Module 8: Finance

This material corresponds to chapters
21 and 22 of the textbook
For All Practical Purposes






FINANCE

CHAPTERS21 & 22
TIME FRAME: 16 days

ENDURING UNDERSTANDINGS:

Various savings and borrowing models can help us make a sound and informed financial
decisions.

ESSENTIAL QUESTIONS:

1. Describe the differences between arithmetic (linear) and geometric (exponential)
growth.

2. What are the differences between simple and compound interest? How are
arithmetic and geometric series used to model simple and compound interests?

3. How do period and rate affect end balance?

4. How do you apply the financial formulasto real world situations?

CRMS:

Reasoning/Problem Solving: 1.1, 1.3
Communication: 2.1, 2.2, 2.3
Connections: 3.1, 3.2, 3.3

Number Sense: 4.2
Probability/Statistics: 6.2

Algebra: 7.1, 7.3, 7.5

Functions: 8.4

AT THE END OF THE CHAPTER STUDENTSWILL KNOW AND BE ABLE TO:

1. Modéd situations of growth and decay in finance by examining the change in the
value of investments.
2. Solveredl life problems using savings and borrowing models.

PRE-REQUISITE KNOWLEDGE / SKILLS:

Linear equations

Manipulation with exponents

Graphing linear and exponential functions with a calculator
PRE-ASSESSMENT ACTIVITY

Graffiti Wall



ACTIVITIES

Exponential Growth and Exponential Decay Activity 1,2 & 3
Free Application for Federal Student Aid (FAFSA) (optional)
Calculator Practice
Interest Comparison
Compound Interest Exploration
Calculating Simple Compound I nter est
Introduction to Effective Rates
Nicki and Dani’s Excellent Adventuresin Finance
Nicki and Dani’s Story Continues
Nicki and Dani’s Further Inquiry
L ogarithmic Review
Amortization of aLoan
Calculating L oan Payment
L oan Payment Practice
Buying a Car — Making Informed Decisions
Credit Cards
-Creating a Spreadshest
-Analyzing Data Through Graphs

POST-ASSESSMENTS

Finance Writing Project
LITERACY STRATEGIES

Group Work
4 Representation Organizer

RESOURCES

T1 Graphing Calculators
Access to computer lab or set of student computers
Credit Card Excel spreadsheets from the Teacher Resource CD
Finance Formulas
Applet:
www.whfreeman.com/fapp7e (or) www.whfreeman.com/fapp8e
- Saving for Retirement: The Remarkable Power of Compound Interest

- PowerPoint Presentations provided by the textbook
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SUGGESTED WEBSITES:

www.bls.gov/cpi/

www.westegg.com/inflation/

www.|endingtree.com/stmrc/cal cul atorsl.asp

www.edmunds.com/apps/cal ¢/Cal culatorController?pmtcal Action=apr_cash_calc

http://classes.tmcc.edu/bgallegos/handouts/cghandouts/financeon83.html

www.angel fire.com/pro/fkizer/Instructions/tifinapp83pls.htm


http://www.bls.gov/cpi/
http://www.westegg.com/inflation/
http://www.lendingtree.com/stmrc/calculators1.asp
http://www.edmunds.com/apps/calc/CalculatorController?pmtcalAction=apr_cash_calc
http://classes.tmcc.edu/bgallegos/handouts/cghandouts/financeon83.html

DAILY PLAN

SAVINGS

Days1- 2
e Show movieon Mathematics of Geometric Growth from Whfreeman
www.whfreeman.com/fapp7e (or) www.whfreeman.com/fapp8e -Chapter 21
e Review on exponential graphs using Exponential Growth and Decay- Activity 1
and 2.
HW: Exponential Growth and Decay Activity 3

Days 3-4

e Opening activity: Graffiti Wall (focus on vocabulary and previous knowledge
and formulas). With colorful markers and large poster paper, have al students
creatively design a Graffiti Wall of things they know about finance (saving and
borrowing). Students are then encouraged to add to the wall throughout the unit
asthey gain new knowledge. Thisisa colorful way to display what they know
and what they have learned. For thisunit, focusis on vocabulary, formulas and
applications.

e Calculator Practice worksheet.

e Interest Comparison activity. Compare table of values and graphs of ssimple
versus compound interest (show how Simple and Compound Growth tiesto
Arithmetic vs. Geometric Growth).

Day 5
e Group Exploration with Compound I nterest Exploration.
e Lecture and give formulasfor Simple Interest, Compound Interest and
Continuous Compound Interest.
e Calculating Simple and Compound I nterest — Partner practice worksheet.
HW: Read 7e pp.797-804 / 8e pp. 679-687
Then suggested assignment: 7e pp. 823-824 Skill Practice#1,2,4,7& 9
8e pp. 699-700 Skill Practice#1-3, 6, & 9 p.700 #1-4

Day 6

e Go over homework.

e PlaceIntroduction to Effective Rates on overhead and have students answer the
guestions.

e Lecture and develop formulafor Effective Rates using I ntroduction to Effective
Rates Teacher Resour ce.

e Graffiti Wall update.

HW: Suggested assignment 7e p. 824 #3-15/ 8e p. 699-700 #8-16. Finish as

homework if necessary.



Day 7

Provide students with Nicki and Dani’s Excellent Adventuresin Finance.

Have them read and answer the questions #1-4 without the table and (5) and (6)
using the table. These questions (and the table results) should motivate lots of
inquiry from the students. Emphasize the need for formulas to calculate these
values. Thisleads to the importance of understanding how to derive formulas.
Nicki and Dani’s Excellent Adventuresin Finance Teacher Resour ce explains
the derivation for formulas determining amount of savings given continued
deposits and compound interest. Thereis plenty of algebrareview available here.
Make sure the students help with the derivation.

Students answer questions on Nicki and Dani’s Further Inquiry.
Finish as homework.

Writing piece: Reflection on Savings. Each group is given atopic toillustratein
aposter.
Share out.

HW: Bringin acar ad or car |oan rate from a newspaper or internet.

*|f studentsneed review on logarithms assign L ogarithmic Review.

BORROWING/L OANS

Days 10-11

Logarithmic Applicationsin Finance —thisisintended as practice work on al
or some of the problems.

Free Application for Federal Student Aid (FAFSA): Optiona at any point after
this.

Begin with Actual L oan Costs. Have students work together in pairs.
Introduction to loans. Using overhead Amortization of a L oan, have students
take notes on the formulas and discuss advantages and disadvantages of each
approach. Return to problem above and solve.

Using student’s car ads and bank rates, calculate total loan costs using
amortization formulas. See Amortization of a L oan.

HW: Loan Payment Practice 1-3 wor ksheet.

Days 12-13 (computer access)

Graffiti Wall Update

Go over homework.

Buying a Car —Making Informed Decisions Borrowing: Part 1. Compare
loan coststo time to save up for acar. Read Buying a Car —Making I nfor med
Decisions Teacher Resour ce Notes before teaching thisunit. Thereisa
tremendous amount of information to be gained from both the mathematics and



practical application. (Accessto acomputer lab to make the spreadsheet is
necessary.)

e BuyingaCar —Making Informed Decisions, Borrowing: Part 2 —Look at the
effects of down payments and interest on Total Car Payments. Do the first
example together.

HW: Finish the rest as homework if needed.

Day 14 (computer access)

e Ingroups go over answers to homework. Have each group pick one of the four
options that they feel is best and then defend their choice to the rest of the class.

e BuyingaCar Applet (FAPP): Input data and compare answers from Day 12.

e Discuss credit cards and practice with student activities: Credit Card: Creating
a Spreadsheet, Analyzing Data Through Graphs. Usethe Credit Card Begin
Excel spreadsheet to get the students started.

Optional: Depending on your class, you can have students modify the spreadsheet

from above in order to answer credit card questionsin the 7e p.853 #9-14 or 8e p.725-

726 #11-13.

Days 15-16
e Design arubric so that your students can assess each other’ s project.
e Have students work in groups to come up with afinancia plan to the problem
outlined in Finance Writing Proj ect.

Optional:
Some instructors have chosen to follow finance with the Continuous Functions module.
The Geometry module would come after Continuous Functions.
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EXPONENTIAL GROWTH AND DECAY ACTIVITIES
Description

The following activities are meant to be areview of exponential growth and decay for
students. In Activity 1 Students explore the graphs of exponential functions using the Tl
calculator to determine which are decay and which are growth. They also are looking at
how the values for a and b in the equation are reflected in the graph.

In Activity 2 the students use the general formula y=ab* to find solutions to various
growth and decay application problems.

Students should work on these problems in groups, sharing out their answers at the end of
class.

Activity 3isagood summary of the above and can be used as homework or additional
practice if needed.






EXPONENTIAL GROWTH & DECAY NAME

AcTiviTY1 y = ab”

Use your Tl graphing calculator to graph the following functions and answer
the questions.

Suggested Window:

Xmin =-10
Xmax =10
Xscl=1
Ymin =-5
Ymax = 20
Yscl=1

A. Graph the following exponential equation

1.y=2"

a. y-intercept

b. increasing, decreasing or neither(circle one)

C.a=

d.b=

a. y-intercept

b. increasing, decreasing, or neither(circle one)

C.a=

d.b=




3.y=10"

a. y-intercept

b. increasing, decreasing, or neither(circle one)
c.a=

d.b=

a. y-intercept

b. increasing, decreasing, or neither(circle one)
c.a=

d.b=

5.y = (1/2)

a. y-intercept

b. increasing, decreasing, or neither(circle one)
c.a=

d. b=




[¢)]

Ly =(1/3)

a. y-intercept

b. increasing, decreasing, or neither(circle one)

c.a=
d.b=

7.y =(1/10)"

a. y-intercept

b. increasing, decreasing, or neither(circle one)
c.a=

d.b=

8. What point do all these graphs have in common?

Yo}

. List the equations that are increasing. What is true about the b-value for these graphs?

10. List the equations that are decreasing. What is true about the b-value for these graphs?



11. When an exponential graph is increasing, it shows exponential growth. What are the
similarities of all the equations that produce such graphs?

12. When an exponential graph is decreasing, it shows exponential decay. What are the
similarities of all the equations that produce such graphs?

13. Are there any graphs which were not reflecting exponential growth or decay? Why?



EXPONENTIAL GROWTH & DECAY NAME
ACTIVITY 2 y = ab”

1. Sam has $300 to deposit into an account at 6% interest compounded
annually. Given the exponential equation y = 300(1.06)’, fill in the table
for the future values:

y = 300(1.06)*

years 0 1 2 5 10 20 25

money

a. Where did b=1.06 come from?

b. If at the end of year 2 Sam adds $200 to his account, how much will he have in 10 more years?

2. Country A has a declining population. In 1980, the population was
200,000 and it decreases at 3% a year. Given y = 200,000(.97)’, fill in the table: **remember, x =0
for 1980.**

Years 1980 1981 1982 1985 1990 2000
X

y

a. Where did b=.97 come from?

b. What was the population in 19707?




3. (a) Write an exponential equation, given an initial amount of 500 and an increase of 7%
annually.

(b) Write an exponential equation, given an initial amount of 500 and a decrease of 2% annually.

4. A new car costs $20,000. It depreciates in value at a rate of 16% each
year. Write down a model for this exponential function.

a. How much will the car be worth after 3 years?

b. How long will it be until the car is worth 1/4 of its original price?



EXPONENTIAL GROWTH & NAME
DECAY FUNCTIONS
ACTIVITY 3

1. Identify the following equations as exponential growth or decay.

a.y=3"
b.y = (1/2)"
c.y = 2000(.97)"
d.y=20(1 +.02)*
e.y = 400(1.06)"

f. Contrast the characteristics of an equation of exponential growth versus exponential decay.

2. Your dream car costs $42,000. You find that depreciation is 16% per year.

a. Fill out the table using the formula 42000(1-.16)" to find the car’s value in future years.

Years 0 2 4 6 8 10
Value

b. If you could only afford to spend $20,000, how old would the car be when you could afford it?
Explain how you determined the car’s age.

3. The population of Homeword County was 16,700 in 1900 and increased at a rate of 9% per year
until 1950.

a. What is the equation that best fits this situation? List the steps you used to find the equation.

b. Fill out the table showing the population growth every 10 years.

HOMEWORD COUNTY

Year 1900 1910 1920 1930 1940 1950

X

Population




c. If during the next 10 years there is a population boom and the population increases at a rate of
15%, find the predicted population for 1960.

a. 2,939,723

b. 2,872,292

c. 5,023,656

d. 5,443,922,506
4. The artwork of an aging artist is appreciating at a rate of 7% a year. A new painting costs you
$2000.

a. Write an equation for the given situation.

b. Using your graphing calculator, graph your equation and choose the best graph.

WIMOOL
Amin=E

Y=o l=188 1H f
Ares=10 - e

c. Using your table function, how much is your painting worth after 5 years?

d. When will your painting have doubled in value?

e. If the artist dies after 5 years and because of his death his artwork now appreciates at 20% a
year, how much will it be worth after 10 more years?

a.$12,383.47
b. $30,814.04
c. $6,979.99

d. $17,368.44
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EXPONENTIAL GROWTH & DECAY
Answer Key

AcCTIVITY 1 y = ab”

Use your TI graphing calculator to graph the following functions and answer the
guestions.

A. Graph the following exponential equation

lLy=2
a y-intercept (0, 1)
b. increasing
ca=1
db=2

2.y=%
a. y-intercept (0, 1)
b. increasing
ca=1
db=3

3.y=10"
a y-intercept (0, 1)
b. increasing
ca=1
d.b=10

4.y=1"
a. y-intercept (0, 1)
b. neither (circle one)
ca=1
db=1

5.y =(1/2)"
a. y-intercept (0, 1)
b. decreasing
ca=1
db=12
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6.y = (1/3)
a y-intercept (0, 1)
b. decreasing
ca=1
d.b=1/3

7.y = (1/10)*
a. y-intercept (0, 1)
b. decreasing
ca=1
d.b=1/10
8. What point do they al havein common? y-intercept (0,1)
9. List the equations that are increasing. y=2%, y=3%, y=10*
10. List the equations that are decreasing.  y=(1/2)*, y=(1/3)*, y=(1/10)*

11. When an exponential graph isincreasing, it shows exponential growth. What are the
similarities of all the equations that produce such graphs?

b>1thebaseisgreater than 1

12. When an exponential graph is decreasing, it shows exponential decay. What are the
similarities of all the equations that produce such graphs?

0<b<1 baseis between zero and one
13. Are there any graphs which were not reflecting exponentia growth or decay? Why?

y=1* 1toany power will be 1, producing a horizontal lineat y=1



EXPONENTIAL GROWTH & DECAY
Answer Key

ACTIVITY 2 y = ab”

1. Sam has $300 to deposit into an account at 6% interest compounded annually. Given
the exponential equation y = 300(1.06)x, fill in the table for the future values:

y = 300(1.06)"

X years 0 1 2 5 10 20 25

y |money [300 |318 [337.08 | 40147 |537.25 |962.14 |1287.56

a Where did b=1.06 come from? 1+.06

b. If at the end of year 2 Sam adds $200 to his account, how much will he have in 10
more years?

537.08(1+.06)°
Answer: $961.83

2. Country A has adeclining population. In 1980, the popul ation was 200,000 and it
decreases at 3% a year. Given y = 200,000(.97)x, fill in the table: **remember, x = 0 for
1980.**

Years | 1980 1981 1982 1985 1990 2000
X 0 1 2 3 4 5
y 200000 | 194000 | 188180 | 171747 | 147485 | 108759

a Where did b=.97 come from? 1- 3%, 1- .03

b. What was the population in 1970? 271,214 = 200,000(.97)™*°

3. Write an exponential equation, given an initial amount of 500 and an increase of 7%.
y=500(1.07)x decrease of 2% y=500(.98)x

4. Anawon $100 and deposited it into a savings account earning 3% interest

compounded annually. Write amodel for this exponential function.

y=100(1.03)*

Isit agrowth or decay? Growth
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5. A new car costs $20,000. It depreciatesin value at arate of 16% each year. Writea
model for this exponentia function.

y=20,000(.84)*-

a. How much will the car be worth after 3 years? $11,854.08

b. How long will it be until the car is worth 1/4 of its original price?
/4 original price = $5,000

20,000(.84)7 = $5901.81
20,000(.84)8 = $4957.52



EXPONENTIAL GROWTH & DECAY FUNCTIONS
Answer Key

AcTiviTy 3y = ab”
1. Identify the following equations as exponential growth or decay.

ay=3" growth

b.y=(1/2)" decay

c. y = 2000(.97) decay

d.y=20(1+.02 growth

e. y = 400(1.06)" growth

f. Contrast the characteristics of an equation of exponential growth versus exponential
decay.

For the exponential equation of the form y = ab”
1. b greater than one -growth
2. b greater than zero but less than one -decay
3. agreater than zero
2. Your dream car costs $42,000. Y ou find that depreciation is 16% per year.

a. Fill out the table using the formula 42000(1-.16)* to find the car’ s value in future years.

Years 0 2 4 6 8 10

value 42000 29635 20911 14755 10411 7346

b. If you could only afford a $20,000 car, how old would the car be when you could
afford it? Explain how you determined the car’s age.

Answer - 5yearsold

3. The population of Homeword County was 16,700 in 1900 and increased at arate of 9%
per year until 1950.

a. What isthe equation that best fits this situation? List the steps you used to find the
equation.
Answer y = 16,700(1.09)"




b. Fill out the table showing the population growth every 10 years.

HOMEWORD COUNTY
year 1900 1910 1920 1930 1940 1950
X 0 10 20 30 40 50
population 16,700 39,535 93,594 221570 524537 1241771

c. If during the next 10 years there is a population boom and the population increases at a
rate of 15%, find the population for 1960.

a 2,939,723
b. 2,872,292
c. 5,023,656
d. 5,443,922,506

4. The artwork of an aging artist is appreciating at arate of 7% ayear. A new painting
costs you $2000.

a. Write an equation for the given situation.
y = 2000(1.07)*

b. Using your graphing calculator, graph your equation and choose the best graph.

c. Using your table function, how much is your painting worth after 5 years?
$2805.10
d. When will your painting have doubled in value? 11 years

e. If the artist dies after 5 years and because of his death his artwork now appreciates at
20% ayear, how much will it be worth after 10 more years?

a $12,383.47
b. $30,814.04
c. $6,979.99

d. $17,368.44
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GRAFFITI WALL
Description

You will have an ‘in-progress poster on the wall for the entire unit.
INTRODUCTION

What words regarding finance do you aready know?
Have students list them on the wall.
Y ou may add definitions now or address them as they come up in the unit.

Y ou can add to the wall everyday as a class opener to review or set up the day.

The Graffiti Wall should include:
e Vocabulary
e Formulas
e Previous knowledge

(Many of the concepts in this chapter can be found in advertisements in newspaper.)
Y ou may choose to challenge the kids and see if they can bring in the following:

e Adsfor certificates of deposits at banks, money market funds, 401K plans, and
annuities for retirement.

e |f you can get the studentsto look for such items regularly, the practical
importance of thistopic will be driven home.
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FINANCE CALCULATOR PRACTICE
Answer Key

Thesearethe answersfor the worksheet on the following page.

1. Compute using the power key on your calculator.
1.04*=  1.170 1.08°= 1.260 1.065"° = 1.877

2. Compute the following. Be sureto multiply the exponent first.
212 4.3 12.6
. 042 :
(1+ E) = 1.809 (1+ O—Sj = 1135 (1+ E) =1.349
2 4 12

3. Compute the following. These values are the amount after 6 years when $500 is
invested at the rate of 5% compounded annually, semi-annually, quarterly and
monthly. Round to the nearest cent.

6 2.6
a) 500[1+ %’j - 670.048 b) 500(1+ %’) 672.444

674.509

.05)“‘6 00( .osj”6
C =2 _ 673676 d) 500 1+—
) 500(1+ 2 ) m

4. Usethefollowing expressions to find the amount earned given regular deposits into an
account that compounds monthly. Write the keystrokes you used under part (a) aswell as
your answers.

60 72
(1+ fg] -1 (1+ f:) -1
a A=20 @ b) =400 E
12 12

13954.006 32,489.025






FINANCE CALCULATOR PRACTICE NAME

These exer cises are designed to help you remember or learn how to use your
graphing or scientific calculator. You will need to usethe parentheseskeys, (), and
the power key, * (on a graphing calculator) and y* (on a scientific).

Round your answersto 3 decimal places.

1. Compute using the power key on your calculator.
1.04% = 1.08° = 1.065" =

2. Compute the following. Be sure to multiply the exponent first.

05)** 0425\*° 05)%°
2 4 12

3. Compute the following. These values are the amount after 6 years when $500 is
invested at the rate of 5% compounded annually, semi-annually, quarterly and
monthly. Round to the nearest cent.

6 26
a) 50({14-%-5) = b) 500(14-%3) =

4.6 72
c) 500(1+'O—5) = d) 50C(1+ 25)
4 12

4. Use the following expressions to find the amount earned given regular deposits into
an account that compounds monthly. Write the keystrokes you used under part (a) as
well as your answers.

60 72
[1+ fgj -1 [1+ f;j -1
a) A=20 06 b) A =400 04

12 12






FINANCE INTEREST COMPARISON
Answer Key

These are the solutions to the worksheet on the next page.

Y ou are going to look how a savings account can grow based on varying interest models.
Suppose that you have $100 to place in a savings account. Y ou want to open an account,
deposit your money, and then let the money just sit in the account for 40 years,
untouched.

Savings Account #1 provides a 10% interest rate using simple interest. Account #2
provides a 10% interest rate compounded annually (once ayear). Account #3 provides a
10% interest rate compounded quarterly (four times a year).

nt

r
SIMPLE INTEREST: P(1+rt) COMPOUND INTEREST P(l+ —j

n
P= Principle P=Principle
r = interest rate in decimal form r = interest rate in decimal form
t = years n = # times compounded

t = years

1) Enter the correct equations for each account into the calculator and graph: (let x = #
years). Sketch and label your graphs below.

Y1 = Account #1 100(1+.1x)

Y 2= Account #2 100(1.+.1)
Y 3= Account #3 100(1+.1/4)*

Use the following window:

Xmin 0

Xmax 40

Xscl 5

Ymin O

Y max 8,000
Y scl 1000

X=# of years
2) Using the table function, enter the data to complete the table

AMOUNT IN ACCOUNT AFTER ‘X’ YEARS
# years Simple Interest Compound Annually Compounded Quarterly
(Y1) (Y2) (Y3)
0 100 100 100
1 110 110 110.38
2 120 121 121.84
3 130 133.1 134.49
5 150 161.05 163.86
10 200 259.37 268.51
20 300 672.75 720.96
40 500 4525.90 5197.80
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3) How do the amounts differ from simpleinterest after 5 years? After 20 years? After
40 years?

4) Compare the y-intercepts for each graph. What does the value of the y-intercept
represent?

Theinitial deposit amount
5) Describe the shape of the graphs for each account.

Simpleinterest in linear, compound interest is exponential growth



FINANCE INTEREST COMPARISON NAME

Y ou are going to look how a savings account can grow based on varying interest models.
Suppose that you have $100 to place in a savings account. 'Y ou want to open an account,
deposit your money, and then let the money just sit in the account for 10 years, untouched.

Savings Account #1 provides a 10% interest rate using simple interest. Account #2
provides a 10% interest rate compounded annually (once ayear). Account #3 provides a
10% interest rate compounded quarterly (four times a year).

nt

r
SIMPLE INTEREST: P(1+rt) COMPOUND INTEREST P(l—l— —j

n
P= Principle P=Principle
r = interest rate in decimal form r = interest rate in decimal form
t =years n = # times compounded

t =years

1) Enter the correct equations for each account into the calculator and graph: (letx =#
years). Sketch and label your graphs below.

Y1 = Account #1

Y2= Account #2

Y3= Account #3

Use the following window:

Xmin 0

Xmax 50

Xscl 5

Ymin O

Ymax 10,000

Yscl 1000
X=# of years



2) Using the table function, enter the data to complete the table below.

AMOUNT IN ACCOUNT AFTER ‘x’ YEARS
# years Simple Interest Compound Annually Compounded
(Y1) (Y2) Quarterly (Y3)
0
1
2
3
5
10
20
40

3) How do the amounts differ from simple interest after 5 years? After 20 years? After
40 years?

4) Compare the y-intercepts for each graph. What does the value of the y-intercept
represent?

5) Describe the shape of the graphs for each account.






COMPOUND INTEREST EXPLORATION
Description

PURPOSE
The purpose of this exploration isto have students discover that as the interest rate
approaches 100% and the frequency of compounding increases that the value of an
account with one dollar in it approaches a constant value.
MATERIALS/PREPARATION
Each group should have a scientific calculator or graphing calculator.

PROCEDURE

Students can work together to complete the second and third columns of the table. Then
each student should complete one of the four remaining columns.

CLOSURE

Discuss the results of increasing the frequency of compounding as the interest rate
approaches 100%. Students should see that the value of the dollar invested for one-year
period eventually levels off to about 2.72.

COMMENT

Before students do the exploration, ask them what they think will happen as the

frequency of compounding gets very large. Many students will probably find after
completing the exploration, that their predictions are incorrect. Discuss why this was so.



ANSWERS
1.
Compounding n Formula r= r = =
0.05 | =0.10 | 0.50 1.00
1
r
Annualy 1 (1+ 1 1.05 1.10 1.50 2.00
Semi-annually r)°
2 (1+§ 1.0506 | 1.1025 | 1.5625 | 2.25
r 4
Quarterly 4 (1+Z 1.0509 | 1.1038 | 1.6018 | 2.4414
r 12
Monthly 12 (1+E 1.0512 | 1.1047 | 1.6321 | 2.6130
r 365
Daily 365 (H% 1.0513 | 1.1052 | 1.6482 | 2.7146
r 8760
Hourly 8760 (H%j 1.0513 | 1.1052 | 1.6487 | 2.7181
r 525600
' 1+ ——
Every minute | 525600 ( 525600] 1.0513 | 1.1052 | 1.6487 | 2.7183
31536000
E 1 1+ 1.0513 | 1.1052 | 1.3487 | 2.71
very second | 31536000 ( 31536000) 0513 05 348 83

2. Describe how increasing the frequency of compounding interest affects the value of a
dollar that isinvested for one year

Increasing the frequency of compounding initially increases the earnings, but the
effect levels off eventually. For r = 0.05, for example, theyield isno greater for
compounding every second that for compounding daily.

3. If abank compounded interest more often than every second, would it make much
difference? Explain.

No; the effect of more frequent compounding eventually becomes negligible. This
happensvery quickly for valuesof r that correspondsto real-world interest rates.







COMPOUND INTEREST EXPLORATION

Work in agroup of four students. You will need a scientific or graphing calculator.
When interest is compounded n times per year for t years at an interest rate r (expressed

asadecimal), aprincipal of P dollars grows to the amount A given by the formula:

nt
A= P(l+ Lj
n

1. The table below shows the value of one dollar after one year of compounding.

Complete the table. Each of you should complete one column for one of the

interest rates.

Compounding n Formula r=0.05| r=0.10 r=0.50 r=1.00
r 1
Annually 1 1+I 1.05
Semi- r)?
annually 2 1"‘5 1.1025
4
r
Quarterly 4 [1+Z 1.6018
12
1+L
Monthly 12 12 2.6130
365
: 1+ i
Daily 365 365
Hourly
Every minute
Every second
2. Describe how increasing the frequency of compounding interest affects the
value of a dollar that is invested for one year
3. If a bank compounded interest more often than every second, would it make

much difference? Explain.







CALCULATING SIMPLE AND COMPOUND INTEREST
Answer Key

These are solutions to the wor ksheet on the next page.
1. You want to open a savings account with $300. How much will the account contain in

10 yearsif the account earns asimple interest rate of 3.5% (Round answers to nearest
cent)

A=P(L+1t)
A=300(L+.035*10)
A=$405.00

2. Bob invests money into a savings account that earns 4% annual interest. At the end of
5 years, he has $6000. How much money did he originally invest? (Assume he made no
deposits or withdrawalsin the 5 years.)

A=P(l+1t)

6000 = P(L+.04* 5)
P = $5,000.00

3. 1 $2,000 isinvested at 7% compounded (&) annualy (b) quarterly (c) monthly, (d)
continuously what is the amount after 5 years? How much interest is earned for each?

nt
A= P(1+ 1)
n

1*5 4+5 12*5
8 A= 2000(1+ %j b) A= 2000(1+ %7] 0 A= 2000(1+ %}

A= Pe"

d  A=2000e""

Amounts. @) $2,805.10 b) $2.829.56 «¢) $2.835.25 d) $2.838.14

Interest: a $805.10 b) $829.56 c) $835.25 d) $838.14
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4. If $20,000 isinvested at 6% compounded monthly, what is the amount after:

(a) 5years? (b) 8 years?
r nt r nt
A= P(1+—j A= p(1+_)
n n
12*5 12*8
A=2000 1+@ A=2000 1+@
12 12
A=$26,977.00 A=$32282.85

5. If aninvestment company pays 8% compounded semi-annually, how much should
you deposit now to have $10,000:

(@) 5 years from now? (b) 10 years from now?
r nt r nt
A= P(1+—) A= p(1+_)
n n
2*5 2710
10000 = P[1+ %j 10000 = P(1+ %j

P =$6,755.64 P =$456387



CALCULATING SIMPLE AND COMPOUND INTEREST

1. You want to open a savings account with $300. How much will the account contain in
10 years if the account earns a simple interest rate of 3.5% (Round answers to nearest
cent)

2. Bob invests money into a savings account that earns 4% simple annual interest. At the
end of 5 years, he has $6000. How much money did he originally invest? (Assume he
made no deposits or withdrawals in the 5 years.)

3. I£ $2,000 is invested at 7% compounded: (a) annually (b) quarterly (c) monthly (d)
continuously, what is the amount after 5 years? How much interest is earned for each?

Amounts: a) b) c) d)

Interest: a) b) c) d)

4. 1f$20,000 is invested at 6% compounded monthly, what is the amount after

(a) 5years? (b) 8 years?

5. Ifan investment company pays 8% compounded semi-annually, how much should
you deposit now to have $10,000

(a) 5 years from now? (b) 10 years from now?






INTRODUCTION TO EFFECTIVE RATES
Description and Answer Key

Distribute the handout that follows these three pages, and use these directions to guide
students through how to answer the questions on that handout. This leads into the lesson
described on the following pages.

Suppose you have $100 to invest for one year. Where are you going to invest your
money to earn the most interest? Would you placeit in Bank Y because it has the larger
interest rate, or would you placeit in Bank Z because your interest is computed there
more often?

Use the compound interest formulato calcul ate the value at the end of the year at each
bank.

BANK Y BANK Z
Interest is Interest is
compounded compounded
quarterly at monthly at
9.00%. 8.95%.

Solution Comparing Rates of Interest

If you want your money to earn the most interest, you should invest it in Bank Z, even
though its rate of interest is numerically less than that of Bank Y. Let's see why thisis so
with an example. Suppose that we invest $100 in each bank for one year at the given rates
of interest and we will then determine the size of each investment. Using the compound
interest formula

A=P(1+r/n)™

P =the principal or the amount invested and A = the amount of the investment after t
years at the annual rate of interest r compounded n times per year, we obtain the
following:

Bank Y: A = $100(1 + 0.09/4) ® = $109.31.
Bank Z: A = $100(1 + 0.0895/12)(*? ¥ = $109.33.

From this we see that even though Bank Z has a smaller numerical rate of interest, you
will have alarger amount of money in Bank Z than in Bank Y. Here again, don't compare
apples and oranges!



Introduction to Effective Rates (also known as Yield or APY)

PRESENT THE STUDENTS WITH THE FOLLOWING SCENARIOSTO LEAD
INTO A LECTURE ABOUT EFFECTIVE RATES.

EXAMPLE 1: Suppose that you have $1,000 and you want to invest it for four yearsto
earn the largest amount of interest. If your choices of rate of interest are:

a. 7.51% compounded weekly,

b. 7.53% compounded monthly,

C. 7.55% compounded quarterly,

d. 7.57% compounded annually,

Which onewould you select to earn the most money? (Calculate this before going on)

What we need isa standard (in the form of arate) to compare different interest rates that
are compounded at different numbers of times per year. Such arateis called the
"effective rate of interest.” It is the annual rate of interest that is compounded once a year.
In 1969, the U. S. Federal Government passed the Truth-in-Lending Law. One of the
purposes of thislaw isto let you, the consumer, know exactly what the effective rate of
interest is for purposes of making comparisons. By having comparative rates, you are
able to decide which rate is best for you. The role played by the effective rate of interest
isvery much like the role played by the least common denominator; both are used for
comparing quantities

Walk studentsthrough the following example to develop the formula for effective
rate.

EXAMPLE 2: Determine the effective rates of interest for the two rates discussed in the
Introduction problem comparing Bank Y to Bank Z.

SOLUTION: For the 9% compounded quarterly in Bank Y, we saw that after one year,
we had $109.31. To find the effective rate that would yield exactly the same amount of
money, let x be that rate so that:

$100 (1+%)" = $109.31
1+ x= ($109.31)/($100)
1+x=1.0931

r =0.0931 = 9.31%.

For the 8.95% compounded monthly in Bank Z, we saw that after one year, we had
$109.33. To find the effective rate that would yield exactly the same amount of money,
let sbethat rate so that:

$100 (1 + s/1)1 = $109/33
1+ s=($109.33)/($100)



1+s=1.0933
s=0.0933 = 9.33%.

From Example 2, we see that we have two rates to compare; the effective rate x = 9.31%
and the effective rate s = 9.33%, where each rate is compounded once a year. Since the
effective rate of 9.33% is larger than the effective rate of 9.31%, the corresponding rate
of 8.95% compounded monthly produces more money than the 9% compounded
guarterly rate, as we have already seen. We are comparing apples with apples (or oranges
with oranges) when we are comparing effective rates of interest.

Let's now develop a general formulafor determining the effective rate that corresponds to
agiven compound rate of interest. Suppose that r represents a rate compounded n times
per year and X is the corresponding effective rate (remember, this is compounded once
per year). If $P isinvested at both rates, then after one year both investments will give
the same value so that

$P (1 +x/1)'=$P (1 +r/n) OW
(L+x)=(1+r/n)",
x=@A+r/n)"-1

Have students use thisformula to find the effectiveratesfor the choicesin Example
1.

Effective rate = (1 + 0.0751/52)** — 1 = 7.793%.
Effective rate = (1 + 0.0753/12)** — 1 = 7.795%.
Effective rate = (1 + 0.0755/4)" — 1 = 7.766%.
Effective rate = (1 + 0.0757/1)" — 1 = 7.57%.

The 7.759% effective rate in Example 1 will produce the most interest

If you would like the students to have additional practice with thisformula, have
them verify the following rates from Woodstone Credit Union:

Deposit Promotions ullluClu Rate @ APY*
Amount

Share Certificates Monthly Dividends
13-month term BUMP& BOOST Certificate $5,000 4.266%  4.35%
30-month term BUMP& BOOST Certificate $5,000 4.794%  4.90%



http://www.woodstonecu.org/productsandservices/certificates.cfm
http://www.woodstonecu.org/productsandservices/certificates.cfm




INTRODUCTION TO EFFECTIVE RATES

BANKY BANK Z
: i
: Interest is -~ Interestis
BANK 1. compounded
.| compounded
s || 7 monthly at
guarterly at 8.95%

9.00%.

Suppose you have $100 to invest for one year.

1. Where are you going to invest your money to earn the most interest?

2. Would you place it in Bank Y because it has the larger interest rate?

3. Would you place it in Bank Z because your interest is computed there more often?

Use the compound interest formula to calculate the value at the end of the year at each
bank.






¢. How many vacations did Nicki take in Utah? 35
d. How many vacations did Dani take in Hawaii? 10

3. Which of these two plans do you think is best? Which would you prefer to follow
in alife savings program?
Provide the students with the following formulas and explain how they work.
Asa classwork through a couple of examplesto deter mine the amount each
sister had in her account at 10 years, 20 years, 35 years, and 45 years.

4. How much money does Dani have at the end of Y ear 10? $0.00

5. How much money does Nicki have at the end of year 10? (Students need the
table at thispoint.)

10 _
3000{ (1+ .og; 1
Nicki at 10 years: '

thisvalue from the table.)

(1+.07)

= $44,350.80 (the students get

6. How much money does Dani have at 20 years? Think about the similaritiesin
what sheis doing compared to what Nicki is doing.
(Students get thisvalue from the table.)

3000[%)10—1}(“ 07)
07

Dani at 20 years: = $44,350.80

7. How much does Nicki have at 20 years? $87,244.74

8. Find the balance for each of the sistersat Year 35 and Y ear 45.
Nicki: $240,710.98 at Year 35, $473,514.93 at Year 45
Dani: $203,029.41 at Year 35, $443,740.38 at Year 45.

9. Which of the two plans do you think is best? Which would you prefer to follow
in asavings program?

Note: Nicki’stwo formulas must be used since after year 10, no new deposits are made
and the account is just earning compound interest. Also note that for Dani, n will be 10
less than the Y ear since she started later and represents the number of deposits made.



Derive the following formulas with student help. Thisisagreat opportunity to review
algebra skills such as factoring with the students. Thereis aproblem in the next activity
that requires the students show a similar derivation.

Note that because Nicki is contributing a regular amount to the overall balance during the
first ten yearsin addition to the interest she earns, simple compounding is not sufficient.
Instead we use aformula called the

SUM OF AN ANNUITY DUE. Itisgiven by:

l(1+ ot -1

S=R l[l-I-L:]

where
S =the sum of al deposits and accumulated interest
R = the amount of each regular deposit at the beginning of the period

annual rata
i = theinterest rate per period = compounding pericd
n = the number of periods (also the number of deposits)

3000[%)10_1}(“ 07)
07

Ex. Nicki at 10 years: = $44,350.80

Derivation:

End of year Balance

1 R+iIR=R(1+1)

2 (R(1+)+R)(1 +i)=R(1+)"2 + R(1+i)

3 (R(A+i)"2 + R(1+i) + R)(1+i)=R(1+i)"3+R(1+i)"2+R(1+i)
n R(1+)"n+R(A+i)M(n-1) + ...+R(1+)

Set S=R(1+i)*n+R(1+i)M(n-1) + ...+R(1+i)
And multiply Sby (1 + i) and subtract Sto give:

(1+i)S— S = R(1+)"(n+1)-R(1+i)
IS =R((1+i)*n-1)(1+i)
S0 S = R[(1+i)*n-1] (1+i)

After Year 10, Nicki isno longer contributing to her overall balance; al her gains are
only from interest. What formula needs to be used now to find Nicki’s balance after 10
years?

Compound Interest S= PL+i)"
P=principle
rate

i= interest rate per period = compounding period
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n= number of periods (also number of deposits)
S= balance at end of n periods
Since compounding annually i = rate

Ex. Nicki at 20 years. First find Nicki at 10 years:

3000{%)10‘1}(“ 07)
07

Then compound: ($44,350.80 )(1.07)*° = $87,244.74

Similarly the derivation of the COMPOUND INTEREST FORMULA isasfollows
where P isthe principal invested each year at i interest rate per period and n is the number
of periods. (If you have already derived this equation earlier, doing it again never hurts.)

Derivation:

End of year
0

1
2
3

n

Balance

P

P(1+i)

P(1+i) + i*P(1+i)=P(1+i)"2
P(1+i)"2+iP(1+i)"2=P(1+i)"3

P(1+i)"n

Have students check their answers to problemsto (6) and (8).



NICKI AND DANI’SEXCELLENT ADVENTURESIN FINANCE
Description and Answer Key

Provide students with the following scenario. Havethem read over the situation and
then have students answer the questions before showing them the table. The first four
guestions may be answered without formulas. Problems 5 and 6 are meant to be answered
initially with the table of values. After answering the questions, derive the formulafor
the Sum of an Annuity Due.

Nicki and Dani aretwins. Their grandparents decided to give each of them atrust that
would pay out $3,000 to each of them starting when they turn 20 and continuing until
they are 65. Although the twins appeared to have similar tastes, they have different
perspectives on investing money.

Nicki learned at an early age to be concerned about her future so that she became fiscally
conservative, investing her trust funds each year in a savings program earning 7% interest
compounded annually. She decides at age 30 to start spending her bonuses on vacations
skiing in Utah. She continues to do this until she turns 65.

Dani lovesto play and thinks that life is too short to be overly concerned about saving for
the future. For 10 years, she spends her bonuses on vacationsin Hawaii. At age 30, she
beginsto redlize that there might come a day where she might not be able to work and
would need funds to support herself. She beginsinvesting her bonuses in a savings
program earning 7% compounded annually. She continues to do this until she turns 65.

Although the twins are close, they never discuss finances until their joint 65™ birthday
party. They begin to compare their retirement plans. Each sister is proud of her savings
and shows the other a spreadsheet describing her savings plans and accumulations. (See
the next page for comparisons.)

The sisters are fascinated by the comparisons of the two accounts. Dani has made many

more deposits than Nicki. However, Nicki has almost $30,000 more than Dani. Both
sisters are surprised by the results of their savings plans.

SOLUTIONS

1. Predict which sister has the most money in her retirement account based on her
savings plan. Why do you think so?

2. Atage65 (at the end of Year 45),
a. How much money had Nicki contributed to her savings program? $30,000

b. How much money had Dani contributed? 105,000



NicKi AND DANI’S ADVENTURE WITH FINANCES

Nicki and Dani are twins. Their grandparents decided to give each of them a trust that
would pay out $3,000 to each of them starting when they turn 20 and continuing until
they are 65. Although the twins appeared to have similar tastes, they have different
perspectives on investing money.

Nicki learned at an early age to be concerned about her future so that she became
fiscally conservative, investing her trust funds each year in a savings program earning 7%
interest compounded annually. She decides at age 30 to start spending her bonuses on
vacations skiing in Utah. She continues to do this until she turns 65.

Dani loves to play and thinks that life is too short to be overly concerned about saving
for the future. For 10 years, she spends her annual trust fund on vacations in Hawaii. At
age 30, she begins to realize that there might come a day where she might not be able
to work and would need funds to support herself. She begins investing her annual funds
in a savings program earning 7% compounded annually. She continues to do this until
she turns 65.

Although the twins are close, they never discuss finances until their joint 65" birthday
party. They begin to compare their retirement plans. Each sister is proud of her savings
and shows the other a spreadsheet describing her savings plans and accumulations.

Let’s see what is happening with each of the retirement/savings plans.

1. Predict which sister has the most money in her retirement account based on her
savings plan. Why do you think so?

2. Atage 65 (at the end of Year 45 since Year 1 is when they each turn 20),
a. How much money had Nicki contributed to her savings program?

b. How much money had Dani contributed?
¢. How many vacations did Nicki take in Utah?
d. How many vacations did Dani take in Hawaii?

3. Which of these two plans do you think is best? Which would you prefer to
follow in a life savings program?



4. How much money does Dani have at the end of Year 10?

5. Using the table showing their respective accounts, find how much money Nicki
has at the end of year 10.

6. How much money does Dani have at 20 years? Think about the similarities in
what she is doing compared to what Nicki is doing.

7. How much does Nicki have at 20 years?

8. Find the balance for each of the sisters at Year 35 and Year 45.

9. Which of the two plans do you think is best? Which would you prefer to follow
in a savings program?



1 $3,000 7.00% | S 3,210.00 $0.00 $0.00
2 $3,000 7.00% | S 6,644.70 $0.00 $0.00
3 $3,000 7.00% | S 10,319.83 $0.00 $0.00
4 $3,000 7.00% | S 14,252.22 $0.00 $0.00
5 $3,000 7.00% | S 18,459.87 $0.00 $0.00
6 $3,000 7.00% | S 22,962.06 $0.00 $0.00
7 $3,000 7.00% | S 27,779.41 $0.00 $0.00
8 $3,000 7.00% | S 32,933.97 $0.00 $0.00
9 $3,000 7.00% | S 38,449.34 $0.00 $0.00
10 $3,000 7.00% | S 44,350.80 $0.00 $0.00
11 S0 7.00% | S 47,455.36 | $3,000.00 | S 3,210.00
12 S0 7.00% | S 50,777.23 | $3,000.00 | S 6,644.70
13 S0 7.00% | S 54,331.64 | $3,000.00 | S 10,319.83
14 S0 7.00% | S 58,134.85 | $3,000.00 | $ 14,252.22
15 S0 7.00% | S 62,204.29 | $3,000.00 | $ 18,459.87
16 S0 7.00% | S 66,558.59 | $3,000.00 | $ 22,962.06
17 S0 7.00% | S 71,217.69 | $3,000.00 | $ 27,779.41
18 S0 7.00% | S 76,202.93 | $3,000.00 | $ 32,933.97
19 S0 7.00% | S 81,537.14 | $3,000.00 | S 38,449.34
20 S0 7.00% | S 87,244.74 | $3,000.00 | $ 44,350.80
21 S0 7.00% | S 93,351.87 | $3,000.00 | $ 50,665.35
22 S0 7.00% | S 99,886.50 | $3,000.00 | $ 57,421.93
23 S0 7.00% | $106,878.55 | $3,000.00 | $ 64,651.46
24 S0 7.00% | $114,360.05 | $3,000.00 | $ 72,387.07
25 S0 7.00% | $122,365.26 | $3,000.00 | S 80,664.16
26 S0 7.00% | $130,930.82 | $3,000.00 | S 89,520.65
27 S0 7.00% | $140,095.98 | $3,000.00 | S 98,997.10
28 S0 7.00% | $149,902.70 | $3,000.00 | $109,136.89
29 S0 7.00% | $160,395.89 | $3,000.00 | $119,986.48
30 S0 7.00% | $171,623.60 | $3,000.00 | $131,595.53
31 S0 7.00% | $183,637.25 | $3,000.00 | $144,017.22
32 S0 7.00% | $196,491.86 | $3,000.00 | $157,308.42
33 S0 7.00% | $210,246.29 | $3,000.00 | $171,530.01
34 S0 7.00% | $224,963.53 | $3,000.00 | $186,747.11
35 S0 7.00% | $240,710.98 | $3,000.00 | $203,029.41
36 S0 7.00% | $257,560.75 | $3,000.00 | $220,451.47
37 S0 7.00% | $275,590.00 | $3,000.00 | $239,093.07
38 S0 7.00% | $294,881.30 | $3,000.00 | $259,039.59
39 S0 7.00% | $315,522.99 | $3,000.00 | $280,382.36
40 S0 7.00% | $337,609.60 | $3,000.00 | $303,219.12
41 S0 7.00% | $361,242.27 | $3,000.00 | $327,654.46
42 S0 7.00% | $386,529.23 | $3,000.00 | $353,800.28
43 S0 7.00% | $413,586.28 | $3,000.00 | $381,776.29
44 S0 7.00% | $442,537.32 | $3,000.00 | $411,710.64
45 S0 7.00% | $473,514.93 | $3,000.00 | $443,740.38







NICKI1 AND DANI'SFURTHER | NQUIRY
Answer Key

These are solutions to the wor ksheet on the next two pages.

1

4,
thefoll

1. a Use the Formulafor the Sum of an Annuity Due to verify the sum of
$44,350.80 for Nicki’s balance at the end of Year 10. Round final answersto the
nearest cent.

b. Write a calculator code which does all the calculations without reentering
intermediate results by hand.

1.07y*10-1=+0.07* 1.07 * 3000 = and read $44,350.80

Carefully write out a derivation to obtain Nicki’s balance of $44,350.80 at the end
of Year 10. If you ever forget the Formulafor the Sum of an Annuity Due, you
can use this method.

Use the Compound Interest Formulato verify Nicki’s balance at the end of :
(a) Year 35 $44,350.80(1+0.07)%®
(b) Year 45. $44,350.80 (1 + 0.07)®

Examine the relative merits of Nicki and Dani’ s investment programs by doing
owing:

(a) Write several advantages of Nicki’s program.

Nicki had more money at age 65.

Nicki contributed only $30,000 while Dani contributed $105,000
Nicki had 35 vacationsin Utah while Dani had only 10 in Hawaii.

Nicki had fun while she was young doing things at home such as hiking or
skiing during her vacations.

(b) Write several advantages of Dani’ s program.
Answerswill vary.

(c) Write an argument for the superiority of one of the programs.

Answerswill vary.
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5. This story has been told in many versions with amoral tied toit. What do you
think the moral might be?

Answerswill vary.

6. a. How much would Nicki have if she had invested her $3000 trust each year?
S=$917,255.29

b. Nicki would like to have aretirement goal of $2.5 million dollars. How much
would she need to invest for 45 years at 7% to make her goa? Be sure to show your
work. Isthis areasonable amount of money to set aside? How much needs to be set
aside each month to make thisamount in ayear? $8176.57 ; ($8176.57 —3000/12 =
$4331.38 each month. (They need to show their work; i.e. set up and solve an
equation.)






NICKI AND DANI’S FURTHER INQUIRY

a. Use the Formula for the Sum of an Annuity Due to verify the sum of
$44,350.80 for Nicki’s balance at the end of Year 10. Round final answers to the
nearest cent.

b. Write a calculator code which does all the calculations without reentering

intermediate results by hand.

Carefully write out a derivation to obtain Nicki’s balance of $44,350.80 at the
end of Year 10. If you ever forget the Formula for the Sum of an Annuity Due,
you can use this method.

Use the Compound Interest Formula to verify Nicki’s balance at the end of :

(a) Year 35

(b) Year 45.



4, Examine the benefits of Nicki and Dani’s savings plans by doing the following:

(a) Write several advantages of Nicki’s savings plan.

(b) Write several advantages of Dani’s savings plan.

(c) Choose one of these scenarios and write your rationale for choosing it.

5. This story has been told in many versions with a moral tied to it. What do you
think the moral might be? Do you agree with the moral?

6. a. How much would Nicki have if she had invested her $3000 trust every year?

b. Nicki would like to have a retirement goal of $2.5 million dollars. How much would
she need to invest for 45 years at 7% to make her goal? Be sure to show your work.
Is this a reasonable amount to put aside each year? How much would she need to
save each month to make this amount of money?
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L OGARITHMIC REVIEW

Thus far we have used the finance formulas to solve for future earnings or initia principal
amounts. With logarithms, we can set up equations to determine how long it will take to reach a
particular financial goal. That iswhat students will be working on over the next couple of pages.

Thefirst part of the worksheet is meant to serve as a brief review of logarithms. Students will
need to evaluate various logarithms either by rewriting the problem as an exponential equation
(logab = x implies a@=b) or using the change of base formula

(logab=logb/loga). They will then need to solve for the missing exponent in the equation.

Once students have practiced these skills, they are then applied to various financial situations
using the compound interest or sum of an annuity due formulas.
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L OGARITHMIC REVIEW

ANSWER KEY
1. Evaluatethefollowing logs
l0g464 =X 3 l0gs81 =x 4
logs125=x 3 l0g,64=x 6
log 100,000=x5 l0ge36 =X 2

2. Usethe change of base formulato evaluate the following (log.b=logb/loga):

log;14 logs29 log,12
1.356 3.065 3.584
3. Evauate

In 37 In 25 In8
3.611 3.219 2.079

4. Solve the following equations using logs (take your answer out to 3 decimal places)

Be sure to show your work.

=32

500 = 400(1.025)*
x=2.259

3-33

x=3.182

2(3)+7=37
X = 2.465

1.012512’6—1)

10,000 = 100( 2~

X =5.439



L OGARITHMIC APPLICATIONSIN FINANCE

ANSWER KEY
COMPOUND INTEREST
A=P(1+ % " P= Principal amount
r = interest rate
n= compounding period

t = years
SAVINGS FORMULA =SUM OF AN ANNUITY DUE

Where: S R{ | }

S =the sum of al deposits and accumulated interest
R=the amount of each regular deposit at the beginning of the period

i = Interest rate per compounding period which is computed as | = %

n = Number of compounding periodsin ayear
t = The years of the savings plan (or loan)

Use the above formulas to solve the following exer cises.

1. Terry has $100 that he invested into a fund paying 5% compounded monthly. Mary invested
$1000 into the same fund.

a) Who do you think will see their money double first?

Answerswill vary. Students may think that it will take the larger dollar amount longer to
double.

b) Using savings formulas and logarithms, find out how long it takes for each person to double
their money.

Both take 14.47 years



¢) What do you notice about these two problems? Why do you think this happens?

They arethe same. Answerswill vary but hopefully they will realize that the growth is
proportional and it isthe interest rate that determines the doubling and not the principal.

2. Darlainvested $2000 into an account that pays 4.5% compounded quarterly. How long will it
take for her to triple her money? 24.55 years

What if Darlainvested her money into an account that compounded continuously instead of
quarterly (but with the same rate), how long would it take her money to triple in this account?
24.41 years

3. Sam originally invested $1500 into an account paying 6% compounded quarterly. He now
has $2700. How many years have passed?

9.86 years

4. Kenyon wantsto travel around Europe for asummer. He has priced it out and is pretty sure
he can do it for $3000. To reach hisgoal, Kenyon is able to put aside $80 a month into a fund
that pays 6.5% compounded monthly. How long will it take him to save up for the trip?

2.85 years

5. Daniel issaving up for acar. The car costs $20,000. He currently has $15,000.

(@) If heinvests the $15,000 into a fund earning 6% compounded quarterly, how long will it take
him to have enough money to buy the car?

4.83 years

(b) Daniel’ s grandma decides to surprise him and deposits $300 a month into an account earning
7% compounded quarterly. When the money in the account reaches $5000 (the amount Daniel
needs to buy the car), sheisgoing to giveit to him. How long will it be before Daniel receives
his gift?

3.69 years

6. Sheila s generous family and friends gave her money for her high school graduation. All
totaled she received $4,000 (she has avery large family). She deposits the money into her
savings account paying 2.5% compounded continuously.

(a) How long will it take for the money to grow to $5,0007?

8.92 years
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(b) Sheilaisnot at al pleased; she was hoping to have $5,000 in her account by the time she
graduated from college in four years. What rate would the account need to earn for thisto
happen (still compounding continuously)?

5.57%

7. Now that you have been enlightened by the impact of saving early, you decide to start saving
for your retirement immediately after graduation (age 18). Y ou begin by depositing $100 per
month into an account that earns 6% compounded monthly. Y ou convince your favorite 40 year
old uncleto start saving aswell. Y our uncle also deposits $250 per month into an account that
earns 6% compounded monthly.

(@) How much will he have at retirement if he plansto retire at age of 62 (round to the nearest
dollar)?

$136,556

(b) How long will it take before you match your uncle’ s amount in your account? How old will
you be?

34.38 years, you will be between 52 and 53 years old






L OGARITHMIC REVIEW

1. Evaluate the following logs

log,64 =x logs81 =x
logs125=x l0g,64=x
log 100,000=x l0ge36 =X

2. Usethe change of base formulato evaluate the following (log.b=logb/loga):

log;14 logs29 log,12
3. Evauate
In 37 In25 In8

4. Solve the following equations using logs (take your answer out to 3 decimal places)
Be sure to show your work.

=32 3¥.33

4+5=69 2(3)+7=37

1.0125129‘—1)

500 = 400(1.025)™ 10,000 = 100 (=2



L OGARITHMIC APPLICATIONSIN FINANCE

COMPOUND INTEREST

A=P(1+ % " P= Principal amount
r = interest rate
n= compounding period
t = years

SAVINGS FORMULA =SUM OF AN ANNUITY DUE

Where: S R{ | }

S = the sum of al deposits and accumulated interest
R=the amount of each regular deposit at the beginning of the period

i = Interest rate per compounding period which is computed as | = %

n = Number of compounding periodsin ayear
t = The years of the savings plan (or loan)

Use the above formulas to solve the following exer cises.

1. Terry has $100 that he invested into a fund paying 5% compounded monthly. Mary invested
$1000 into the same fund.

a) Who do you think will see their money double first?
b) Using savings formulas and logarithms, find out how long it takes for each person to double

their money.

¢) What do you notice about these two problems? Why do you think this happens?



2. Darlainvested $2000 into an account that pays 4.5% compounded quarterly.

(a) How long will it take for her to triple her money?

(b)What if Darlainvested her money into an account that compounded continuously instead of
quarterly (but with the same rate), how long would it take her money to triple in this account?

3. Sam originally invested $1500 into an account paying 6% compounded quarterly. He now
has $2700. How many years have passed?

4. Kenyon wantsto travel around Europe for asummer. He has priced it out and is pretty sure
he can do it for $3000. To reach hisgoal, Kenyon is able to put aside $80 a month into a fund
that pays 6.5% compounded monthly. How long will it take him to save up for the trip?

5. Daniel issaving up for acar. The car costs $20,000. He currently has $15,000.

(@) If heinvests the $15,000 into a fund earning 6% compounded quarterly, how long will it take
him to have enough money to buy the car?

(b) Daniel’ s grandma decides to surprise him and deposits $300 a month into an account earning
7% compounded quarterly. When the money in the account reaches $5000 (the amount Daniel
needs to buy the car), sheis going to give it to him. How long will it be before Daniel receives
his gift?

6. Sheila s generous family and friends gave her money for her high school graduation. All
totaled she received $4,000 (she has avery large family). She deposits the money into her
savings account paying 2.5% compounded continuously.

(a) How long will it take for the money to grow to $5,000?



(b) Sheilaisnot at al pleased; she was hoping to have $5,000 in her account by the time she
graduated from college in four years. What rate would the account need to earn for thisto
happen (still compounding continuously)?

7. Now that you have been enlightened by the impact of saving early, you decide to start saving
for your retirement immediately after graduation (age 18). Y ou begin by depositing $100 per
month into an account that earns 5% compounded monthly. Y ou convince your favorite 40 year
old uncleto start saving aswell. Y our uncle deposits $250 month into an account that earns 5%
compounded monthly.

(&) How much will he have at retirement if he plansto retire at age of 62 (round to the nearest
dollar)?

(b) How long will it take before you match your uncle' s amount in your account? How old will
you be?






REFLECTION ON SAVINGS MODEL

GROUP ACTIVITY:

Each group will choose from among the following topics, make a poster (see graphic
organizer), post and share out in class.

» Compound Interest
» Continuous Compound Interest
> Effective Rate/Yield
» Exponential Growth,
» Exponential Decay
» Simple Interest
Symbolic Representation Visual Representation
(Equation) (Graph)
Verbal Representation Conceptual Representation
(Descriptive) (Applications or unique
examples)

Explain how you will use this
information to design your
own savings strategy.




FREE APPLICATION FOR FEDERAL STUDENT AID (FAFSA)

(OPTIONAL)
Description

Thisis agood jumping off activity to get kids thinking about |oans and finance.
However, you may insert this piece at any point during the unit. Going over the basics of
filling out the FAFSA form serves three main purposes. First, during a unit on finance, it
is an opportunity to have them think about how they will pay for college in light of what
they are learning about loans. Second, beginning the process of filling out a sometimes
intimidating form may help students and their families follow through and file the form
before the deadlines. Third, this gives you an opportunity to encourage students to
consider continuing their education.

Recommendation: Have the students complete these forms as homework and have a
brief discussion in class about the opportunities they have for financial aid.

Free Application for Federal Student Aid (FAFSA) Forms:
www.fafsa.ed.gov

Y ou can access the worksheets on-line, or your career counselor at school might be able
to help. These are the worksheets for the financia aid forms that students must fill out to
access either federa or individual college aid. If they do want to apply for ‘real’ they
must complete the forms online. They can use the information on the worksheets.

It is up to your discretion whether you require the students to fill out the information
completely or fill out what they can and bring it home to go over it with their parents, asa
homework assignment. Y ou could have the parents sign a sheet that they have discussed
the form with their child. Y ou may want to include a space for parents to ask questions.

Another ideaisto ask your career counselor to comein and talk to the students about the
FAFSA form, financia aid, and paying for college.

A very helpful website for information about paying for collegeis. www.college.gov



http://www.college.gov/

AMORTIZATION OF A LOAN
Description

Studentsarefirst introduced to the formulas for determining monthly payments
and overall loan amount. Studentswere supposed to bring in car ads and bank
rates from the newspaper or internet. After going over these for mulaswith the
students, havethem use their data to calculate payment and repayment amounts.
Questions are provided to guide the students through this practice. If studentsdid
not bring in an ad, a wor ksheet with the necessary information has been provided
(Calculating L oan Payment).

When deciding on aloan for the purposes of purchasing a car, there are two schools of
thought on how to determine what you should borrow. One approach is the *how much
can you afford to pay a month? method. Y ou determine what your monthly budget will
comfortably allow you to pay. Then you find the loan (and the car) that meets this
criteria. What are some advantages and disadvantages to this approach?

A second approach isthe ‘I’'m not spending more than...’ tactic. This method has you
determine the total amount you are willing to spend on acar first (and thus take out aloan
for that amount). Then you shop around for a car that fitsin your price range. What are
some advantages and disadvantages to this approach?

In the first approach, you know approximately what your monthly loan payments will be,
but need to determine the overall amount to borrow. To find this use the following
formula

- pmt = monthly loan payment amount
- 1-(1+1) A —total loan amount
P I- interest rate per period = annual interest rate

number of compounding
periodsin ayear

n —number of payments

In the second scenario, you know the total loan amount but need to find what the monthly
payments will be. In that case the following formulais used:

A pmt = monthly loan payment amount
pmt — A —total loan amount
1— (1+ i)—n I- interest rate per period = annual interest rate

number of compounding
periodsin ayear
n —number of payments






AMORTIZATION OF A LOAN

When deciding on a loan for the purposes of purchasing a car, there are two schools of
thought on how to determine what you should borrow. One approach is the ‘how much
can you afford to pay a month?’ method. You determine what your monthly budget will
comfortably allow you to pay. Then you find the loan (and the car) that meets this
criteria. What are some advantages and disadvantages to this approach?

A second approach is the ‘I’'m not spending more than...” tactic. This method has you
determine the total amount you are willing to spend on a car first (and thus take out a
loan for that amount). Then you shop around for a car that fits in your price range.
What are some advantages and disadvantages to this approach?

In the first approach, you know approximately what your monthly loan payments will
be, but need to determine the overall amount to borrow. To find this use the following
formula:

pmt = monthly loan payment amount
A 1-@Q+0)™ A - total loan amount
= pmt i i- interest rate per period = annual interest rate
number of compounding
periods in a year
n — number of payments

In the second scenario, you know the total loan amount but need to find what the
monthly payments will be. In that case the following formula is used:

— Al pmt = monthly loan payment amount
\—Nn
1— (]_-|— |) A —total loan amount
i- interest rate per period = annual interest rate
number of compounding
periods in a year
n — number of payments

pmt
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CALCULATING LOAN PAYMENTS
Answer Key

These are solutions to the worksheet on the next two pages.

2006 Honda Civic Coupe EX 2007 Honda Civic Coupe EX 5- | 2003 Honda Civic Coupe L X
5-Spd AT Spd AT 4-spd AT

2007 stock image shown
$17,942

$17,985 Mileage: 10,202 mi. $12,876
Mileage: 15,852 mi. Exterior: ATOMIC BLUE Mileage: 20,149 mi.
METALLIC

Exterior: Gray Exterior: Heather Mist

Trans: Automatic Trans: Automatic Trans: Automatic
Doors: 2 Doors: 2 Doors: O
Cylinders: 4 Cylinders: 4 Cylinders:
Distance: 40 miles Distance : 45 miles Distance: 10 miles

Auto Loan Ratesfor Washington

L owest Average Highest
48 month new car loan 6.15% 6.87% 9.64%
36 month used car loan 6.55% 7.34% 10.24%

1) You are considering buying one of the above Honda Civics. The bank offers you a 36
month loan compounded monthly at the highest interest rate listed in the above table.
Find the monthly payment amount. (For calculation purposes round the price to the
nearest thousand)

Using example car 2 (2007 Honda Civic) $17942 = $580.93
At the end of 36 months, how much will you have paid for the loan?

$20,913.48
2) Banks offer different interest rates to customers based on age and credit ratings. In
order to help you out, your parents decide to get the loan in their name and have you pay

them back. Because of their established credit the bank offers them the same loan but
thistime at the lowest listed rate. Find the new monthly payment amount.
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$550.31
At the end of 36 months, how much will you have paid for the loan?

$19,811.26
3) You shop around and find a bank that will loan you the money at the same interest rate
asin problem 1, but your repayments will be over 60 monthsinstead. Find the monthly
payment with this loan.

$383.33
At the end of the 60 months, how much will you have paid for the loan?

$23000.20
4) Y ou cannot afford to pay more than $300 a month for your car payment. As much as
this saddens you, you are going to have to find a different vehicle. What is the maximum
you can afford to spend if you go with a 36 month loan at 7.34%?

$9677.19

5) What if you consider a 60 month loan at the same rate. How much can you spend
now?

$15,028.55






L OAN PAYMENT PRACTICE
Answer Key

These ar e solutions to the wor ksheet on the next page.

1. Brian borrowed $8,000 to buy a Harley motorcycle. How much will Brian’s monthly

payments be if hisinterest rate is 8.9% compounded monthly and he pays back theloanin 5
years?

Al
pmt = —————
1-(1+1)
.089
800
12
pmt = ~60 pmt = $165.68 per month
1 (1 .089J

2. A check for $11,661.50 was written to pay off a 3-year loan of $8,300. Find the ssimple
annual interest that was charged.

A=P(L+1t)
11661.50=8300(L+*3)
r=.13299 r=13.3%

3. You want to buy a car for $12,000 (including tax and license) but don't have the
money. Y ou can obtain aloan with 8% interest to be paid off monthly for 5 years.

H h will ts be? pmt Al
a Oow mucn wi our ments be: S
YOrpey 1-(L+i)"
12000(“]
. 12
pmt = 08 pmt=$24332  per month
1—(1+')
12

b. How much will you actually pay over thelife of your loan?
$234.32 x 60 months = $14,599.20
c. How much of what you actually pay will be interest?

Interest = $14,599.20 —$12,000.00
Interest = $2,599.20









BUYING A CAR - MAKING INFORMED DECISIONS
Description and Solutions

The purpose of thislesson istwo-fold. First, students will get practice with using the
amortization formulas. Secondly, students will be able to analyze the pros and cons of
simple borrowing models. Thereisflexibility built in for you to adjust to the level of
your students and your time constraints.

*The potential for discussion hereistremendous. Understanding theimpact of their
borrowing decisions and all of the different options can be empowering.*

Hereis additional information that will help you to determine how deeply you want to
cover this material.

The personal savings rate (the percent of aperson’ income after taxes put into savings)
has steadily declined since the early 1980’s. In 1982, the rate was 11.2% in the United
States. In the past year we have experienced zero and even negative persona savings
rates. (Thisinformation comesfrom the U.S. Bureau of Economic Analysis, Survey of
Current Business, April 2007. See also

http://www.bea.gov/national/ni paweb/Sel ect T abl e.asp?Sel ected=N ).Comparably, China
is currently experiencing a 50% personal savingsrate. 'Y ou might discuss with your
social studies colleagues the implications of this economically aswell as politically and
share this with your students.

Borrowing Part 1
Hereisthe statement of the problem:

Hereisyour dilemma: Currently you do not have enough money to buy the $16,000 car
that you would like to own. You can afford to pay $500 a month. Your credit union will
giveyou a loan at 8% annual interest. Your best friend suggests that you would be better
off to put the $500 in an annuity offering 4% annual interest compounded monthly for a
certain period of time and pay cash for the car. What do you think?

After introducing the problem to the class, have a discussion of what the students think
they would do. Introduce the two formulas that the students will be using annuity (which
they have seen) and the amortization of aloan. For those students who have had French,
ask about the root of the word *amortization’. It is mort which means death. Thisis
literally the killing off of the loan. Notice that the Annuity Formulais slightly different
from the previous one for Nicki and Dani. Thisis due to the amount being counted at the
END of the pay period rather than the BEGINNING as was done for Nicki and Dani.

Functions: Asthe formulas are written, the PV and FV are both functions of x if the
payment, interest rate and number of payments per year is constant. Thisisagreat time
to review functions. Ask the students to discuss in groups what the following expressions
mean in terms of the functions they represent:


http://www.bea.gov/national/nipaweb/SelectTable.asp?Selected=N

FV(29) = 15,000 : after investing for 29 months the value in the annuity is $15,000.
PV (14) = 2851 : after paying off aloan for 14 months, the remainder to pay off is $2851.

Depending on the amount of time that you would like to invest, you could have the
students graph FV(x) and PV (x) for given valuesof PMT, rand n. Thisisalso agood
time to talk about practical meanings of domain and range. What is reasonable? Would
X be negative? Talk about the effect of having a negative exponent versus a positive one
for the graphs and the actual meaning of the functions. .Y ou can even talk about inverse
functions at this point and what this may mean.

In Part 1, the students will need accessto a computer |ab to create their spreadsheets.
Discuss the benefits of putting both problems (1) and (5) on the same spread sheet.

Geometric Sums: The amortization and annuity formulas can be explored using the idea
of geometric sums. For example for the amortization of the loan can be calculated using
the Compound Interest Formula:

PV =500(1+v/m)" 1+ 50001+ r/m)"* +500(1 + r/n) "3 + -+ 500(1 +r/n)”*
Using the sum of a geometric series, you can derive the formula given on the first page of
the student’ s work.

§= cx% giventhat § = X%, ar®,
Similarly money invested in an annuity at the end of the first month and every subsequent
month can be thought of as
FV =500+ 50001+ r/n)* + 500(1+ r/n)* + -+ 500(1 +r/n)* 2
+500(1+ r/n)*t

Problem (3) requires solving with logarithms. Consider whether you will need to do a
brief review of logarithms.

The extension problem changes the problem form car loans to home mortgages. Thisis
an interesting problem which has the impact of realizing that interest payments are
actually higher than the value of the house!

Borrowing Part 2

Thisis an opportunity to compare different financing optionsin terms of length of loan
and amount of down payment. Discussion should include pros and cons of down
payment amounts, different interest rates available (and what might determine their
interest rate(, and length of the loan.

An interesting activity would be to have students call a dealership and ask about going
interest rates. The rates vary greatly depending on age and status. Have them report on
the range of rates offered. Y ou may also want to talk about the hidden costs of aloan.

APPLET RECOMMENDATION:




Have students use the Buying A Car Applet (FAPP) after they have completed Part 2 of
the finance borrowing unit.

If you have computer access, the Applet isafun way for studentsto play with the
numbers. They can input loan prices and down payments and compare them to saving
models. It can be a powerful learning experience.

DAY 12

Wrap up class by going through the first car payment scenario together as aclass. The
students should do the next three for homework. The mainideaisto discover the impact
of choosing different time lengths and down payments of loans.

DAYS13and 14

Launch the class by putting the students into groups. Each group should compare their
answers and come to a consensus on their final answers. Next, assign each group aloan
time and amount to focus on. They will need to justify under what circumstances a
person would choose that loan. They should justify their decision with words and
mathematics. Have each group share out their findings.

Borrowing Part 3 (OPTIONAL)

Thisisan optional follow-up to the car loan problem. Challenge the students and
calculate what they would have saved in the same amount of time as the loan.

SOLUTIONS
Borrowing Part 1
Car Payments:

1. Create a spreadsheet that will demonstrate how long it will take to pay off the
loan.
See EXCEL spreadsheet on Teacher Resource CD: needsto be sent out for
2008 - 2009

2. According to the spreadsheet, how many months will it take to pay off the loan?
A bit morethan 38 so 39 months

3. Useagebrato solve for the total number of payments required to pay off the loan.
0.08\ 7%
1- (1 T2 )

16000 = 500 0.08
12
160000.05
—=1—- 1006677
500 12

1.00667 % =1 —0.21333
—x In(1.00667) = In (0.786667)
x = 36.11 months



4.

How much have you actually paid for your car?
36.11 8500 = $18,055

Saving Money:

1.

3.

Depositing at the end of each month into an account earning 4% compounded
monthly, how many months would it take to save enough money to pay for the
car? Use algebrato find your answer.

16000 = 500 (1 i ni%a) _
0.08
12
16000 = 0.08 0.08*
= (1)
500=12 12

In(1.2133333) = xIn(1.0066667)
x = 29.1 months

Add a column to your spreadsheet to illustrate this concept.
See EXCEL spreadsheet — Buying a car —comparing savingsto a loan.

How much have you actually invested? 29.10 * 500 = $14,550

Which IsBetter and Why?

4.

Calculate how much more it costs to buy the car by the loan program than the
savings program. Discuss what this means to you as a car buyer.
18055 — 14550 = $3505 more

What are the pros and cons of each investment model?

Why might you choose to buy the car now?

Why would you choose to save your money and buy the car later?

Make afinal decision about purchasing your car and justify your
decision with mathematics. Decisions are morethan ‘just the math’!

An Extension Problem:

Y our parents are buying a $450,000 home with a 20% down payment and a mortgage for
the balance of the home. Current annual mortgage rates compounded monthly are at 6%
for afixed 30-year mortgage (360 months)



Determine the monthly payment necessary to cover principal and interest.
$2,158.38

Create atable that shows how much interest and how much principal is paid on the loan
for the first three months,

Months Interest Principal
1 1800 358.38
2 1798.21 360.17
3 1796.41 361.97

The following formulais used to determine the balance owed after the kth payment on an
amortization schedule for aloan requiring atotal of x paymentsat PMT per month to pay
off the loan.

1—(1 (=)
Balance = PMT( (A+r/n) )

rin
Use this formulato determine the last two entries for months 359 and 360 for the
amortization schedule.

Calculate the total interest paid on the loan.

Discuss the implications of what you have determined.

Borrowing Part 2

Using the monthly payment formulafor amortization, find the best solution to the
situation.

Amortization of aloan:
PV = (Present value) the amount of the loan
PMT = (Payment) amount of the monthly payment
r = annual interest rate
n = number of payments per year
X = total number of payments
1—(14+r/n)™*

PV = PMT
rin

Situation: Your friend Amarjit plans to buy a new Moonbeam car with alist price of
$19,490 and have it financed through his credit union. He can make a down payment of
10% or 20% and then pay off the loan at a 6% annual rate, compounded monthly, over a
period of 3 yearsor 5 years.

What will be the monthly payments and the total cost of the car under the different
payment plans?
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Determine what Amarjit should do.
Amarjit has asked your opinion on what he should do. He has four ways to pay. Which
would be his best choice? Justify your decision. What would be good reasons for
choosing the other scenarios? Justify each case using words and mathematics.

10% down for 3 years
10% down for 5 years
20% down for 3 years
20% down for 5 years

Original | Percent | Down Loan Years Monthly Tota Total Cost | Finance
Cost Down | Payment | Amount Payment | Payment Charge
$19,490 | 10% $1949 | $17,541 3 $533.63 | $19,210.72 | $21,159.72 | $1669.72
$19,490 | 10% $1949 | $17,541 5 $339.12 | $20,347.00 | $22,296.00 | $2806.00
$19,490 | 20% $3898 | $15,592 3 $474.34 | $17,076.20 | $20,974.20 | $1484.20
$19,490 | 20% $3898 | $15,592 5 $301.44 | $18,086.22 | $21,984.22 | $2494.22







CREDIT CARDS. CREATING A SPREADSHEET

Students will need accessto computersfor thislesson.

First discuss the following information about how credit cards work with students. The
credit card company starts with the balance left from the last statement, subtracts any
payments made in the month and adds new purchases to the total and then assesses a
finance charge based on the new balance. Since not all charges and payments occur on
the same day, the company cal cul ates the finance charge based on your average daily
balance.

TEACHER-LED DiSCUSSION
AveDailyBalanceMethod: The average daily balance method is usually used to calculate

the interest you owe on your credit card. To calculate, add your daily balances for each
day in the billing period and divide by the number of days in the period.

For example, if your daily balances for a 30-day period totaled $30,000, your average
daily balance would be $1,000. If your credit card rate was 12%, the periodic interest rate
would be 1%. One percent of $1,000 equals $10. This would be the amount of interest
you would owe for the month.

http://money.aol.com/creditdebt/fctl/_al/credit-card-managementcal cul ating-
card/20050225133709990017

In addition, store credit cards tend to have a higher interest rate than bank cards. Store
cards rate are often 15% or higher, while many banks offer cards under 10% (depending
on age and credit rating). Some examples are:

Target — 15.99%, Home Depot - 21%, Chase — 17.49%, Boeing Credit Union — 6.9%

We are going to work out an example of calculating our card balance so that we can
develop a spread sheet to see our overall costs. Let’s start Month 1 with a beginning
balance of $1,000 on the credit card (due to unexpected car repairs) and an interest rate of
18% annually.

For our sake here, we are going to assume that we pay the bill on time — thus not
incurring any extra debt and we are dedicated to paying off the bill and therefore are not
adding to the balance. Since no new purchases are appearing on the bill, our average
daily balance will be the same as the balance at the end of the previous month. (for
example at the end of March, the amount owed is $320, it stays that same amount every
day of the month, so if we were to add $320 every day for 30 days and then divide by 30
we would get $320 again).

Let’s assume we are going to pay the minimum on our credit card to explore the impact
of that decision.


http://partners.leadfusion.com/leadfusion/aol/home02/gloss.fcs?glossKey=AveDailyBalanceMethod
http://partners.leadfusion.com/leadfusion/aol/home02/gloss.fcs?glossKey=DailyBalance
http://partners.leadfusion.com/leadfusion/aol/home02/gloss.fcs?glossKey=BillingPeriod
http://partners.leadfusion.com/leadfusion/aol/home02/gloss.fcs?glossKey=PeriodicInterestRate

By law you are required to pay either 2.5% of the balance or $10, whichever is greater.
Calculate 2.5% of $1,000, Which is greater that or $10? 2.5% or $25

There is afinance charge for the month. If the annual percentage rate is 18%, what is the
monthly percentagerate? _ 0.015 or 1.5%

Using the monthly percentage rate, find the finance charge on your previous
balance._ (1000)*0.015=$15

What will be your new balance once you have made your payment and added in the
finance charge? 1000 — 25 + 15 = $990 Thisistheamount in your account at the
beginning of month 2.

This now becomes the new balance that your next month’s finance charge will be
calculated on.

What is the net effect of your payment? In other words, how much did you actually
reduce your payment by and how much ended up going towards interest? Y ou paid 25
but were charged 15 s025—15=$10 _

COMPUTER PORTION

Calculating this month by month is very time consuming, so we are going to createa
spread sheet that allowsusto explorethe process. Thefilecredit card begin, shows
the setup for the spreadsheet. Students need to determine how to createthe
formulasfor each column and then fill down. The following questions are meant to
guidethem through the process. If you prefer it can be done asa class activity. The
filecredit card answer showsthe completed spreadsheet.

A. First determine the maximum between 2.5% of the balance or $10.
For the spreadsheet, enter in the maximum amount on B4, but then create a formula that
references cells in the spreadsheet for B5.

Column B: Thecommand for thisin Excel is =M AX(0.025*cell,10)
We want the new balanceto always bein the same column so we can referencethe
cell number in theformula. In our example, on B5, it will be =max (.025* E4, 10)

B. What isthe new balance? How can we write this as aformula?



Column C should be previous balance — payment. In our case, on C5, =E4-B5

C. Next we need to calculate the finance charge on the previous month balance. How
did we do thisin our example above?

How can we write this so the spreadsheet can calculate it for us?

Column D: Again need toreferencethe cell number so enter E4*.18/12 on D5. Next
time, on D6, it will be E5*.18/12

D. Now need to determine the new balance. How much did you pay towards the
balance? How much was added on? How can we write this for the spreadsheet?
Column E: Takebalance after payment + finance charge. So on E5, it will be

=C5+D5

Once you have formulas for line 5 you can use the fill down command to determine how
long it takes to pay off the bill.

1. How long doesiit take to pay off the credit card bill using the minimum payment
method? 153 monthsor 12.75 years.

2. Create anew column that calculates total payments made over this same time frame.
What was your total cost in payments? 2118.31

3. How much went to interest? 1118.31

What if each month instead of paying the minimum amount, you paid $50 Change the
spreadsheet to reflect this (only need to change column B max amount to 50 instead of
$10).
4. How many months does it take to pay off the bill?

24 months

5. How long would it take to pay off $1000 at $50 a month if there were no finance
charges? 1000/50 = 20 months.



6. What were your total costsif you paid $50 each month with finance charges?

1150 (the amount to month 23) + 47.12 (the amount remaining in the card
balancefor month 24) +.71 (the interest charged on the 47.12) =1197.83

7. How much of the amount in (6) went to interest?
1197.83 - 1000 =197.83
8. Would you expect that doubling the payment amounts would halve the time it takes to

pay off the bill? Why or why not? If not what is your prediction?

What about the total cost paid? Does paying twice as much each month cut your overall
cost in half?

Y ou will now check your prediction by determining how long it takes to pay off the bill
and what the total cost isto you if you change your monthly amount to $25 and $100.
9. How many months does it take to pay off the bill if you pay $25 a month?

62 months

10. What was your total cost using this method?
1525+13.42+0.2=1538.62

11. How much went to interest? 538.62

12. How many months does it take to pay off the bill if you pay $100 a month?
11 months

13. What was your total cost using this method?
1091.62

14. How did your results compare to your predictions?

15. Summarize your understanding of how credit cards work and strategies you will
employ in the future when using them.



Credit Card Excel Spreadsheet Example from the Teacher Resource CD

Balance $1,000 Interest Rate 18%
Minimum Payment - 2.5% of the balance or $10
Finance Remaining Total
Month Payment | Bal After Pay Charge Balance Payments
1 $ 25.00 | $ 975.00 $ 15.00 | $ 990.00 | $ 25.00
2 $ 2475 | $ 965.25 $ 1485 | $ 980.10 | $ 49.75
3 $ 2450 | $ 955.60 $ 1470 | $ 970.30 | $ 74.25
4 $ 2426 | $ 946.04 $ 1455 | $ 960.60 | $ 98.51
5 $ 2401 | $ 936.58 $ 1441 | $ 950.99 | $ 122.52
6 $ 2377 | $ 92722 $ 1426 | $ 94148 | $ 146.30
7 $ 2354 | $ 917.94 $ 1412 | $ 932.07 | $ 169.84
8 $ 23.30 | $ 908.76 $ 1398 | $ 922.74 | $ 193.14
9 $ 23.07 | $ 899.68 $ 1384 | $ 91352 | $ 216.21
10 $ 2284 | $ 890.68 $ 13.70 | $ 904.38 | $ 239.04
11 $ 2261 | $ 88177 $ 1357 $ 895.34 | $ 261.65
12 $ 2238 | $ 87295 $ 1343 | $ 886.38 | $ 284.04
13 $ 2216 | $ 864.23 $ 1330 | $ 87752 | $ 306.20
14 $ 2194 | $ 85558 $ 1316 | $ 868.75 | $ 328.14
15 $ 2172 | $ 847.03 $ 13.03 | $ 860.06 | $ 349.85
16 $ 2150 | $ 83856 $ 1290 | $ 85146 | $ 371.36
17 $ 2129 | $ 830.17 $ 1277 | $ 84294 | $ 392.64
18 $ 2107 | $ 82187 $ 1264 | $ 83451 | $ 413.72
19 $ 2086 | $ 813.65 $ 1252 | $ 826.17 | $ 434.58
20 $ 2065 | $ 80551 $ 1239 | $ 81791 | $ 455.23
21 $ 2045 | $ 797.46 $ 1227 | $ 809.73 | $ 475.68
22 $ 2024 | $ 789.48 $ 1215 | $ 801.63 | $ 495.92
23 $ 2004 | $ 78159 $ 1202 | $ 79361 | $ 515.96
24 $ 1984 | $ 773.77 $ 1190 | $ 785.68 | $ 535.80
25 $ 1964 | $ 766.04 $ 1179 | $ 77782 | $ 555.45
26 $ 1945 | $ 758.38 $ 1167 | $ 77004 | $ 574.89
27 $ 1925 | $ 750.79 $ 1155 | $ 76234 | $ 594.14
28 $ 19.06 | $ 743.28 $ 1144 | $ 75472 | $ 613.20
29 $ 1887 | $ 73585 $ 1132 | $ 74717 | $ 632.07
30 $ 1868 | $ 728.49 $ 1121 | $ 739.70 | $ 650.75
31 $ 1849 | $ 72121 $ 1110 | $ 73230 | $ 669.24
32 $ 1831 | $ 714.00 $ 1098 | $ 72498 | $ 687.55
33 $ 1812 | $ 706.86 $ 1087 | $ 71773 | $ 705.67
34 $ 1794 | $ 699.79 $ 1077 | $ 71055 | $ 723.62
35 $ 1776 | $ 692.79 $ 1066 | $ 70345 | $ 741.38
36 $ 1759 | $ 685.86 $ 1055 | $ 696.41 | $ 758.97
37 $ 1741 | $ 679.00 $ 1045 | $ 689.45 | $ 776.38
38 $ 1724 | $ 67221 $ 1034 | $ 68255 | $ 793.61
39 $ 1706 | $ 665.49 $ 1024 | $ 675.73 | $ 810.68




ANALYZING DATA THROUGH GRAPHS
The following is optional but could make a nice tie in with functions and graphs.

1. Make ascatter plot using the data from paying the minimum amount on your credit
card. You can do thisin Excel, using the Tl calculator or by hand. Start with 0 and use
every tenth payment as a data point through the end. Sketch the result below

RemainingBalance
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Describe what is happening in the graph in words. Where does a change seem to occur?
Why isthis? Change occurs about payment #90 when the maximum amount goes
from 2.5% to $10 payments

2. Examine the two behaviors of the graph by creating two separate scatter plots. The
first one should start at 0 and continue until the graph changed shape. Sketch the result
below.
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3. What type of function seemsto best model this graph?

Exponential Decay

4. Determine an equation to model the function and use it for future predictions. Check
your equation against the scatter plot from #2.

From TI get 1000* (.99)

5. Continue making the scatter plot starting with payment number 90 through the | ast
payment. Sketch the result below.
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6. What type of function seemsto best model this graph?
Quadratic

7. Determine an equation to model the function and use it for future predictions. Check
your equation against the scatter plot from #5.

From Tl y:-.046x2+ 4.81x+343.98

8. Why do the two sections of the graph behave differently?



ity 1| | oo Resoomce Moo

9. Now make a scatter plot using the data from paying $100 on your credit card. You
can do thisin Excel, using the TI calculator or by hand. Sketch the result below.

Reni ri ngBal ance
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10. What type of function seemsto best model this graph?
Linear

11. Determine an equation to model the function and use it for future predictions. Check
your equation against the scatter plot from #9.

y=-91.64x+1012

12. Why do you suppose there is a difference in the shape of the graphs between #5 and
#9, when in both cases you were paying a constant amount?
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	Amounts:   a)     $2,805.10 b)   $2,829.56    c)  $2,835.25 d)   $2,838.14
	Interest:     a)     $805.10  b)   $829.56    c)  $835.25  d)   $838.14
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