
Math 2250-004   Week 12  April 2-6
continue 10.1-10.3; also cover parts of 10.4-10.5, EP 7.6

Mon Apr 2:  
10.1-10.3  Laplace transform and initial value problems like we studied in Chapter 5

Announcements: 

Warm-up Exercise:



Recall, 
   The Laplace transform is a linear transformation " " that converts piecewise continuous functions 

f t ,  defined for t 0 and with at most exponential growth ( f t CeM t for some values of C and
M), into functions F s  defined by the transformation formula

F s = f t s
0

f t e s t dt .

   Notice that the integral formula for  F s  is only defined for sufficiently large s, and certainly for 
s M, because as soon as s M  the integrand is decaying exponentially, so the improper integral from t

= 0 to  converges.

   The convention is to use lower case letters for the input functions and (the same) capital letters for their 
Laplace transforms, as we did for f t  and F s  above.  Thus if we called the input function x t  then we 
would denote the Laplace transform by X s . 



Exercise 1) (to review)  Use the table entries we computed last Wednesday, to compute
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Laplace transform table



Exercise 2) (to review)  Use Laplace transforms to solve the IVP  for an underdamped, unforced oscillator 
DE.  Compare to Chapter 5 method.

x t 6 x t 34 x t = 0 
x 0 = 3 

x 0 = 1  



Laplace transform tableLaplace transform table

We'll fill in more table entries today.  (Compare to front cover of your text, which contains this information
but maybe more compactly.)
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work down the table ...

3a)  cosh k t s =
s

s2 k2  

3b)  sinh k t s =
k

s2 k2  .



Exercise 4)  Recall we used integration by parts on Wednesday to derive
 g t s = s g t s g 0  .

Use that identity to show 
a)  f t s = s2F s s f 0 f 0  ,
b) f t s = s3F s s2f 0 s f 0 f 0  ,
c)  f n t s = snF s sn 1f 0 sn 2 f 0  ...  f n 1 0 , n  .

d)  
0

t
f  d s =

F s
s

 .

These are the identities that make Laplace transform work so well for initial value problems such as we 
studied in Chapter 5.... with Laplace transforms the "free parameters" when you write down the solution 
x = xP xH    are exactly the initial values for the differential equation, rather than the linear combinations 
coefficients in the general homogeneous solution, so you definitely save a step there, in solving IVPs. 



Exercise 5)  Find 1 1
s s2 4

t  

a)  using the result of 4d.
b)  using partial fractions.

Exercise 6)  Show tn s =
n!

sn 1 , n  , using the results of 4, namely

 f n t s = snF s sn 1f 0 sn 2 f 0  ...  f n 1 0 , n  .


