Q SCI 291
Application Problem Answers from our Text for Weeks 3 and 4
Problem 56, page 105

Solve: I = 100e-.00942d  

For d= 50 ft., I= 62.44%

for d=100 ft., I = 38.98%
Problem 58, page 105

The equation is: N=83e.032t with t=0 representing 2008. In 2020 (t=12). N= 122 million. In 2030 (t=22), N=168 million

Problem 92, page 117
Find t when A=.1A0
where A=A0e-.000124t  

Thus, .1A0/A0=e-.000124t  
ln(.1)=-.000124t and t = 18,569 years
Problem 82, page 141
A(x) = 20 
if 0<x<=4,000 and   80,000/x
if x>=4,000

The lim of A(x) as x goes to 4,000 is 20 and the lim of A(x) as x goes to 8,000 is 10

Problem 74, page 152

C(t) = (5t2 + 250t)/ (t3 + 100)
Following Theorem 4 on page 148, the lim of C(t) as t goes to infinity is = lim 5t2/t3 = 5/t = 0

With m<n, y=0 (x-axis) is the horizontal asymptote.

Problem 82, page 163

a) S = 5 + 0.69x  if 0 < x < 5
    S = 5.2 + 0.65x  if 5 < x < 50

    S = 6.2 + 0.63x  if x > 50
c) As x → 5, S(5) = 8.45 so S(x) is continuous.  As x → 50, S(50) = 37.7 so S(x) is continuous.
Problem 86, page 164
a) f(p) is discontinuous at t2 and t4
c) lim = 30 and lim =10

d) lim = does not exist and lim = 80

Problem 78, page 526

a) P(0) = 1 + cos 0 = 1 + 1 = 2; P(39) = 1 + cos (180*39/26) = 1 + cos 270 = 1 + 0 = 1;
    P(52) = 1 + cos(180*52/26) = 1 + cos 360 = 1 + 1 = 2; P(65) = 1 + cos(180*65/26) = 1 + cos 450 = 1 + cos 90 = 1 + 0 = 1

b) P(10) = 1 + cos(180*10/26) = 1 + cos 69.2308 = 1.3546; P(95) = 1 + cos(180*95/26) = 1 + cos 657.69 = 1.4647. These results show the amount of SO2 released into the atmosphere in a large city in the 10th and 95th weeks, respectively, after Jan 1.
In section 2-5 (page 99), we are introduced to the exponential growth and decay functions: y = aebt      where t = time and a, b are constants. a represents the initial condition and b represents the relative growth rate. We often write this expression as: Nt = N0ebt  when dealing with populations. If b > 0 we have exponential growth and if b < 0 we have exponential decay.

Almost all biological populations experience an upper asymptote that limits long-term growth. Thus, the exponential function, which keeps increasing as time increases, is not an appropriate growth function in this case. Instead, the logistic growth equation is usually used to model populations over time. Here, Nt =  k/[1 + ae-bt], where a, b and k are constants and both b and k are > 0. k represents the upper limit or horizontal asymptote of the population size as t goes towards infinity and b represents the relative growth rate. As t goes towards infinity, the term ae-bt approaches zero, and the denominator approaches one so Nt approaches k. 
The logistic function is also called the Verhulst or Verhulst-Pearl equation after men who first defined and introduced this equation. A brief description of the logistic function is shown on p.379 of our text.
Suppose the following function models the number of people who are ill with the flu t weeks after the initial outbreak in a town of 100,000 people. Nt =  100,000/[1 + 5000e-1.25t]. At t=0, when the flu epidemic starts, the number of people infected with the flu is: N0 = 19.996 or 20 people. At the end of two weeks (t=2), the number infected is: N2 = 243.058 or 243 people. After one year (t=52) we see that N52 = 100,000 so everyone is sick with the flu. This is not realistic and implies that the value we selected for k is too large. Probably, we should rely on past experience from similar flu epidemics and set k equal to a given percent of the population (say) 55 %. In this case, the upper limit on the number of sick people would be 55,000.
In its simplest form, the logistic equation is written as: Nt = 1/[1 + e-t] and, as we shall see later in the course, the first derivative is N’t = Nt [1 – Nt].  This value is interpreted as the instantaneous rate of change of the population at time t. For the exponential function, y = aebt where growth is unlimited, the first derivative  dy/dt = by where y(0) = a and t, b > 0. Rewriting this in terms of population symbols we have: Nt = N0ebt  where Nt = y and N0 = a, so dNt/dt = bN0ebt = bNt = by.
