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Table of Elementary Laplace Transforms

f(t) = L�1{F (s)} F (s) = L{f(t)}

1. 1
1

s
, s > 0

2. eat
1

s� a
, s > a

3. tn, n = positive integer
n!

sn+1
, s > 0

4. tp, p > �1
�(p+ 1)

sp+1
, s > 0

5. sin(at)
a

s2 + a2
, s > 0

6. cos(at)
s

s2 + a2
, s > 0

7. sinh(at)
a

s2 � a2
, s > |a|

8. cosh(at)
s

s2 � a2
, s > |a|

9. eat sin(bt)
b

(s� a)2 + b2
, s > a

10. eat cos(bt)
s� a

(s� a)2 + b2
, s > a

11. tneat, n = positive integer
n!

(s� a)n+1
, s > a

12. uc(t)
e�cs

s
, s > 0

13. uc(t)f(t� c) e�csF (s)

14. ectf(t) F (s� c)

15. f(ct)
1

c
F
⇣s
c

⌘

16.

Z t

0
f(t� ⌧)g(⌧) d⌧ F (s)G(s)

17. �(t� c) e�cs

18. f (n)(t) snF (s)� sn�1f(0)� · · ·� f (n�1)(0)

19. (�t)nf(t) F (n)(s)
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In all the Di↵erential Equations y means y(t), and dy
dt means dy(t)

dt .

Question 1[20 points] Find the INVERSE LAPLACE TRANSFORM of the following
function:

g(s) =
1

(s2 + 1)(s+ 2)(s+ 3)
+

e�s

(s2 + 4)(s+ 2)
.

Hint: Use the Formula of Laplace Transform Convolution, see the 16th formula
in the table.
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Question 2[20 points] Using the METHOD OF THE UNDETERMINED COEFFI-
CIENTS find ONE particular solution of the following ODE

d2y

dt2
� 5

dy(t)

dt
+ 6y(t) = e2t + t.

Hint: e2t is a solution of the HOMOGENEOUS EQUATION, � = 2 is a single
root..
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Question 3[20 points] Consider the following ODE:

dy(t)

dt
= y2 � 3y + 2.

(a) Classify the ODE above in Liner/Nonlinear.

(b) Is the ODE above autonomous?

(c) Find all the Critical/Equilibrium points of the ODE above.

(d) Classify the Stability of the Equilibrium solution of this ODE.
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Question 4 [20 points] Find ONLY THE LAPLACE TRANSFORM of the solution
of the following ODE:

(
d4y
dt4 + 2d2y

dt2 + 25y = et cos (t),

y(0) = 0, y
0
(0) = 0, y

00
(0) = 1, d3y(0)

dt3 = 2.

I AM JUST ASKING THE LAPLACE TRANSFORM OF y(t).
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Question 5 [20 points] Consider the following ODE:

d

dt


x1(t)
x2(t)

�
=


3 �4
1 �1

� 
x1(t)
x2(t)

�
+


0
1

�
. (1)

(a) Find the eigenvalues of the Real matrix 2x2 in (1).(it might be repeated.)

(b) Find the Critical Point/ equilibrium point of the ODE (1).

(c) Classify the stability of the Critical Point of the ODE (1).

(d) Find the eigenvector and one GENERALIZED EIGENVECTOR.

(e) Find all the solutions of ODE (1).
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C Classify the stability of critize pt

eigenvalue I I unstablenod

X X2 Real

X I 30 unstable

X 20 7270 saddle pt

7 X 20 stablept

d 17171 I

1 171 7 187

22 49 0

IflZy 4g
y Zy

1 1711717 a.am

Zy 442 2

4 282 1 jizya

fi
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Question 6 [10 points] Solve the following Initial Value:

8
>>>><

>>>>:

d
dt

"
x1(t)

x2(t)

#
=

"
0 2

�2 0

#"
x1(t)

x2(t)

#
,

"
x1(0)

x2(0)

#
=

"
0

2

# .

Hint: The eigenvalues are Complex.
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Question 7 [10 points] Consider the following Nonlinear ODE system

d

dt


x1(t)
x2(t)

�
=


2x1(t) + x2(t)
2x2(t) + x1(t)2

�
(2)

(a) Find all the critical points.

(b) Find the almost linear ODE representation for (2) in the neighborhood of the critical
point (x1, x2) = (0, 0).I only want the LINEAR PART, you can denote the
remainder function by g(t, x2, x2).

(c) Classify the Stability for all the Critical Points.
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Question 8 [10 points] Consider the following Initial Value Problem:

(
dy(t)
dt = 4y(t)2 + t,

y(0) = 1.
(3)

For the STEP SIZE � = 0.5, find the value of the approximate solution yap of (3) on
t = 1.5 using THE EULER’s METHOD.
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