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Exampie 3: Glucose-insulin medel (adapted from a discussion on page 340-341 of the text "Linear
Algebra with Applications,” by Otto Bretscher)

Let G{U) be the excess glucose concentration {mg of G per 100 ml of blood, say} in someone’s blood,
at thme ¢ hours. Excess means we are keeping track of the difference between current and equilibrium
{"fasting”) concentrations. Similarly, Let H(t} be the excess insulin concentration at time t. When bicod
levels of glucose rise, say as food is digested. the pancreas reacts by secreting insulin in order to utilize
the glucose. Researchers have developed mathematical models for the ghicose regulatory system. Here
is a stmplified (linearized) version of one such model, with particular representative matrix coefficients,
it would be meant to apply between meals, when no additional glucose is being added to the systen:

i
i [ -4l
ag | L -alH
dt

Explain (understand) the signs of the matrix coefficients:

In Bretscher the topic at hand was discrete dynamical systems rather than continuous ones, and the

model given was:
[G(:H}} {9 ——.4}[(3{!)}
ae+ny L9 flHD

Explain how 1 converted this discrete dynamical system into a related first order system of DE’s!
(Notice the matrices are NOT the same!}

Now let’s solve the initial value problem, say right after a big meal, whea
{G{O)} [10@]
H() 0
> restart:with(linalg) :with{plots):
“ s BAiematrixi2,2,[-.1,~.4,.1,-.11};

01 04
A=
0.1 -0
» eigenvects (Al ;

[-01.1 = 0.2000000000 7 1, {[-2.000000000 - 0.0 -1 101

[-0.1 +0.2000000000 1, 1, {[-2.000000000+ 0. /, G. + 1. [}}]
Can you get the same eigenvalues and sigenvectors? Extract a basis for the solution space to his
homogeneous system of differential equations from the eigenvector information above:
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Solve the initial vaiue problem.

Here are some pictures to help understand what the model is predicting:

(1) Plots of glucose vs. insulin, at time ¢ hours later:
5 G:=t->100%exp{-.1l¥t)i*cos(.2%E):
Hi=b-»50%axp (-, 170} *sin(.2¥%C)

» plot ({G{t) H(t)}, t=0. .30, color=black, title=
‘Excess Glucose and Insulin concentratio
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2y A phase portrait of the glucose-insulin system:
=fieldplot ([-.1*G~- . 4*%H, . 1%G~. 1*H] ,G=-40. .

soltn:=plot {[G{t} Bt} =0, .307,colorsblack) :

= pictl:

display ({pictl,soltn}, titles="Glucose vs Insulin

phase portrait’};
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