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Over the course of the next four days, you will complete a project about paying o↵ a credit card.
Today you will complete some warm-up exercises about compound interest to help prepare you for
the project.

TODAY’S GOAL: DERIVE THE COMPOUND INTEREST FORMULA

Annual Compounding

A savings account earns interest at a rate of 6% per year. You deposit $200 into this account.

1. Complete the table below to determine the amount in the account at the end of each of the
first 5 years.

Year
t

Amount in the account at the
beginning of the year

Interest added to the account
at the end of the year

Amount A in the account at
the end of the year

0 $200

1 $200

2

3

4

5

2. Use your table to determine a formula for the amount A in the account at the end of t years.
(Hint: how did you arrive at your table entries? Did you notice a pattern?)

A =

3. Use your formula from Question 2 to complete determine the amount A in the account at the
end of 10, 20, and 40 years.

Year
t

Formula Amount A in the account at
the end of the year

10

20

40
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4. Use your answers from Questions 1 and 3 to graph the function from Question 2 on the next
page. Connect the plotted points in the graph with a smooth curve.

5. (a) Use your graph on Page 2 to estimate how many years it takes for the amount A to reach
$1000. Answer here and label this point on your graph.

(b) Check your estimate in Question 5(a) in your formula from Question 2. Show your work.
Was your estimate too high or too low?

6. Answer the following questions by looking at your graph on Page 3.

(a) When is the balance A greater: at the end of year 8 or at the end of year 38?

How can you see this on your graph?

(b) When is the balance A changing faster: at the end of year 8 or at the end of year 38?

How can you see this on your graph?
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t (years)

A ($)

10 20 30 5040

500

1000

1500

2500

2000
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Monthly Compounding

A savings account earns interest at a rate of 6% per year (called the nominal annual rate),
compounded monthly. You deposit $200 into this account.

7. (a) Determine the number of times per year that interest is compounded.

n =

(b) If the nominal annual rate is r and interest is compounded n times per year, then the rate
that is used each time interest is compounded is r

n . If the annual rate is 6% and interest
is compounded every month, determine the monthly interest rate.

r

n
=

8. Fill in the table below, calculating the amount A in the account at the end of the first 5 months.

Month
m

Amount in the account at the
beginning of the month

Interest added to the account
at the end of the month

Amount A in the account at
the end of the month

0 $200

1

2

3

4

5

9. (a) Use your table to determine a formula for the amount A in the account at the end of m
months. (Hint: compare your work to your answers for Questions 1 and 2.)

A =

(b) Use your formula from Question 6(a) to determine a formula for the amount A in the
account at the end of t years.

A =

10. A savings account earns an annual interest rate r. Assume that interest is calculated n times
per year. You deposit $P into this account. Use a table and factoring methods developed in
class to determine a formula for the amount A in the account after t years.
(Hint: you already found specific instances of this formula, namely when r = 0.06 and P = 200
for two di↵erent values of n.)

A =
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HOMEWORK

1. The 6% annual interest rate that you used for your in-class work was somewhat unrealistic
in today’s economy. Research current annual interest rates for savings accounts (for example,
check a bank’s website). What rate did you find?

2. If you invest $1500 at an annual rate of 1.6% how much will you have after 7 years if the interest
is compounded quarterly (n = 4)? How much interest did you earn during that period?

3. If you invest $3000 at a 2% rate, compounded annually, how long would it take for your
investment to double? (Guess and check, showing your work, until your answer comes within
a year of the correct answer).

4. You wish to invest $1500 at an interest rate that will give you a balance of $2000 after 1 year.
Assuming interest is compounded daily, what is the smallest whole number interest rate that
you can accept? Is a 20% rate acceptable? Is it too large or too small? What about 50%?
(Guess and check, showing your work.)

5. Locate a credit card statement (either yours or a friend’s) and bring it to the next class. (Note:
if you use paperless billing, you will be able to download a statement when you log into your
credit card account online.)
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TODAY’S GOAL: DERIVE THE FORMULA FOR HIGH BALANCES

On your credit card statement, locate the balance, the rate and instructions for calculating the
minimum payment.

For this project we will work with a credit card that charges interest at a rate of
18% per year. The minimum payment each month is either 2% of the balance or $25,
whichever is greater. You have a balance of $2000 and always make the minimum
payment.

1. Based on the information above, make your best guess:

(a) How many years do you think it will take to pay o↵ the card? Enter your guess:

(b) How much money do you think you will pay in total? Enter your guess :

2. Use the flowchart provided to determine the minimum payment for the first month. Add your
answer to the table below.

3. Complete the table below to determine the balance at the end of each of the first 12 months.

Month
m

Balance at
beginning of month

Minimum payment Interest Balance A at end of
month

0 $2000

1 $2000

2

3

4

5

6

7

8

9

10

11

12
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4. Use your table to determine a formula for the balance A at the end of m months (as long as
the minimum payment is greater than $25).
(Hint: this formula will look similar to the one you found for compound interest for Day 1
Question 9(a).)

A =

5. Use your table and your formula from Question 4 to determine a formula for the balance A at
the end of t years (as long as the minimum payment is greater than $25).
(Hint: note that t = m/12 and substitute into your answer to the previous question. This
formula will look similar to the one you found for compound interest for Day 1 Question 9(b).)

A =

Notice that your formula from Question 5 applies only for years when the minimum payment
is greater than $25. In tonight’s homework, you will determine for which years this formula
determines the actual balance A at the end of the year. For Questions 6 and 7, you will work
with the formula itself, without restricting to this particular time period.

6. Use your formula from Question 5 to complete the table below. Fill out only the first few rows
for now and the rest for homework.
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Year
t

Balance A according to
formula from Question 5

0 $2000

1

2

3

4

5

6

7

8

9

10

15

20

7. Plot the first few points from the table in Question 6 on a graph.
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t (years)

A ($)

5 10 15 20

2000

500

1000

1500

HOMEWORK:

1. Complete the table in Question 6 and plot all the points on the graph. Connect the plotted
points in the graph with a smooth dashed or dotted line.

(a) From left to right, is the graph increasing or decreasing?

(b) Does the graph look like a straight line or is it curved?
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(c) Compare the direction the graph is pointing at year 0 to the direction the graph is pointing
at year 20. Where is it steeper?

(d) What does the shape of the graph as you described it in parts (a), (b), and (c) tell you
about the balance A?

Let’s call the balance A for which $25 is equal to 2% is called the critical balance.

• If the end-of-month balance is above the critical balance, then the minimum payment for
the next month is 2% of the balance.

• If the end-of-month balance is below the critical balance, but above $25, then the minimum
payment for the next month is $25.

• If the end-of-month balance is below $25, then the minimum payment is the balance.

2. Determine the critical balance.

3. (a) Label the point on your graph for which the formula from Question 5 gives the critical
balance.

(b) Remember that the formula you found in Question 5 applies only for years when the
minimum payment is greater than $25. The point from 3(a) divides your graph into two
pieces. For one piece, the graph accurately represents the balance A at the end of the
year. For the other piece, the graph does not accurately represent the balance A at the
end of the year. Label each piece according to whether it accurately represents or does
not accurately represent the balance A. For the portion of the graph that is accurately
represented by our curve, change the dashed or dotted line into a solid line.

4. (a) Use your graph to estimate how long it takes for the balance A to reach the critical
balance. (Hint: you have marked the point which corresponds to the critical balance, now
drop down vertically to find the time in years.)

(b) Check your estimate in 4(a) by plugging it in your formula from Question 5 from today’s
class. Is it too big or too small? Guess again, and check to see if your answer is closer.
Continue to guess and check until you determine the time it takes to reach the critical
balance to the nearest 10th of a year. Show your work checking at least two guesses.
(Example: If your estimate was “a little more than 4 years” then you might try guessing
4.1 years, 4.2 years, 4.3 years, and so on.)
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Is the balance equal to
$25 or less?

Minumum
payment is 
the balance

Minumum
payment is 

$25

Is 2% of the balance
equal to $25 or less?

Calculate new balance

END

START

CALCULATING THE BALANCE AT THE END OF THE MONTH

Import the balance from the end of last month

Minumum
payment is 2% 
of the balance

Calculate interest

Interest is    % 
of the balance

Calculate minimum payment

New balance = old balance - minus payment + interest 

No

Yes

NoYes

18
12
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Recall from last class, for this project we are working with a credit card that charges interest at
a rate of 18% per year. The minimum payment each month is either 2% of the balance or $25,
whichever is greater. You have a balance of $2000 and always make the minimum payment.

TODAY’S GOAL: APPROXIMATE HOW LONG IT TAKES TO PAY OFF THE
CREDIT CARD

1. Fill in the following using your work from Day 2 (you do NOT need to do any additional
calculations in this question - just copy the answers):

(a) (From Day 2 Question 5) What is the formula for the balance A at the end of t years (as
long as the minimum payment is greater than $25)?

A =

(b) (From Day 2 Homework Question 4) How many years does it take for the balance to reach
the critical balance? Give your answer to the nearest 10th of a year.

(c) (From Day 2 Question 6) Fill in the table through the year in which the critical balance
is reached.

Year
t

Balance A according to formula
from Question 5 from Day 2

0 $2000

1

2

3

4

5

6

7

8

9

10
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2. Fill the critical balance in under “Old balance” in the first row of the table below. Complete
the table for the next few months.

Months m from
critical balance

Old balance Minimum
payment

Interest New balance A

1 $25

2

3

4

5

A formula for the new balance in this case can be found, but it requires more extensive math-
ematical work. You could complete a larger table like the one above, but it could take a long
time before you reach a balance of $0. We will instead approximate the time it takes to pay o↵
the card using the annual interest rate. This will capture the main idea while allowing us to
complete an estimate within a reasonable amount of time.

3. If you pay $25 per month, how much do you pay per year? Use this number for each entry
in the “Minimum payment” column of the table in the next question (until the balance falls
below it).
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4. In the first row of the table below, under “Old balance,” enter the first balance you determined
in Question 1(c) that was below the critical balance. In the second column “Years from start
of payo↵ period,” add your answer to Question 1(b) to the number in the first column. Use the
nominal annual rate of 18% to compute the annual interest. Complete the rows of the following
table until the balance is below your answer to Question 3.

Years
from
critical
balance

Years from
start of payo↵
period (will be
a decimal)

Old balance Minimum
payment

Interest New balance
A

1

2

3

4

5

6

7

8

9

10

5. (a) Once the balance falls below the answer to Question 3, it will take less than a year to pay
o↵ the card. Estimate how many months it will take. How many years is that? Use your
answer to Question 3 and the last new balance in the table in Question 4 (you may ignore
the interest for this estimate). Give your answer in the form of a decimal, to the nearest
tenth of a year.

(b) Add this to the year of the last row in the table in Question 4. This is the approximate
number of years it takes to pay o↵ the credit card once the critical balance is reached.
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HOMEWORK:

1. Add your answer to classwork Question 1(b) to classwork Question 5(b).
This is the approximate total time it takes to pay o↵ the original $2000 balance
on the credit card.

Total time to pay o↵ the credit card (approximate)

2. Plot points on the graph on the next page showing the yearly balance as it decreases from
$2000 to $0. For the period prior to the critical balance use your calculations from Day 2, and
for the period after the critical balance use your answers to Question 4. Connect the points
with a smooth curve.

3. Locate the following points on the graph: the beginning, the point where the critical balance
is reached, and the end (label them b, c, and e). Of these 3 points, when is the graph steepest?
When is it least steep? When is the balance changing the fastest?
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t (years)

A ($)

5 10 15 20

2000

500

1000

1500
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Recall from the previous two classes, for this project we are working with a credit card that charges
interest at a rate of 18% per year. The minimum payment each month is either 2% of the balance
or $25, whichever is greater. You have a balance of $2000 and always make the minimum payment.

Last class and in your homework you approximated how long it would take to pay o↵ the credit
card.

TODAY’S GOAL: ESTIMATE THE TOTAL AMOUNT PAID

We consider the two parts of the project separately, before and after the critical balance is reached.
Then we will combine our answers to obtain the total amount paid.

1. Fill in the following using your work from Day 3 (you do NOT need to do any additional
calculations in this question - just copy the answers):

(a) (From Day 3 Question 1(b)) How many years does it take the balance to reach the critical
balance? Give your answer to the nearest tenth of a year.

(b) (From Day 3 Question 5(b)) How many more years does it take to pay o↵ the card once
the critical balance has been reached? Give your answer to the nearest tenth of a year.

(c) (From Day 3 Homework Question 1) Enter the total time it takes to pay o↵ the original
$2000 balance on the credit card below.

Total time to pay o↵ the credit card (approximate)

Part I: Estimate the total amount paid for the 2% payments (before the critical balance
is reached)

We will estimate the total amount we paid in this period in two ways–first by making an estimate
that is too small, and then one that is too large.

2. First estimate.

(a) What was the largest monthly payment that we made in the period from the initial balance
of $2000 until we reached the critical balance when the payments switched to $25? (Refer
to Day 2 Question 3.)

(b) Imagine that every payment was equal to your answer from 2(a) (the largest payment).
How much would you end up paying over the course of one year? This is our estimated
annual payment.
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(c) Use the estimated annual payment from 2(b) and your response to 1(a) to estimate the
total amount paid in the period before the critical balance is reached.

(d) Is your estimate from 2(c) bigger or smaller than the actual amount that we paid before
reaching the critical balance? Explain your answer.

3. Second estimate.

(a) What was the smallest monthly payment that we made in the period from the initial
balance of $2000 until we reached the critical balance? (Refer to Day 2 Question 3.)

(b) Imagine that every payment was equal to your answer from 3(a) (the smallest payment).
How much would you end up paying over the course of one year? This is our estimated
annual payment.

(c) Use the estimated annual payment from 3(b) and your response to Question 1(a) to esti-
mate the total amount paid in the period before the critical balance is reached.

(d) Is your estimate from 3(c) bigger or smaller than the actual amount that we paid before
reaching the critical balance? Explain your answer.

4. Let S represent the actual amount that we paid during this period. Use inequalities to express
the idea that S lies in between the answers to Questions 2(c) and 3(c) above.
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Part II: Calculate the total amount paid for the $25 payments (after the critical balance
is reached)

5. How much did we pay in total during the period after the critical balance was reached? Explain
how you got your answer. You may use your work from Day 3 to aid in your calculations.

Part III: Estimate the total amount paid

6. The total amount paid is the sum of the amounts paid before and after the critical balance was
reached. Let T represent the actual total amount paid overall. The value of T lies in between
two estimates; one that is too low and one that is too high (this is similar to S from Question
4). Use your work from Questions 4 and 5 to find these estimates, then use inequalities to show
that T lies between them.

7. Find the average of the two estimates for T that you found in Question 6 and enter it below.
This average provides a better approximation for T , the total amount paid, than either of the
estimates from Question 6 do. Enter this approximation for T below.

Total amount paid (approximate)

8. The total interest paid is the di↵erence between the total amount paid from Question 7 and the
original $2000 balance. This is the cost of borrowing $2000. Use your answer from Question 7
to determine the (approximate) cost of borrowing $2000.
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HOMEWORK:

1. On Day 2, for Question 1 you guessed how long it would take to pay o↵ the original $2000
balance on the credit card and how much money you would pay in total. On Day 4, for
Questions 7 and 7 you found approximations for these values. Copy your guesses from Day 2
and your approximate values from Day 4 in the table below.

Guess from Day 2 Value from Day 4

Total time

Total amount paid

2. Reflect on the Credit Card Project that you have just completed. In the space below, write a
short paragraph responding to each of the following questions.

• How did your guesses compare with the results of your calculations? Refer to your answer
for Homework Question 1 above.

• Were you surprised by the results of your calculations?

• What did you learn?

• What advice would you give to a friend about credit card debt?


