek words:
Logos meaning reason or logic
Arithmus meaning number

So the word logarithm basically means a logical number.

Example: The logarithm base 10 of 1000 looks like this:

log,01000

Which means... “To what number do you have to raise 10 to get 1000?”

The answer is 3 because 102 = 1000. Therefore, log,,1000 = 3.

Try these. Evaluate each. The first answer is given as an example.

13. log,8 =13 13. logs25 14. log,32 15. log,64
16. log,4 17. log,1 18. log,?2 19. log,1
20. log, (%) 21. log;81 22. logs (2—17) 23. logs (%)

* Introduction to Solving Logarithmic Equations - Solve each

for x.

24. log,8 = x 25. logs5 = x

26. logqg (ﬁ) =x

27. 3* =37

28. 7x+3 — 72x+1 29. (2)x+4 — (4)x

30. log,49 =2

31. logsx =4




Solve each for x.

32. log,4 = 1 33. log,ox = log,y6 34. log;,(x +1) =log,7 | 35. logz2x =2
2

36. log;(3%) = x 37. 1l0g,25 =§ 38. log,,9 = x

Find the value of v in each equation.

39. v =log,,1000 40. v = log,5225 41. v = log,,144 42. 8 =log,v

43. —4 = log,v 44. -3 = log,v 45 —2 = logv% 46. log,729 = 6

* Solving Logarithmic and Exponential Equations

47. 4% = 43x-1 48. 82 = 4*+5 49. log,¢(2x) = log1o(x + 7)

50. 310938 = x 51. log,32 = x 52. log,7x = log,(x? + 12)

*Evaluate each expression.

53. log,4 54. 5-log,4 55. l0g,4 + log,4 + log,4 + log,4 + log,4 | 56. log,4°

MODULE 8: Lesson 2 — Properties of Logarithms

There is a Loga rithm button on your calculator. Find it. The common log of 1000 can either be written log,,1000 or log 1000.

LOG (If a base of the logarithm is not shown, it is assumed to be log base 10.)

This is similar to a square root not needing to show the root index. Remember
thatv and ¥ mean the same thing.

Itis a “common logarithm” or log;, “log base 10” and is on our calculators because our number system is base 10.

Test it out.

l0g1,1000 = 3 which means that 103 = 1000. Type log 1000 on your calculator. Did it work?




1. Now calculate and estimate the following to the nearest hundredth.

log106 =

We will be using this value as a reference to assist us in discovering some properties of logarithms.

2. In a-i, cross out or scribble out any of the following equations that are NOT true.

a. log6 =log2 +1log3

b. log6 =log?2 + log4

c. log6 =log3-log3

d. log6 =log2 +1log3 +logl

e. log6 =log1+log6

f. log6 =log12 +log2

g. log6 =log1.5 +log4 h. log6 =2-log3

i. log6 =1og10 + log(.6)

3. On the questions that are NOT crossed out, what property of the numbers
do you think allows the equations to be true?

4. Create a new equation using log 6 that is similar to the

09106 =

information above.

5. Based on what you have discovered, create a rule for
each of the following.

a. logm +logn =

b. loga +logb +logc =

Verify your answers with me before moving on.

log106 ~

We will be using this value as a reference to assist us in discovering some properties of logarithms.
6. In a-i, cross out or scribble out any of the following equations that are NOT true.

a. log6 =1log12 —log6

b. log6 =1log18 —

log12

c. log6 = Tog 2

log3

d. log6 =log6 —log1l

e. log6 =log12 —log?2

f. log6 =log8 —log?2

g. log6 =1log30 —log5

h. log6 =log15 —

log 2.5 i. log6 =log15 —1log9

7. On the questions that are NOT crossed out, what property of the numbers
do you think allows the equations to be true?

8. Create a new equation using log 6 that is similar to the

l0g106 ==

information.

9. Based on what you have discovered, create a rule for
each of the following.

logm —logn =




10. Warm Up

Simplifyx-x-x-x-x-x= Now Simplifyx +x +x+x+x+x =

Work on understanding the following series of equivalent expressions.

log 125 = log(53) =log(5-5-5) =log5 + log5 + log5 = 3 - log5

11. See if you can do the same for the following expression.

log(11°) =

12. Try to do the same thing (but in reverse) with the following expression.

5-log2 =

Are you seeing any shortcuts yet?

13. Based on what you have discovered, create a rule for each of the following.

n-loga =
* Properties of Logarithms continued Review/Extend
Condense each expression by writing each expression as a single logarithm. (Bring everything inside one logarithm.)

a. logx +logy b. logp —logq c. 3log-a

d. logs5 + logzx — 2log;z e. loggb+1 f. —logipa + logioc + 2log,ob — 3log,92d

Expand the logarithm and simplify.
g. log;18 h. logsV5

14. Warm-Up
Determine which expressions below are equivalent to the expression log;52. Cross-out the values that are not.

log;25 log;10 logs7 2logs5

log;5 + logs5 log;5 — logs5 log;100 — log;4 log;12.5 + logs2




*Solve each for x. Round answers to the nearest hundredth. Some of these will be Die Roll Questions (Part 1)

1. 10* = 14517 2. 5.3¥ = 123456 3. log;321 =x

4, 5* = 1500 5. 8% = 5000 6. 2* = 1000

7. log,800 = x 8. logs24720 9 (l)x _ 455
" \2

10. log,(5x —3) —log,(x* +1) =0

11. (g)x = (25)2%-1

12. 2logx +log2 = log(5x + 3)

13. log;(x? — 2) + 2logs6 =
log;6x

1\ X+1
14. (_) — 43x+2

15. V7 = 49x+1

16. 9% = 272

17. logs(x + 1) + logs3 = logs2x

18. 11* = 54925

19. log;(x + 1) —logz(2x) = 3 20. 5% = 2*+1 21. loge(x — 4) + loge(x + 5) = loge7
22. 6%* =867 23. 5e* =92 24. In(2x —1) =4
25. 5e¥ =92 26. In2x —1) =4 27. 53¢ = gx*+1




Investigating Inverses Algebraically

Review

1. y=2% 2. y=log,x 2. y=3* 4. y =logs;x

Determining Inverses Algebraically.

3. Determine the inverse for f(x) =v7x—1 4. Determine the inverse for h(x) = %x -7
5. Determine the inverse for f(x) = (x — 6)? 6. Determine the inverse for g(x) = vV2x — 3
7. Determine the inverse for f(x) = 2* 8. Determine the inverse for g(x) = 3*

9. Determine the inverse for h(x) = 10* 10. Determine the inverse for h(x) = 7*




Module 7: Lesson 3 =Special Exponential Functions (Applications of Exponential and Logarithmic Functions)

* Finding the natural base, e

nt
You should recognize this formula now for compound interest. A =P (1 + %)

nt
We are only going to focus on this part of the formula for now. (1 + %)

n
We are also going to set both r and t equal to one and only consider changes in the variable n. (1 + %)

Use your calculators to help fill in the table below. Go out to five decimal places.

17’1
n <1+—)
n

1

10 2.59374

100

10000

10000000

Now, use your calculators to determine the value of e rounded to the nearest hundred-thousandth.
The button for e is found above the button labeled LN. ex=

. . 1\"
Therefore in the expression (1 + Z) , as n gets larger and larger and larger, answers get closer and closer to

e is a number very similar to .
Both of these numbers use symbols to represent them because they are irrational...(decimal goes forever w/o repeating)
Both of these numbers were also discovered. You just went through an exercise to discover e.

* Solve each using a common logarithm and then a logarithm base e.

1. 5% =1700 2. e =3000 3. 3%t = g¥t7




Formula Bank

nt
Compound Interest Formula (whenn = 4,12,365,etc.): A =P (1 + %)

whenn = whenn = oo
A=P(1+1)t Continuously Compounded Interest: A = Pe™
A = Pe™t _t 1 2 E
1\halfl = — = i
A=A,em A=P (E) airte 1(dB) = 10log [Io] M =3log (1011-8)
N(t) = N, ekt

Warm-Up/Review

1. Increase 45 by 36%.

2. Decrease 167 by 13%.

3. Decrease 56 by 20%. Continue this process for four
more steps.

4. There is a $25 shirt that you would like to buy. The

store is offering 40% off the shirt. You also have a 15%
off coupon to use. Sales tax in this particular county is

6.5%. What will the cash register total be for your new
shirt?

5. The value of a painting is $12,000 in 1990 and
increases by 8% of its value each year. Write and
evaluate an expression to estimate the paintings value in
2005.

6. 11 bacteria cells double every 30 minutes. How many
cells will there be after:

a. 2 hours

b. 2.5 hours

c. 6 hours

7. $15,000 is placed in a savings account earning 7%
interest compounded monthly. How much will be in the
account if you let it sit for 15 years?

8. An investor puts $5000 in an account that earns 6.5%
annual interest which is compounded continuously. Find
the amount that will be in the account at the end of 5
years if no deposits or withdrawals are made.




* Solving Miscellaneous Equations Die Roll Meeting to follow. Name

a. Solve each equation for x using a method of your choice. Be sure to show/explain the method that you used.

b. Verify that your solution is correct.

c. Die Roll ?’s will be 2, 3, 9, and 10 to be solved without a calculator. Solutions found online.

1. 3x2—5=%x3+2x

(There are three different solutions to this equation. Find at
least two of the three solutions.)

Method used for solution?

2. 3-(11)* + 4 = 487

Method used for solution?

3. log(3x+1) =2

Method used for solution?

4, \8Bx+4—x=12+x

Method used for solution?

5. 252%*t1 = 144

Method used for solution?

6. 2x%> —5x = 2x + 15

Method used for solution?

7. 3x—5=§—8x

Method used for solution?

8. 3log(x) —log(6) + log(2.4) =9

Method used for solution?

9. 5e* =92

Method used for solution?

10. In(2x—-1) =4

Method used for solution?




* Extra Practice: Work on these questions involving the number e.

9. lodine-131 is radioactive material
that follows an exponential decay
model. A sample has 100 grams of
iodine-131. The daily decay rate of
jodine-131 is -.087. How much will
be left after 9 days.

10. How long would it take to
make $2,000 if you invested
$800 at 5% interest
compounded continuously?

11. You deposit $5000 in an account that
earns 11% interest compounded
continuously. How long would it take your
investment to:

a. double. b. triple

12. You deposit $1,000 in an account that earns 3%
interest compounded continuously. How much would be
in the account 20 years later?

13. Aninvestor wants to make his $30,000 into $50,000.
What rate would he need to get on his investment if he
deposits it into an account for 8 years earning continuous
interest?

14. Aninvestment service promises to triple your money
in 12 years. Assuming continuous compounding of
interest, what rate of interest is needed?

15. The population of a certain insect has a daily growth
rate of .02 and follows the law of uninhibited growth.
What is the population after 10 days if the initial
population is 5007

population growth is exponential.

16. The population of India was estimated to be 1,056,576,000 in 2000 and 1,234,281,000 in 2010. Assume that this

a. Use the exponential growth function, P(t) = P,e*t, to find the value of k.
b. Estimate the population in India this year, rounded to the nearest hundred thousand.
c. Use the function you wrote in part a to estimate the year in which the population will reach 2 billion.




Radioactive Decay

2a. Cesium-137 has a half-life of 30 years.

i. What is the decay rate of Cesium? | ii. How long will it take 400g of

Cesium-137 to decay to 320g?

iii. How long will it take a sample of
Cesium-137 to decay to 40% of its
original amount?

2b. Cesium-137 has a half-life of 30 years.

i. Determine a formula for the decay | ii. How long will it take 400g of

Cesium-137 to decay to 320g?

iii. How long will it take a sample of
Cesium-137 to decay to 40% of its

of Cesium-137 using a multiplier of %

original amount?

The five most deadly radioactive isotopes, in no particular order, are:

Plutonium-239: This isotope is commonly used in nuclear weapons and power plants, and is extremely dangerous due to its high rate of alpha particle

emission. It has a half-life of 24,100 years.

Polonium-210: This isotope is highly toxic and is commonly used in industry as an anti-static device, but it is also used in nuclear weapons. It has a half-

life of 138 days.

Cesium-137: This isotope is produced by nuclear fission and is a major contributor to the radioactive contamination of the environment after a nuclear

accident. It has a half-life of 30.17 years.

Cobalt-60: This isotope is commonly used in radiation therapy to treat cancer, but it is also a byproduct of nuclear reactors. It emits gamma radiation and

has a half-life of 5.26 years.

Strontium-90: This isotope is produced by nuclear fission and can be ingested through contaminated food or water, leading to bone cancer or leukemia.

It has a half-life of 28.8 years.

Earthquakes and the Richter Scale
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Ask for an Enrichment Packet if you are curious for more applications of Exponents and Logarithms.




Exploration and Enrichment of Exponents and Logarithms

Pacific
Plate

2 0 Ring of
Fire

Antarctic Plate

©EnchantedLearning.com

1. Jammu and Kashmir is the northernmost state of
India. It is situated mostly in the Himalayan mountains.
In 2005, an earthquake was reported in this region with
an energy level of 1.12 x 10?2 ergs. What was the
Richter Scale reading of this earthquake?

2. The “infamous” San Francisco earthquake of 1906
measured 8.0 on the Richter Scale. What was the energy
level of this particular earthquake?

3. From December 1811 to early 1812, a series of
earthquakes shook the Mississippi Valley near New
Madrid, Missouri. One of the earthquakes released
about 2.5x10%* ergs of energy. Find the earthquake’s
magnitude on the Richter Scale. Round your answer to
the nearest tenth.

4. An earthquake was measured to have a Richter Scale
reading of 7.2. What was the energy level of this
particular earthquake?




* Radioactive Decay and Half-Life

Definition: Half-life —the amount of time it takes a radioactive substance to reduce to half of its original amount.

3. Plutonium-238 has a half-life of 88 years.

a. Determine the decay rate, r, of
Plutonium-238.

b. How long would it take a sample
of Plutonium-238 to decay to 75% of
its original amount .

c. Ifa 1200 gram sample of
Plutonium-238 decayed for 300
years, how much of the Plutonium-
238 would be around after this time
period?

4. Use decay constant, r, for Carbon-14 dating (r = -.000121) to help answer the following questions.

a. If an original sample of C-14
weighed 1,200 g, how much Carbon-
14 would remain after 2000 years?

b. A certain object, that was found in
a dig, contained 50% of its original
Carbon-14. Approximately how old
was the object?

¢. Another object contained 30% of
its original Carbon-14.
Approximately how old is this object?

d. What is the half-life of Carbon-14?
(Hint: Think time)

e. How much of a 200g sample of
Carbon-14 would still be around after
1000 years?

f. An ancient artifact is found.
Scientists determine that the artifact
has 40% of its original Carbon-14
remaining. Approximately how old is
the artifact?




The Decibel Scale

sound levels (decibels) Table 1
loudest . .
Seaalbls Table of sound levels L (loudness of noise) with
e soung corresponding sound pressure and sound intensity
fireworks at 1 meter intolerable . Sound = 5
Sound sources (noise) pressure Sound pressure pSound intensity !
. ) Examples with distance Level L, dB N/m? = Pa Wim*
lackg:snsm;r:r:‘ xgs; threshold of pain SPL Sound field | Sound energy
i hearing loss from quantity quantity
. el repeated exposure Jet aircraft, 50 m away _ 200 100
passing motorcycle (2 meters) .
shouted conversation 4 Threshold of pain [ 130 | 63.2 10
sl heal”"g d;’mage from Threshold of discomfort zo | 20 1
busy traffic prolongecorposite Chainsaw, 1 m distance 110 6.3 0.1
normal conversation moderate to quiet D!SCD- 1 m from speaker 100 2 0.01
moderate rainfall Diesel truck, 10 m away 920 0.63 0.001
quiet household room Kerbside of busy road, 5 m 80 0.2 0.000 1
“silent" library faint Vacuum cleaner, distance 1 m 70 0.063 0.00001
a whisper at 2 meters Conversational speech, 1 m 60 0.02 0.000 001
normal breathing Average home 50 0.0063 0.000000 1
limit of hearing (theoretical) Quiet library 40 0.002 0.000 000 01
threshold of hearing Quiet bedroom at night 30 0.000 63 0.000 000 001
Background in TV studio 20 0.0002 0.000 000 000 1
Rustling leaves in the distance [0 0.000063 0.000 000 000 01
Hearing threshold 0 @ 0.00002 0.000 000 000 001

Sound intensity is defined as the sound power per unit area with unit of watts/m? or watts/cm?.
The Threshold of hearing is approximately the quietest sound a young human with undamaged hearing can detect at
1,000 Hertz. It’s intensity is valued at 10™12 watts/m?.

1. The sound of a leaf blower is about 10%°° times the 2. Suppose that a burglar alarm has a rating of 120
intensity of the threshold of hearing, 1_. Find the decibels. Compare the intensity of this decibel rating

relative intensity, R, of this leaf blower in decibels. with that of the threshold of hearing, 1, .

3. A particular sound has an intensity that is 10,000 times the threshold of hearing. What is the decibel level of this
particular sound?

How Loud is too Loud?

According to Medline Plus, standard headphones emit 110 decibels at full volume- the same as a working chainsaw. Some experts
suggest keeping your music at 60 decibels; others go as high as 80. Either way, they suggest limiting exposure to around 60 minutes
at one time. With differing opinions on the exact volume, it's nice to know that determining if your music is too loud can be fairly

simple.

A good rule of thumb is to take your headphones off and hold them at an arm’s length. Keep the volume at your preferred level. If
you can still hear your music, clearly or otherwise, it's too loud. If you're sitting next to someone and they can hear your music, it's

also too loud. Source: https://earhero.com/how-to-tell-your-music-is-too-loud




The pH Scale (Acid vs. Base)

The term "pH" originates from Latin and is an acronym for "potentia hydrogenii" - the power of hydrogen. The pH scale
is commonly used to represent hydrogen ion activity.

On the pH scale, pH values below 7 represent acidic solutions (hydrogen ion activity greater than hydroxide ion activity)
while values above 7 represent basic solutions. At pH = 7, hydrogen ion and hydroxide ion activity are equal.

As can be seen in Table 1, the possible range of hydrogen (H+) and hydroxide (OH-) ion activity can span many orders of
magnitude. In order to easily manage and represent the wide range of ion activities, a logarithmic pH scale is used.
Other parameters that have an incredibly wide range of possible values also use a logarithmic scale, such as the
measurement of sound using the decibel (dB), or measurement of the energy released from an earthquake using the

Richter scale.

pH H+ Activity OH- activity
0 | 1.E+00|1 0.00000000000001
1 1E-01|01 0.0000000000001
2 1.E-02|0.01 0.000000000001
acid 3 1.E-03|0.001 0.00000000001
4 1.E-04 |10.0001 0.0000000001
5 1.E-05|0.00001 0.000000001
6 | 1.E-06|0.000001 0.00000001
neutral 7 1.E-07|0.0000001 0.0000001
8 | 1.E-08|0.00000001 0.000001
9 1.E-09 |0.000000001 0.00001
10 | 1.E-100.0000000001 0.0001
base 11 | 1.E-11/0.00000000001 0.001
12 | 1.E-12|0.000000000001 0.01
13 | 1.E-13(0.0000000000001 0.1
14 | 1.E-14|0.00000000000001 1
acid neutral base
0 1 24 4 67 7 74 9 125 132 14

HCI

0.1 mol/L

cola milk

blood

wine

suds limewater

NaOH
0.2 mol/L



*More Practice

11. Two neighboring towns have had population changes over a ten year period that follow exponential growth or
exponential decay patterns.

The population of Town A was 50,000 in 1990. It has increased in population by approximately 5.1% per year.

The population of Town B was 100,000 in 1990. It has experience a decrease in population of 8.1% per year.

a. Write an exponential model (meaning equation) to describe the population of Town A.
Estimate the population in the year 1998. Assume t = 0 corresponds with the year 1990.

b. Write an exponential model to describe the population of Town B.

(e}

. Estimate the population of town B in the year 2005.

o

. Approximately how many years would it take the population of Town A to double?

e. In how many years would the population of Town B decrease to 75% of its original population.

—h

. Determine the year when the towns would have approximately the same population.

We need to earn $2000 from an investment. We are given the following two | 5. What percent change is involved
options. in an investment share that increases
a. A money market account that earns 5% compounded monthly. from $41.28 to $67.98?

b. A bond account that earns 3% continuously.

¢. How much would we need to deposit for 2 years into each account to 6. What is the average annual

meet our goal? percent change if an investment
share increases from $41.28 to 67.98
in four years?

d. Which investment would be the better choice?




