
July 20 Math 2306 sec 52 Summer 2016

Section 16: Laplace Transforms of Derivatives and IVPs

For y = y(t) defined on [0,∞) having derivatives y ′, y ′′ and so forth, if

L {y(t)} = Y (s),

then

L

{
dy
dt

}
= sY (s)− y(0),

L

{
d2y
dt2

}
= s2Y (s)− sy(0)− y ′(0),

...

L

{
dny
dtn

}
= snY (s)− sn−1y(0)− sn−2y ′(0)− · · · − y (n−1)(0).
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Solving an IVP with Laplace Transforms

We’ll solve the constant coefficient IVP ay ′′ + by ′ + cy = g(t) subject
to y(0) = y0, y ′(0) = y1 by

I taking the Laplace transform of both sides of the ODE using
properties and the table;

I inserting the initial conditions, and solving algebraically for
Y (s) = L {y(t)};

I expanding Y (s) if needed with a partial fraction decomposition;
and

I using the table to find y(t) = L −1{Y (s)}.
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Solve the IVP
An LR-series circuit has inductance L = 1h, resistance R = 10Ω, and
applied force E(t) whose graph is given below. If the initial current
i(0) = 0, find the current i(t) in the circuit.
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LR Circuit Example
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Solve the IVP using the Laplace Transform

y ′′+2y ′+2y = 2t , y(0) = 2, y ′(0) = −7
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Semester Review

Solve the IVP using any applicable method. y ′ + 2y = xe−x , y(0) = 3
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For each nonhomogeneous equation, determine whether the method
of undetermined coefficients could be used to find a particular solution.

(a) y ′′+2xy ′+x2y = cos(2x)

(b) y ′′+2y ′+y = x2ex

July 19, 2016 37 / 57



For each nonhomogeneous equation, determine whether the method
of undetermined coefficients could be used to find a particular solution.

(c) y ′′+2y ′+y =
ex

x2

(d) x2y ′′−4xy ′+6y = −x2
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A 200 gallon aquarium is full of water into which 10 lbs of salt is
dissolved. Brine containing 1 lb/gal of salt is pumped in at a rate of 5
gallons per minute, and the well mixed solution is pumped out at the
slower rate of 4 gallons per minute. Determine the number of pounds
of salt A(t) in the tank at time t in minutes, and indicated the interval
over which the solution is valid.
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