Math 240 - Test 1 Name
February 8, 2024 Score

Show all work to receive full credit. Supply explanations where necessary. Give explicit
solutions when possible. All integration must be done by hand (showing work), unless
otherwise specified.

1. (10 points) State whether each equation is ordinary or partial, linear or nonlinear, and
give its order. Also state which variable is the dependent variable.
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2. (4 points) Verify that 22 + y*> — 62 + 10y + 34 = 0 is a solution of d_y = +:;
r Yy

solution explicit or implicit?



3. (10 points) An object is moving along the z-axis in such a way that its velocity is
proportional to the product of its z-coordinate and the elapsed time, t:

dx
dt
Suppose that 2(0) = 54 and z(1) = 36. Find z(2).

= kxt, where k is some constant.

4. (12 points) Analyze each initial value problem to determine which one of these applies.

(A) A solution exists, but it is not guaranteed to be unique.
(B) There is a unique solution.

(C) A solution is not guaranteed to exist.

Be sure to show work or explain.

() v = a7, (1) =0
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(c) ¥ +xlyl =22 y(2)=0



5. (10 points) Consider the initial value problem (IVP)

dx xsec?y
—=——"— y(m)=7/4
dy  sin2x —tany

Rewrite the equation in differential form, show that it is exact, and then solve the IVP.

6. (10 points) Solve: 3y —y = zy?.
(Note: In the process of solving this problem, you will probably need to use the fact

that | ze®dx = ze® —e” + C. If you use this fact without showing how to obtain it,

you will lose two points.)



7. (10 points) Consider the differential equation — = —————. A portion of its slope
dr  x%+ 492
field is shown below.
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(a) What is the slope of the solution curve passing through (0,1/2)?

(b) Argue that any solution curve through (0,0) must have a vertical tangent line at
that point.

(c) Sketch the approximate solution curve through passing through (—1/2,0) and use
your curve to estimate y(0).

(d) Is there any point at which a solution curve would be horizontal (i.e., have a
horizontal tangent line)?



8. (14 points) Consider the initial value problem zy’ = 3y + z%e®, y(1) = 0.

(a) Use Euler’s method with h = 0.1 to estimate y(1.2).

(b) Find the exact solution of the IVP.

(¢) Use your exact solution to compute y(1.2) and compare it to your approximation
in part (a).



Intentionally blank.



The following problems are due February 13. You must work on your own.

9. (6 points) The following nonlinear equation can be solved by using an approach that is
nearly identical to the approach we use for Bernoulli equations. Solve the initial value
problem.
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10. (6 points) Solve the initial value problem.

dy 'y |y
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11. (8 points) On a cool day, an outdoor pool is being heated. The water temperature, T,
at time ¢ (in minutes) satisfies

dr 15
E - %CI_OO - T) + 00045(62 - T)7 T(O) - 620 F
drT
(a) Show that the equation has the form ik bT for the appropriate choice of

positive constants a and b.

T
(b) Solve the IVP: Ccll_t =a—b0T, T(0) = 62.

(Just leave everything in terms of a and b.)

(c) Substitute the values for a and b into your solution. Then compute the equilibrium
temperature: 1tlirn T(t).
—00



