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1. (6 points) Use an integrating factor to solve the linear differential equation 3zy’ + y = 12z.
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. (6 pbints) Use the substitution v = y° to transform the first order equation 3zy2y’ = 3z% + y°
into a linear differential equation. Then find the integrating factor for the linear equation, but do

not proceed any further.
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3. (5 points each) Calculate the following Laplace transforms and inverse Laplace transforms,
following any special instructions given. Make use of the table of formulas whenever possible.

(a) £{f(t)} where f'(t) = sinh(5¢t) and f(0)
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= 4, using the formula for L{f'(¢)}.
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(b) c{ﬂt)} where f(t) = {
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(Hint: write f(¢) using a step function.)
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(c) L{f(t)}, where f(t) is the function shown here:
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(d) £ {tan"1(1/s)}, using the fact that & (tan‘l(l/s)) =
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(f) 1 S i b} where a # b, using the convolution formula. Slmphfy your answer to the point
~ where there is no integration symbol
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(3 points) Use the characteristic equation to find a general solution to 4" + 6y’ + 9y = 0
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4b. (5 points) Given that y = €?® is a solution to y” + 6y’ + 9y = 25e%*, solve the initial value
problem y” + 6y’ + 9y = 2527, y(0) = 2, ¢'(0) = 2.
- 3w o AKX
7/ = "/ ct 7;. /4 + BX& + £
y/&)-:'L’ 2_=/4+) ) A =

2 v 2e™
2 = -;5/-\ %’% ""-Z.

—
—

-3 + & +C

) B=>
[\/ = /1”(1» 3 e v /

(5 points) Find all solutions to the separable differential equation (1 + :1:)—31 = 4y. Be sure to
1nclude any singular solutions.
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6. (6 points) Consider the endpoint problem y” + Ay = 0, y(0) =0, y(n) = 0. Is A =4 an
eigenvalue? If so give an eigenfunction; otherwise say why not.
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7. (6 points) Use the Laplace transform method to solve the following initial value problem. Write
your answer without step functions (i.e. use cases if necessary), and simplify it as much as you can.

"

y' +y=06(-7), y(0)=0, ¢ (0)=1
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Use the power series method to solve the differential equation y' + 4y = 0, as follows.

8a. (4 points) Substitute y = 32, ¢,z" into the equation and find a recurrence relation satisfied
by the coefficients ¢,.
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8b. (4 points) Find ¢, ¢3, ¢3, etc. in terms of ¢y, and write y as a series. Then express the general
solution y using a closed formula (i.e. a formula with no summation symbol

Bonus. (2 points) Find the radius of convergence of the series for the previous problem (and give

justification).
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POWER SERIES

LAPLACE TRANSFORM
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where u(t — a) is 0 when ¢ < a, and 1 when t > a
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