1. Consider the population of the United States. Suppose that (aside from immigration) the population increases by 2 percent each year – that is, for every 100 people who start the year living in the U.S., there are 102 people living in the U.S. a year later due to births and deaths. In addition to this intrinsic growth rate, people also immigrate to the U.S. Suppose that 1 million people immigrate to the U.S. in 2004, and that the number of people who immigrate each year to the U.S. increases by 100,000 each year. Suppose that the U.S. population at the start of year 2004 is 260 million. 

a. Give a dynamic systems model with one variable for the population of the U.S. every year (note: you may start with a dynamic systems model with two variables, but then you should reduce it to a system with one variable). 

a(n+1) = 1.02*a(n) + 1,000,000 + 100,000*n 

b. Give the general solution to this system. 

The general solution is in the form: 

a(n) = C*(1.02)^n + An + B 

and a(n+1) = C*(1.02)^(n+1) + A(n+1) + B 

Substituting these back into the system we get: 

C*(1.02)^(n+1) + A(n+1) + B = 

1.02*(C*(1.02)^n + An + B) + 1,000,000 + 100,000n 

Solving for A we get A = -5,000,000. Using the equation - .02A + B – 100,000 = 0, 

We can solve for B. We get that B = -300,000,000. 

The general solution is: 

a(n) = C*(1.02)^n - 5,000,000n – 300,000,000 
c. Find the particular solution. 

Using the initial condition a(0) = 260,000,000, we get C = 560,000,000. 

The particular solution is: 

a(n) = 560,000,000*(1.02)^n - 5,000,000n – 300,000,000 
d. What will be the population of the U.S. in the year 2015? 

It is now 2004, so 2015 is 11 years away. We solve for a(11): 

a(11) = 560,000,000*(1.02)^(11) - 5,000,000*(11) – 300,000,000 

= 341,289,613 people 
2. Give the particular solution to: a(n+2) = 3a(n+1) - 3a(n), a(0) = 2, a(1) = 5 

The characteristic equation is: 

x^2 = 3x - 3 

Finding the roots of the characteristic equation, we get x = [3 ± i*sqrt(3)]/2. 

We now form the general solution: 

a(n) = c1([3 + i*sqrt(3)]/2)^n + c2([3 - i*sqrt(3)]/2)^n 

Using the given initial conditions we get: 

a(0) = 2 = c1([3 + i*sqrt(3)]/2)^(0) + c2([3 - i*sqrt(3)]/2)^(0) 

a(1) = 5 = c1([3 + i*sqrt(3)]/2)^(1) + c2([3 - i*sqrt(3)]/2)^(1) 

Using these two equation to solve for c1 and c2, we get c1 = 1 - 2*i*sqrt(3)/3, c2 = 1 + 2*i*sqrt(3)/3. 

So the particular solution is: 

a(n) = (1 - 2*i*sqrt(3)/3)([3 + i*sqrt(3)]/2)^n + (1 + 2*i*sqrt(3)/3)([3 – i*sqrt(3)]/2)^n 
