Fordham University Math 1700-R01 Mathematical Modelling

Homework 2
Due 9/26

1. Suppose someone borrows $10,000 at an annual interest rate of 6% compounded monthly
and makes monthly payments on the loan. Construct an iterative model z,, 11 = f(zn)
for the monthly unpaid balance if the monthly payments are $1, $2, $4, $8, $16, - - - .

2. Suppose that an investment of $1000 grows to $1500 in 2 years getting interest that is

compounded monthly.
(a) What is the interest rate?
(b) How much interest (in dollars) does the investment earn during the first year?

3. Suppose that when a certain radioactive substance decays, its mass M,, on day n sat-
isfies M, 1 = aM,,. Assuming its mass is measured to be 250 grams initially and 100
grams on day 7:

(a) Find the formula for the mass M,,.
(b) What is the approximate half-life of the substance, i.e., the time its takes to lose

half its mass?

4. Suppose that when a certain pendulum is set in motion, it swings in such a way that
the greatest positive (or negative) angle it makes on one side of the vertical is always
95% of the greatest negative (or positive) angle it previously made on the other side
of the vertical, which always occurs 3 seconds earlier. If the initial angle it makes with
the vertical when let go is 20°:

(a) How many times will the pendulum cross the vertical before the magnitude of
the angle it achieves is 1° or less?

(b) Approximately how long will it take for this to happen?

5. Find the exact solution for z,, of the homogeneous linear equation below when z = 1.

n+2
Tn41 = n+1xn

2464+18+54+162+---+2-3%,

6. Evaluate the geometric series

7. Evaluate the infinite geometric series
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8.

10.

11.

Every month for 20 years Amy deposits $250 into an account that earns 2% annual
interest, compounded monthly. Just after making the final deposit, Amy withdraws all
of the money in the account. She then takes this large amount of money and deposits
it into a second account earning 3% annual interest, compounded monthly. At the end
of every month for the next 20 years, Amy makes an equal size withdrawal from the
second account such that after the last withdrawal the balance in the second account
is $0.

(a) How much does Amy withdraw from the first account (and deposit into the sec-
ond account)?
(b) How much does Amy withdraw from the second account each month?

(c) What is the total amount of interest that Amy earns from both accounts?

. Suppose a couple with a combined annual income of $72,000 would like to purchase

their first home. They have $50,000 available as a down payment and can get a mort-
gage for the rest at 8% annual interest paid monthly for 30 years. However, the lender
will not allow their monthly mortgage payment to exceed 1/4 of their monthly in-
come.

(a) What is the maximum price home they can afford under these conditions?

(b) What would they have to get their annual income up to in order to afford a
$300,000 home?

Suppose there are two products A and B competing for market share. Each month 3%
of consumers switch from using A to using B, and 5% switch from B to A. The rest stay
with the one they currently use.

(a) Sketch the transition diagram.

(b) If A currently has a 70% market share and B has 30%, what percent will each have
after 1 year (12 months)?

The alumni of Fordham University generally contribute donations or do not con-
tribute donations according to the following pattern: 75% of those who contribute
one year will contribute the next year; 15% of those who do not contribute one year
will contribute the next.

(a) Sketch the transition diagram.

(b) Forty-five percent of last year’s graduating class contributed this year. What per-
cent will contribute next year? In 10 years?

(c) In the long run, what percent of alumni should the univerity expect to contribute
a donation? Would this percentage change if 100% of alumni donated last year
(instead of 45%)?
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