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o ¢ 0O 2
. Solve x=[(0 0 -1]x =0)=11}.
b [ 0

Sketch the solution curve given parametically by za(t), z2(t); zs(t)-

@ Mzah SPas P2 #3

YisPin

Initially tanks [ and R each contain V liters of pure water. Brine (i.e., salty water), with a
concentration pin (e.g., measured in grams of saltliter of water) is pumped into tank L at the rate of
rin {measured in liters/minute). Some cf the well-stirred mixture is pumped into F at the rate r, while
some more is pumped out onto the ground at rate rout. Tank R is also wel-stirred and its contents are
fexd back into tank L at the rate 120 (> r2R). The rates are such that rin + 2L = rout + 2K,

(20 pts.) Set up the system of differential equations whose solution describes QL and QR, the -
amounis of salt in the tanks, as functions of time. Do not solve this system. Note that, while the
amount of liguid in tank L stays constant, that in tank R gradually decreases. From botha
mathematical and a physical argument, delermine the time over which the system of differential
equations is valid.

{10 pts.) If the above system of equations is wrilten as (' = AQ, with Q a column vector {contzining

elements QL and QR) and ' signifying differentiation with respect o lime, what are the elements of the
2x2 matrix A7
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Section 33

Consider the following systems of first order differential equations

2 = —z 4y
y'=2z -y

z' = —x 4 2y
y = -2z —y

Consider alzo the following phase plane pictures of typical trajectories (z(f), y(¢)) for so-
lutions of some first order linear systems.

(a) Which phase plane picture corresponds to system (i) ?

(b} Which phase plane picture comresponds to system (i) 7

(c) Sketeh your chosen pictures in your exam book, placing "arrowheads” on the
trajectories to indicate the direction in which the solutions move (along the tra-
jectories) as ¢ — oo, For cach system, state whether all solutions approach one
particular solution as §{ — co.

{d) Give the solution to system (i) satisfying the initial condition

(1) =(3)

(e} Sketch the graph of z(t) from your solution to {d} (in the (¢, z}-plane.
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