
 

See 7.2 Transformation of IVP

Thm Laplace transforms of derivatives

fat is differentiable except possibly at finitelymanypoints
and f t is piecewise iontinuous

Let ft be a continuous and piecewise smooth function for t yo
and ft I Meet for some nonnegative constants c M

flt is of exponential order as t as

THEN

a S f'a exists for s c and

b Lff'd sL fCH fro

Computation for part b

ft't If lim e stf G It
a est du f't dtNsa

du se't v fay

fins stfu f f se stfa d

him e fan fro t spig e stfeldt
N as

s L FCA FCO



From Lff'd sL fCH FCO 49.1

we get

Lff m sL f'CH f o

s sL fCH foll f'd
s L fit s fol f'd

CH S LEACH Sfo f'O g 2

We can continue with 3rd 4th n th derivative

Lff in as shLffa S fco Sn f'Col fo o

Ex Previously we computed

L I Fest Ddt

In est de
dt n if s o

f est if sto

I if 5 0

Ex Let fat t

Gq 1 tells us flat s to fro

so I s LET o

I SL t

Et Ia for s o



Ex Compute L t using the fact that 7 s for s o

Ans Let fat t

f t It

f Ct 2 2.1

leg 2 tells us that A 5 to sfo f o

So I 2.17 52 E s lo o

2 L 13 529 23

2 Is 5 t

Left Is for s o

Ex Solve the IVP y y Gy g 407 2 y'd 1

Ans homogeneous

Step I Take Laplace transform of both sides

Linearity off Lf y y Gy L o

Laplace
am

yea YC 6843 0

42 s 6 L yHI Stl yco y'd o

42 s 6 L yHI Stl 2 1 o

12 s 6 L ya 25 3 0

LUCA

Next take inverse Laplace transform but first



Step 2 Write L yet as a sum of partial fraction
Denominator has distinct real roots 3 and 2

Luca s a

Multiply both sides by s 3 sta

25 3 A15 27 BIS 3

25 3 B S t 211 313

4,13 3
A 2 B

26213 313 3 4 513 3 513 7

B A 2

Alternatively evaluate at the roots 2 and 3

Set 5 2 2627 3 4107 1365 7 513 Be

g g

This onlyworks if the roots are all real and distinct

Luca Est
double
check

Step 3 Find yet by computing the inverse transform
of the sum of partial fractions

Recall L eat Ia
yA L 3 7 2

inverse Laplace

If Is pig
by linearity of

transform

est t é't for t 0

Check
Double Chuck that y fest felt satisfies the 1UP
Use Chapter 3 method to arrive at the same solution A



Recall other possible situations for partial fractions
see Recommended textbook problems for more computation examples

Denominator has non real roots Ii 121

we don't need to compute these roots

8 1 44
As É I Polynomials

2
say

Sea Si 7.2 Problem 5
say

Cst D
in textbook

Denominator has non real roots Ii 131

1571 saggy
As

I Polynomials
53 105

say
Sea Se 7.2 Problem 7

say
Cst D

in textbook

Denominator has a repeated root
Degree o polynomials because 0 I 2 are real roots

7 252
56 16 2

As Bett I Sea Si 7.2 Problem 70
in textbookbecause Itis repeated twice

Imultiplility of root o is 2

Ex Use Laplace transforms to solve the IVP

y t 44 sin 3G yo o Y o o

non homogeneous

Ahs
step I Take h of both sides to get YA

y t ay since

a fly 5L yet Syco Y01 from 48.2

5 ya
o s's ya 4 ya fffrom See 7.1 table

15 4 L YH g

L ya
3

159 5 4

Step 2 Write L yet as a sum of partial fraction



Roots of the denominator are 13T 125 each with multiplicity 7

Degree I polynomials
1414 ay say As

B t I

Multiply both sides by the denominator
3 CAs B 5 4 Cst D 5 9

Group by 53 s s 1

3 A53 4As Bst 4B t CS 9est Dst GD

3

415 47
5
414

s t 4E
D

A

p 4 9 0 soo cot4A 91

B D
b

4 D 91 3 50 3 D B F

L 411 1,49 shy Fsg 3554
Step 3 Find yet by computing the inverse transform

of the sum of partial fractions
From Sec 7.7 table L sin at gaz
ya 8 EE Est

IS'f T Ég Iet a

I sin 34 fo sin 24 for t 7,0
Check
Double chuck that yCH satisfies the 1UP
Use Chapter 3 method to arrive at the same solution



Exo

use the formula Lff'd SL fat fro from the

Laplace transforms of derivatives thm to find

the Laplace transform of ff teat

Ans ft Ett 7f eat

etty te't s tent o e

y
It ca sL fCH fro

et 7 L tea s feet o

it s 77 Heft

equal to s 7 L tee
for
577

L tett Eye for s 7

In general



Ex

Ex


