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. 2 Name:

Py First Midterm — Linear Algebra in Two Dimensions
= Math 22a, Ocl 23 1991
- Dror Bar-Natan
filIﬂL . . % . .
> Vou bave 120 minutes to answer the [ollowing 6 questions. The weight of cach question is
Fd marked on it, plan your time wisely! Notice that the maximum possible Llotal is 150 points,
which is about twice of what I expect most people to get. You may use any material you
wish to use other than your friends. At the end of the 120 minutes, return this form together
with your work and don't forget to sign your name on anything you submit. o
— = 2 TO— et e e e o s -

3. (25 points) Most of the people in the village Dir ei-Abad on the northern coast of the

Sinat desert in Egypt, are fishermen. I kind of forgot what their main catch is (I've
" been there once when [ was in elementary school) but I know for sure it’s not sharks.
However, that’s not going to stop us from calling them sharks anyway. When there ate
many sharks in the mediterranean, lots of people who normally pick dates in el-Arish
move in to Dir el-Abad to make some money, and when there are few sharks in the
mediterranean people move out and pick dates. Therefore the derivative of the excess
—= population p (beyond the number po of permanent residents) of this little village is
linearly dependent on the excess population s (beyond the average so} of sharks, with

< a positive coefficient. However, when there are many (vesp. few) fishermen in Dir
el-Abad, the excess poptilation s decreases (resp. increases). This is summarized by
- the follewing differential equation:
~
= dp m measures the mobility of people in nc;rmﬂ._u
=5 = ms(t) ﬂ et
A di Sinal.
{ .
.\ e measures the efficiency of fishing techniques in
ds Dir el-Abad and d - 5(t) measures the death rate
& - —ep(t) -~ s(t) of sharks due to natural causes, which increases
J y when the population s large.

(a) Write this differential equation in matrix form.

(b) Farrn=1, e =2 and d = 2 {in some units), solve this differential equation with
arbilrary initial conditions.

(¢) Draw schematically the Jong term behavior of this system in the (people,sh arks)

h plane for arbitrary initial conditions. (Namely, draw the phase portrait of the

above equation).

Name:

First Midterm — Linear Algebra in Two Dimensions
Math 22a, Oct 23 1991
Dror Bar-Natan

You have 120 minutes to answer the following 8 questions. The weight of each question is
marked on it, plan your Lime wisely! Notice that the maximum possible total is 150 points,
which is about twice of what I expect most people to get. You may use any material you
wish to use other than your friends. At the end of the 120 minutes, return this form together
with your work and don’t forget to sign your name on anything you submit.

3. (25 poinls) Most of the people in the village Dir el-Abad on the northern coast of the
Sinai desert in Egypt, are fishermen. I kind of forgot what their main calch is (I've
been there once when I was in elementary school) but I know for sure it’s not sharks.
However, that’s not going to stop us from calling them sharks anyway, When there are
many sharks in the mediterranean, lots of people who normally pick dates in el-Arish
move in to Dir el-Abad to make some money, and when there are few sharks in the
mediterranean people move out and pick dates. Therefore the derivative of the excess
population p (beyond the number po of permanent residents) of this little village is
linearly dependent on the excess population s (beyond the average so) of sharks, with
a positive coefficient. However, when there are many (resp. few) fishermen in Dir
el-Abad, the excess population s decreases (resp. increases). This is summarized by
the following differential equation: *

@ - m measures the mobility of people in porthern
= ms(t) 4
dt Sinai.

£ measures the efficiency of fishiug techniques in
ds . Dir el-Abad and d - s(i) measures the death rate
dt ¥ of sharks due to natural causes, which increases

when the population is large.

(a) Wrile this differential equation in matrix form.
(b) Far m=1, e =2 and d = 2 (in some units), solve this differential equation with
arbitrary initial conditions.

(c) Draw schematically the Jong term behavior of this system in the (people, sharks)
plane for arbitrary initial conditions. (Namely, draw~the phase portrait of the
above equaticn).
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