M309 Quiz # 1 Oct 8, 2007 SOLUTIONS:

(1a) There are two tanks, with pipes carrying salt water as shown:

\ 4 gal/day, 1 lbs salt/gal 1 gal/day, with 5 lbs. of salt/gal.
1 gal/day

T T
2 gal/day ?

\ 5 gal/day of mixture in T}

T} holds 10 gallons of salt water; T5 holds 20 gallons of salt water.

Let x1 be pounds of salt in 7T} at time ¢;

Let x5 be pounds of salt in 7T, at time ¢;
Write a system of differential equations for x; and ws.

. v, = —0.6x; +0.12y + 4
SOLUTION: { af) = 0.1x;—0.1lzy,+5

(1b) How many lbs of salt are in 7} and 75 when the syatem is in equillibrium?

SOLUTION: 2z} =0and 2, =0, So

—0.6z1 + 0.1z = —4
0.1371 — 01132 = -5
—O.5ZE1 + 0- To = -9
ry = 18

$2:68



= 31’1 - 2ZE2

= 21‘1 — 2$2

/
(2a) Find the solution to { 71
To 5

where (0) = l L ]

=X oA—2=(\—2)A+1)

] 3—A -2
Solution: det [ 9 _9_\ ]

For the eigenvalue \; = —1, the eigenvector is §; = [ ; ]

For the eigenvalue Ay = +2, the eigenvector is A\ = l 2 ]

) 2

The general solution is [ 1 ] = [ 1 ] et + Oy [ 2 ] o2

X2

If$(0>:[é‘|,then01:37 02:—1. So[%]: [;]et_[%162t

(1b) The quadrants are numbered in the diagram below The trajectory of (1b) starts in
quadrant 7. In which quadrant (I, I1, 11 or IV) will the trajectory be when ¢ = 10007

| :(1000) | 1 -2 . . .
Answer: [ 5(1000) | = 3 9 | € + 1 B, where € is very small and B is very big.

The trajectory starts in I, then goes to II, and finally goes into III, where it remains.
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