Fordham University Mathemaical Modelling Math 1700-R01

Homework 3
§2.6-7

1. (8 points) Find the fixed point of the following linear model.

Tny1 = (7T —3x,)/2

Cassify the fixed point as either stable or unstable, and state whether or not solutions (other than the
fixed point) oscillate.

2. (8 points) Find the equilibrium (fixed point) of the population model
Pn+1=0.95P, +7.25
Determine both stability and whether or not oscillation occurs.

3. Suppose that each day during flu season, 15% of those who have the flu in a certain town recover from
it, while another 600 people come down with the flu. If there are currently estimated to be 1800 cases
of the flu:

(a) (8 points) How many cases will there be two weeks (14 days) from now?
(b) (6 points) Does the number of cases eventually stabilize? If so, at what number?

(c) (8 points) Suppose the estimated number of current cases is wildly inaccurate. If there are actually
10,000 current cases of the flu, does the answer to part (b) change?

4. Find the partial derivatives f,(x,y) and f,(z,y) for each of the following functions.

(a) (8 points) f(z,y) = 72> + 622y +¢°

(b) (8 points) f(z,y) = sin(ay?)
5. (10 points) Let

fz,y) = 2® + 22y +4y® — 3y.

Find the critical point(s) of f, i.e., the points (z¢, yo) that satisfy both f(zo,y0) = 0 and fy(zo,%0) = 0.

6. (12 points) Consider the following set of 5 points.
{(1,7),(2,10), (3,11), (4,14), (6,19)}

Construct the least-squares regression line that best approximates the points.

7. (12 points) Suppose the following data is collected through observation.
Trog = 607 T = 25, To = 10, T3 = 5, T4 = 2, T5 — 1
Construct the linear model z,4+1 = ax, + b that best approximates the data.

8. (12 points) In the special case that a function f is invertible, the inverse function f~* exists and the
linear equation x, 11 = f(x,) can be iterated backward according to the equation

Tpoq = f ).
Thus, given an initial value x, iteration of f produces the forward orbit
o, T1,T2,. ..
and iteration of f~! produces the backward orbit
X0, L1, T2, ...

Prove that a fixed point p of a linear function f(z) = ax + b is stable under forward iteration if and only
if it is unstable under backward iteration.
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1. (8 points) Find the fixed point of the following linear model.

Tpyr = (7T—3x,)/2

Cassify the fixed point as either stable or unstable, and state whether or not solutions (other than the
fixed point) oscillate.
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2. (8 points) Find the equilibrium (fixed point) of the population model
P”+1 - (]()5P11 _*_ 725

Determine both stability and whether or not oscillation occurs.
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3. Suppose that each day during flu season, 15% of those who have the flu in a certain town recover from
it, while another 600 people come down with the flu. If there are currently estimated to be 1800 cases
of the flu:

(a) (8 points) How many cases will there be two weeks (14 days) from now?
(b) (6 points) Does the number of cases eventually stabilize? If so, at what number?

(¢) (8 points) Suppose the estimated number of current cases is wildly inaccurate. If there are actually
10,000 current cases of the flu, does the answer to part (b) change?
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4. Find the partial derivatives f,(x,y) and f,(x,y) for each of the following functions.
(a) (8 points) f(z,y) = Tz* + 622y + ¢°
(b) (8 points) f(x,y) = sin(zy?)
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5. (10 points) Let ' .
flz,y) = 22 + 22y + 4% — 3y.

Find the critical point(s) of f, i.e., the points (z¢, yo) that satisfy both f.(zo,y0) = 0 and f,(z0,y0) = 0.
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6. (12 points) Consider the following set of 5 points.
{(1,7),(2,10),(3,11),(4,14),(6,19)}

Construct the least-squares regression line that best approximates the points.
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7. (12 points) Suppose the following data is collected through observation.
zo = 60, ry = 25, I = 10, I3 = D, Iy = 2, Irs = 1

Construct the linear model z,,,1 = ax, + b that best approximates the data.
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8. (12 points) In the special case that a function f is invertible, the inverse function f~! exists and the
linear equation z,+1 = f(z,) can be iterated backward according to the equation

Tpo1 = f N xy).
Thus, given an initial value xq, iteration of f produces the forward orbit
T, X1, T2, - .-
and iteration of f~! produces the backward orbit
L0y L1, L2y

Prove that a fixed point p of a linear function f(x) = ax +b is stable under forward iteration if and only
if it is unstable under backward iteration.
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