
> > 

Homework 18- Charles Griebell

OK TO POST
Preamble:

with(LinearAlgebra);
with(VectorCalculus);
read `C:/Users/cgrie/Dynam Models Bio/Homeworks/HW18/M18.txt`;
read `C:/Users/cgrie/Dynam Models Bio/Homeworks/HW19/M19.txt`;



> > 

(1)(1)

Error, on line 1, syntax error, character `?` unexpected:
<?xml version="1.0" encoding="UTF-8"?>
 ^

Error, while reading ``C:/Users/cgrie/Dynam Models 
Bio/Homeworks/HW19/M19.txt``

Problem 1: Carefully read the answer to the first question in

https://sites.math.rutgers.edu/~zeilberg/Bio21/att18S.pdf

understand it and then write a Maple program that inputs numbers call it 

and outputs the answer to the following question

chickens lay eggs in days, how many eggs do  chickens lay in days?

Check that 

C := proc(a,b,c,d,e) local c_inv, a_chickens_daily,
single_chicken_daily,total_eggs;

#Step 1: set the units by 1 day (MULTIPLICATIVE INVERSE of c)
c_inv := 1/c;

#Find the number of eggs "a" chickens lay in 1 day
a_chickens_daily := b * c_inv;

#Step 2: find how many eggs 1 chicken lays in 1 day (Divide by 
"a")
single_chicken_daily := a_chickens_daily/a;

#Step 3: find total eggs laid by "d" chickens in "e" days
total_eggs := single_chicken_daily * d * e;

end;



(3)(3)

> > 

> > 

(1)(1)

(2)(2)

> > 

C(3/2,3/2,3/2,3,3);

#FINISHED!!!
6

Problem 2:
Carefully read the answer to the second question in ATT18s

understand it and then write a Maple program that inputs numbers a, b, k, call it, W(a, b, 
k) and
outputs the answer to the following question:

W := proc(a,b,k) local F1,F2,F3,F1a,knowns:
#Our system
#We are allowed to let the volume V=1
F1 := A*a + B*a = 1;
F2 := A*b + C*b = 1;
F3 := B = k*C;

#now substitute k*C into the B-value of F1
F1a := subs(F3,F1);
#Now solve the system of 2 equations with the 2 unknowns A and C
knowns := solve({F1a,F2});
end:

Check that W(4,5,2) = 20
W(4,5,2);

Problem 3: Recall that in order to find all the equilibrium points of a continuous-time 
(first-order) system

(i) Use algebra to solve,    ,  getting a (usually) finite set of points in      . 
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> > 

> > 

These are all the
equilibrium points (That live in 
whether they are stable or not).

#All we need to do is 
(ii) Find the Jacobian matrix  ,  in general, featuring .
In General, the jacobian matrix is

#DONE for general case

 
(iii)

FOR THE GIVEN PROBLEM, SOLVE (i), (ii), and (iii) for the following 
system:

Answer to  using algebra (i)

By inspection, both  and  whenever 

To solve the other case, we can treat , which in this case is a friendly system:

This leaves us with

Answer to (ii):

Finding the Jacobian Matrix, Let:
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> > 

(1)(1)

(4)(4)

> > 
(5)(5)

to find which equilibriums are stable, plug in the x and y value from each equilibrium point to the 
respective x and y of the jacobian matrix

Which has its maximum eigenvalue:

0.828427124

being greater than zero, therefore is NOT a stable equilibrium point.

for verification purposes use the  command:

IsStable([[-2, -2], [-4, -2]])
false

Which has its maximum eigenvalue

1
being greater than zero, therefore

#DO NOT CARE ABOUT INPUTTTING THE IMAGE -waste of ttime

Problem 4:
Using the procedure  Dis2(F,x,y,pt,h,A) with h=0.01 and A=10
to confirm numerically the answers of problem 3 HINT: Take pt to be a value close to the equilibrium



> > 

(1)(1)

(7)(7)

example 1: for equilibrium (0,0) ,  let pt be (0, 0.1)

eq00 := Dis2([x*(1-x-y),x*(3-(2*x)-y)],x,y,[0.1,0.1],0.01,10):
eq00seq:= evalf(seq(eq00[i][2],i=1..1000));
eq00seq_x := seq(eq00seq[i][1],i=1..1000);
print(`the y vals`);
eq00seq_y := seq(eq00seq[i][2],i=1..1000);
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the y vals
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> > 

(1)(1)

(7)(7)

> > plot([eq00seq]);

pointplot({seq([i,eq00seq_x[i]],i=1..1000)});

pointplot({seq([i,eq00seq_y[i]],i=1..1000)});



(1)(1)

(7)(7)

(8)(8)
> > 

It  appears that (0,0) is an unstable equilibrium because the values go 
away from zero. This is supported because the eigenvalues of the 
jacobian are positive. (This is supporting an answer)

#However, choosing an initial condition between 1 and zero 
represents boundedness. Is this some form of stability (like a stable 
domain)?
(This is not what the question is asking for
example 2: for equilibrium (2,-1) let pt be (2.01,-1)

Dis2([x*(1-x-y),x*(3-2*x-y)],x,y,[2.01,-1],0.01,10);
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The equilibrium point  (2,-1) is an unstable equilibrium because both the x and y values 
approach 



> > 
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Problem 5: and convince yourself that the SIRS dynamical system given in Eqs (28) Once we use 

is represented by procedure

SIRS(s,i,beta,gamma,nu,N)

Using procedure

Dis2(SIRS(s,i,beta,gamma,nu,N),x,y,[N-30,30],0.01,10) 

0.01 and (so )

With  confirm  the prediction that the epidemic will be eradicated 

(eventually the number of infected individuals will go to 0 ) if  but will 

persist if  

Help18();
print(SIRS);

 Dis2(F,x,y,pt,h,A), SIRS(s,i,beta,gamma,nu,N) 

#Trial when N=50 < nu/beta
#Choose an S and i that add up to N. To create agreement with the
pt value in Dis2, let s=20 and i=30
#The initial condition [N-30,30] is probably not very interesting
mathematically 
#
Dis2(SIRS(20,30,0.01,gamma,1,50),x,y,[50-30,30],0.01,10) ;
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#When N (the population of ) = 50, the disease is eventually eradicated because people die (there is no 
such thing as negative)
  

Dis2(SIRS(49,1,0.01,1,1,50),x,y,[49,1],0.01,10) ;
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(8)(8)

#It appears that Letting I=1 and S=49 is a case where the Infected becomes negative (formally 
terminates at zero because no such thing as negative infected) but the suceptible population still lives 
(48 people at step 1.97, because I = 0.0004 is the last nonzero entry) 

#Trial when N=80 < nu/beta
print(SIRS);
Dis2(SIRS(50,30,0.01,gamma,1,80),x,y,[50,30],0.01,10);
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# Given initial conditions [S=50,I=30] only 20 people are left living (at step 2.10) but humanity survives
and the disease is gone

#Trial when N=120 > nu/beta
Dis2(SIRS(90,30,0.01,gamma,1,120),x,y,[90,30],0.01,10);



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)



(12)(12)

(11)(11)

(10)(10)

(13)(13)

(1)(1)

(7)(7)

(8)(8)

Given the larger value of N=120 and initial S=90 and I=30, the population actually dies. (Interestingly, 
more not sick (but susceptible) people than the last trial (S=50 vs S=90) can increase chances of death) 
In this scenario, personally going on a spaceship with infected people and leaving the healthy people on 
earth can actually save you in the long run due to less reinfections.


