
Homework #8
Due Wednesday, October 28

1. Consider a disease that follows an SIS model, i.e. there are only two states: Susceptible
and Infected and when you recover from being Infected you go back to being Suscep-
tible. Let S(t) be the number of susceptible at time t, I(t) the number of infected and
N(t) the total number of people, i.e. N(t) = S(t) + I(t). We are going to compare two
different models.

Model 1:

S ′ = bN − dS − cIS + rI (1)

I ′ = −eI + cIS − rI, (2)

where b is the birth rate (same for S and I; babies are born susceptible), d is the death
rate for S, e the death rate for I, r is the recovery rate, and c is the infection rate.

Model 2:

S ′ = bN − dS − ĉ
IS

N
+ rI (3)

I ′ = −eI + ĉ
IS

N
− rI, (4)

where the values are the same as in Model 1, except there is a new infection rate ĉ.

(a) Assume time is measured in years and b = 0.06, d = 0.03, e = 0.04, r = 2, and
c = 0.001. Compute a value for ĉ so that if S(0) = 990 and I(0) = 10 then after
one year, both models have produced the same number of infected, i.e. I(1) is
the same for both models. You don’t have to find an exact value for ĉ but you
should clearly show the calculations or estimates you made to justify the value
you come up with. Do not solve the model numerically or otherwise and use trial
and error to come up with ĉ, you should be able to figure something out from the
given models and data.

(b) With the parameter values as given and computed, for each model compute the
susceptible and infected populations after 100 years. You should use a numerical
method (of your choice) to make this calculation. Include a copy of the code you
use. If you can, produce a graph of the results for all 100 years. The time step
you use in your numerical calculation will have to be much smaller than 1 year to
get accurate answers; how much smaller depends on the accuracy of the method
you use.

(c) Discuss the results and explain the difference (if any) from the two different in-
fection terms. In the literature the first term is sometimes referred to a variable
density term while the second as a uniform density term. Do your results explain
the difference?


