MTH 291, Exam #1, Fall 2017 Name

Instructions: Show all work. You will earn full credit for correct answiirs only when accompanied by
work or explanation. Answers that are incorrect and have no work wlll not receive any partial credit.
Use exact answers, except in applied problems: round to two decimaliplaces, or the number requested

in the problem.

equation 2y’ = y3 cos x. (10 points)
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1. Verify that y = (1 — sinx) ™2 is a solution to the differenti
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2. Verify that the pair of function x = e ™2t + 3e® and v = —e ! + 5e°¢ is a set of solutions to

the system % =x + 3y and i—f = 5x + 3y. (12 points)
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3. Consider the differential equation % =", Explain why a $olution of the differential equation
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4. Write a differential equation to model a situation where a pg

ulation growth is proportional to
the square of the population. (8 points) ‘
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5. Suppose that a large mixing tank initially holds 300 gallons ofjater, into which is dissolved 50
pounds of salt. Another brine solution is pumped into the tafilk at a rate of 3 gal/min, and when
the solution is well-stirred, it is then pumped out at a slower flate of 2 gal/min.
a. If the concentration of the solution entering is 2 Ibs/gal, determine a differential equation

for the amount of salt at time t. (10 points) | g ( G) = 50
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Ive the equation you found. How long is the equatlon efined? Assume the tank holds
1000 gallons of water. (8 points) 2ln(300¢t) i Goo+t
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c. If the solution is defined for all positive time, find the i
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7. a.Sketch the slope field consistent with the phase plane of y . g—i—' shown below. (8 points)
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b. What would the phase line look like? (7 points)




8. Solve the differential equation exyz—;: = e Y + e72¥7Y by seplaration of variables. (12 points)
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9. Solve the linear differential equation x =
factors. (12 points) S A




10. Verify that the differential equation (x? + 2y?)dx = xydy i
appropriate substitution to make it separable. (8 points)
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11. Rewrite the Bernoulli differential equatnon 3(1 + tz) = 2t y3 — 1) with an approprlate
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12. Use Euler’s method to estimate y(1.5) for the differential eq |

Estimate the value using At =,0.5. Calculate one step by hant
points in Excel. (14 points)
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Step (n)
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1.050555
1.077512
1.111536
1.153765
1.205742
1.269566

m_n=f(t_n,y_n) Delta_t=h y_(n+1)

0
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Choose three initial conditions and draw approximate (qualitdtive) solution curves for those

conditions (backwards and forwards) in time. Be alert for ve : cal asymptotes that might violate

the uniqueness conditions. Each curve should have different fiehavior. (9 points)
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14. Apply the existence and uniqueness theorem to the differenti@l equatlons —

e¥ t(secy)(1 + t?). Determine where a unique solution is giaranteed to e><|st Sketch the

region in the plane. (10 points)
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15. Consider the competition model below.
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How is the system changing at each of the following pairs of iflitial conditions?
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b. x(0) = 4.5,y(0) = 0.5 (5 points) 0()‘ 0{ 5
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c. What is the overall behavior of the system? Write a sentdince or two to describe it. Feel A'L

free to use technology, plot additional points, find how t : b system behaves when a species

disappears, or any place where a derivative is zero, to infdlrm your answer. (12 points)
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