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2. Transform Methods: 4 weeks

3. Series and Complex Variables: 9 weeks

— - __ _ ——

| % Course description and Introduction, 9/14
'1. Ordinary Differential Equations: 4 weeks

» First-order ODEs, Ch. 1: 9/16, 9/21
» Second-order ODEs, Ch. 2: 9/23, 9/28, 9/30, 10/5, 10/7

» Higher-order ODEs, Ch. 3: 10/12

» Systems of ODES, Ch. 4: 10/14
» 1st EXAM, 10/15 (Friday night)

» Laplace Transforms, Ch. 6: 10/19 - 11/11
» 2nd EXAM, 11/12 (Friday night)

» Power Series, Ch. 5: 11/16, 11/18

» Fourier Series, Ch. 11: 11/23, 11/25, 11/30, 12/2
» 3rd EXAM, 12/3 (Friday night)

» PDE by Fourier Series, Ch. 12, 12/7 - 12/22

» 4th EXAM, 12/23 (in Class)
» Taylor and Laurent Series, Ch. 13-16: 12/28, 12/30

» Complex and Residue Integrations, Ch. 16: 1/4 - 1/13
» Sth EXAM, 1/14 (Friday night)
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Solve the leferentlal Eq dlrectly B Nt

‘ Find yn(t) and yp(t)

Solve the Algebralc Eq

AP, t->sj
| Flnd Y(s)

WIth |.V.P.|

. QUIZ: Which way is easier?
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Inteqgral Transform:

"md into another outputtfu s

" by a particular kind of mathematical operator:
|

| t2

‘ F(s)=T(f) = [ Kt s)f(t)dt.

| t1

e The function K(t,s) of two variables, is called the the or

nucleus of the transform.
o There are numerous useful integral transtorms.

e Some kernels have an associated inverse kernel K~ 1(¢, s), which yields an|
 inverse transform:
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Transform Symbol

Fourier transform

f

Hartley transform

H

Mellin transform

M

Two-sided Laplace
transform

B

&

Laplace transform

Weierstrass transform A/
Hankel transform

Abel transform
Hilbert transform Hil
Poisson kernel

Identity transform
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= [~ = = [~} [~ = -

o If f(¢) is a function defined for all ¢ > 0, its

l] asS
|

i
V

F(s)=L(f) = /OOO eSS RFEOAdE

e Here we must assume that f(¢) is such that the integral exists (that is.|
has some finite value).

e This assumption is usually satisfied in applications.
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gLaEIace Transform Inverse 3

e The of F(s) is denoted by

f(t) = LLE(s).

e Any transform and its inverse transform should satisty:

A [Ef ()],
F(s) [ "F(s)).

e Only after the introduction of ”Complex Variables”,
we would learn the inverse Laplace transform, i.e.,

c+100
F(t) = L7(F)(s) = —— / F(s)e

2 R s
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io" | 1s a linear operation, that is

1\

e For any functions f(¢) and g(#) whose transforms exist

then
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L|cosh at| = L[z( e + e_at)].

L|cosh at| = —L[e“t] HE —L[e_at] e

DR

Cleodone L[%(e@'wt ity

‘!

Solution:

. 1 ,
Llcoswit] = =Lle""] -+ —2-£[e_””“’t] =
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lace Transform: common used ;

“M

cosh at

sinh at

" e cos wt
(a positive)

e™ sin wt
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Example 2: f(t) =1t", t > 0,

‘r

Solution: F(s) =
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gLaEIace Transform: Gamma Function E

ﬂa =1 t >0, a positive.
Vi e, I'(a+ 1)

|Solution: F(s) = e

e I' function is an extension of , defined as

e If 2z is a positive integer, z = n, then

I'(n) =(n— 1)
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- = - g - g o i ok - - [~ - . - g - - g - - - - g - . - g - - -

gLaEIace Transtform: polynomial {

W
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ELaEIace Transform: Sinusoidal ;I
S

L|f(t) = cost] = o

1
s24+1

L|f(t) = sint]
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ELaEIace Transtform: Hyper-sinusoidal ;I

L|f(t) = cosht| =

Clfty="smhf =

2010F10H26HEH —



_ - — —_ — _ — —_— _— — —_— _ — — —_— — — — — —

gLaEIace Transform s- Shlftlng {

e If f(#) has the transform F(s),

then

L™ f(t)] = F(s — a),

e or, if we take the inverse on both sides,

2010F10H26HEH —



gLaEIace Transform s-Shifting, Exam;ms 3

L]e® cos wt]

s—a
(s —a)? +w?

F(s—a)=

3s — 137
s2 +2s + 401

ypeE e
(s +1)2 4+ 207
(3 cos 20t — 7sin 20t).
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Iace Tra nSfO 'IM) . Existence and Uniqueness E

..—..M
e f(t) needs not be , but it should not be too bad.

e The technical term is piecewise continuity

o f(t) is piecewise continuous on a finite interval a < t < b where f is
defined, if this interval can be divided into finitely many subintervals in
each of which f is continuous and has finite limits as ¢ approaches either
endpoint of such a subinterval from the interior.
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gLaEIace Transform: Derivatives %

e The transform of first derivative of f satisfies

g

LIF ()] = sLf ()] = f(0).
e The transform of second derivative of f satisfies
LI (®)] = s*LIf ()] — sf(0) = f(0).
e The transform of nth-derivative of f satisfies

LIFM @) = s"LIf@B)] = "7 (0) = s"2f(0) — -
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gLaEIace Transform Derivatives, Example i

o [et

f(t) = coswt.

e Then f(0) =1, f/(0) =0, and f"(t) = —w? cos wt.

e We can derive the Laplace transform of coswt by

LI ()] = s*LIfB)] = s = —w L[f )],

— L|coswt] =
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gLaEIace Transform: Integrals %

o Let F(s) denote the Laplace transform of a function f(¢),
which is precewise continuous for t > 0 and satisfies a growth restriction,
then

g

e For s >0,s>k, and t > 0,
2 1
£l f)drl = FGs).
0

e The inverse Laplace transform has
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{LaEIace Transform Integrals, Exam;Ie1 i

Find the inverse Laplace transform of

1
s(s? + w?)
= 1 sin wt
e
S =Ag W
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{LaEIace Transform Integrals, Exam;IeZ i

Find the inverse Laplace transform of

1
s2(s2 + w?)’
Solution
1 R

£ = —/ 1 — cos dr,
[52(32 T w?) = 0( wr) dT

Sy sin wt

w2 w3
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1. (20%) Calculate the value of I‘(§I . 257 —

2. (20%) Find the Laplace transform of a triangle function, defined as:

t B 15) it s ; Wi |
F( )= ¥ i o T Ao hsiste) (1)
0 . otherwise \

Problem 20 in the [Textbook], at p.p. 227.

3. (20%) Find the Laplace transform by differentiation:

f(t) = sin*t. (2

| Problem 8 in the [ Textbook], at p.p. 232.

4. (20%) Find the Laplace transform by integration:

| F) = == 3)

s3 — 5s

Problem 31 in the [Textbook], at p.p. 233.

5. (20%) Solve the initial value problem by Laplace transform:

Y+ 3y = 4y = 6e2t72, = and s () =5, (4)

Problem 23 in the |
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Lalace Transform: General Formulas ;n

Formula Name, Comments

o0

F(s) = L{f(t)} = f et (1) dt Definition of Transform
0

f(t) = L7HF(s)) Inverse Transform

Flaf(t) + bg(t)} = a{f(H)} + bL{g(t)} Linearity

Flef(0} = F(s — a) s-Shifting

P~UF(s — a)) = Y f(1) (First Shifting Theorem)
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lace Transform: General Formulas ;

*.m-—-—d

Formula Name, Comments

P = sLf) — f(0)
P = s2L(f) — sf(0) — £(0) Differentiation
of Function

Dgg(f(n) S77“$(f) _ S(n—l)f(()) .
. f(n—l)(o)

t |
|
4 { J f(7) dT} = L) Integration of Function
0

t
(f * o)1) = fo (Mgt — 7 dr

¢
= f f(t — ng(r dr Convolution
0

L(f +g) = L E(g)

SIS @y O

SN L
\ - !
.‘7 3'. NS "'Q'_v ; »
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Lalace Transform: General Formulas ;I

Formula Name, Comments

Lf(t —a) u(t — a)} = e “F(s) t-Shifting
$—1{e—asF(S)} = f(t — a) u(t — a) (Second Shifting Theorem)

FLtf()) = —F'(s) Differentiation of Transform

{ F) } f F(5) ds Integration of Transform

6.4
P
f e St (1) dt f Periodic with Period p Project
0 |
16

‘J’\G' ﬁaw "t
, Ay ’9(/4 UN\\\f
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lace Transform: Table Y

W

F(s) = Z{f(n)

|
I3

Y — 1)!
1N 7t

2Nt
t““YT(a)

eat
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lace Transform: Table Y

F(s) = £{f(n}
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lace Transform: Table Y

F(s) = L{f1)}

f(0)

|
s(s? + w?)
|
s2(s% + w?)
|

(s> + )

2 (1 — cos wi)

1

—3 (ot — sin wi)

0
.

By (sin wt — wt cos wi)
0

Ry
(S2 + w2)2

SZ

(s* + &*)
)
(s> + a®)(s% + b?)

(a® # b?)

[
— sin wt
2w

— (sin wt + wf cos wt)
2w

1
ER (cos at — cos bt)
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|

st 4+ 4k
Ky

st 4+ 4k

1
pTES (sin kt cos kt — cos kt sinh k)

1
W sin kt sinh kt




f-space

Given problem

s-space

Subsidiary equation
(s2-1)Y=s+1+ 1/s?

Solution of given problem

y(t)=et+sinht -t

Y

e —

2010F10H26HEH —

Solution of subsidiary equation

1
y=_1
s—l-'-s2




lace Transform: ODE with IVP X

.——M——-—J

e Consider a 2nd-order ODE with the constant coefficients, and a

y' + ay + by = r(t), y(0) = Ko, and ¢'(0) = Kj,

where a and b are constants.
e Now we have a ODE.

e Here r(t) is the given input (driving force) applied to the mechanical or
electrical system.

e y(t) is the output (response to the input) to be obtaned.
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ELaEIace Transtorm: ODE with IVP, cont. %

e Define the Laplace transform Y (s) = L|y(t)], and obtain an algebraic
equation:

g

- 52Y — sy(0) — ¢/ (0)] + a[sY — y(0)] + bY = L[r(t)] = R(s),

= (s +a)y(0) +y'(0) R(s)
s24+as—+b - s24as+b’
= [(s + a)y(0) + ¥/ (0)]Q(s) + R(s)Q(s),

e (J(s) is called the transfer function, which depends neither on r(t)
nor on the initial condition, but only on a and b.

__ L(output)

o If y(0) = y'(0) =0, then Q = % = E Gapat)

e Inversion of Y (s) to obtain _

2010F10H26HEH —




.‘—M

ELaEIace Transform: ODE with IVP, Example X

Yy —y=1, y(0) =1 and ¢'(0)=1.

e The subsidiary equation, with Y = L|y]:

s+ 1 1
= |
(s —1) s%(s?2—1)
1 1 1
b O S G (32—1 32)°

Solution:

2010F10H26HEH —




ELaEIace Transform: ODE wit

j’ v’ Solving a non-homogeneous ODE does not require first solving
'the homogeneous ODE. |

v Initial values are automatically taken care of.

v Complicated inputs r(t) (right sides of linear ODEs) can be
handled very efficiently.

c——— -‘—-—‘~—-—-———‘-———-—M
!Z, Any Disadvantages? X
.—‘-—M
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E Elace Transform: ODE with IVP, shifted Data X

.‘—M

1 1 e
TS s y(ZW) = and y’(ZW) —2—/2.

7, then the original equation becomes

.

Example:;

1

° DeﬁneT:t—4

e The subsidiary equation, with Y (s) = Lly(7)]:

2 /2

Y= |
s?(s2+1) s(s2+1)

1
y(1T) =27 + Sk V2sin T

TSs/2
s2+ 1

|
|

= | y(t) = 2t — sint + cost.
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éLaEIace TranSfOI‘m: Derivatives, Discontinuity E

”M

e The transform of first derivative of f satisfies
L)) = sLIf ()] = f(0).

e The transform of first derivative of f satisfies, but with a discontinuity at
bl

2010F10H26HEH —



ELaEIace Transtform: Unit-Step Function ﬁ

e The unit-step function or is defined as

Nt 0 e =
Ao S

& The unit step function is a typical “engineering function”, for the X
¢ mechanical or electrical driving forces to “off” or “on”.

b

TN S gty

J
.
ol
4
0
e
b
y U
-~
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g

f(t)
5

-5

|

]
T 27

RV,

(A) f(t)=bsint

2

-5

—k

(A) klu(t=1)—2u(t —4) + u(t — 6)]

(B) f@)ut - 2)

2

4_

— mmm— ceem—  rmmm—— rmm— —

A
0 [

O O N B e o e N e e o N
Lalace Transtform: Unit-Step Function, on-off ﬁ

2 T+2 2142

\J

2 4 o6 8 10

(C) f(t=2)u(t -2)

A

0

2

(B) 4 sin Crt)[u(t) — u(t — 2) + u(t —4) — + -]

— —

A
Y :
A
[ ¥ -
:a
” ¥
/78

Fo
L2~

2010F10H26HEH —



— — — —_— _ - — —_ — _ — —_— _— — —_— _ — — —_— — — — — —

gLaEIace T ranstorm: t-Shifting %

e If f(¢) has the Laplace transform F(s) = L[f(t)], then the "shifted func-
tion”

g

for t<a

f(t)zf(t—a)u(t—a)Z{f(t_a) : for t>a

has the transtorm:

LIf(t—a)u(t—a)l =e F(s).

e Or, if we take the inverse,

£ e R =il =0

2010F10H26HEH —
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lace Transform:; t-Shifti

ng, Example] |

2 . for O<t<1
Pl = %tz - CeR e T %7’(’
cost ; for t> %7‘(’
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ELaEIace Transtorm: t-Shifting, example 2 i,

e ————

Example:]

i

{
Y
[
i

Solution:

Fli= % sin[m(t — 1)|u(t — 1) + % sinfm(t — 2)Ju(t = 2) + (£ — 3)e 203y (t — 3).

2010F10H26HEH —



Iace Tl‘anSfOl'm: t-Shifting, Example 3 E

|Example:

t
0.13" + 114 + 100/ i(7)dr
0

E(t) =

{ L0 s A0 e e e el (-2,

0 . for t>2m
[C i(0)=0 and ¢(0)=0.

s

{
Y
[
i

Solution:]

i(t) = —0.2776[e =10t — 6—10(t—27r)] 2Bl A0 6—100t(t—27r)].

2010F10H26HEH —



— —— — —_— _ - — —_ _ _ —_— — _— —_— —_— _ — — — — — — — —

ELaEIace Transform: Dirac’s Delta Function ;

e The impulse function is defined as:

g

- Rl srter e S ek
fk(t_a)_{ 0 . otherwise

e The area of the impulse function is a unit,

IkZ/OO fk(t—a)dtzl.

e As k£ — 0, we have , or the unite impulse function,
S i, S| SAOERR. 2 LA DRt X = %
ot —a) = ;lli% fr(t—a) = { e e but /_OO O(t —a)dt = 1.

*‘The Delta function is not a function in the ordinary sense as
/ used in Calculus, but a so-called generalized function.

1 %
'.‘ - 1
1I‘h“ A’
: !TY-, - .J'
i 4 A
m
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E aEIace Transform: Dirac’s Delta Function i

...-...-—--—--n-...._---.)

e Differentiable:

[

e Sinc function:

® Sequence:

‘u
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E O O & O O O O O O N O O o e O e .
gLaEIace Transform: Delta Function, cont %

e Shifting property of o(t — a):

g

/ e

F=a0.®

e Laplace transform of §(t — a):

e The Laplace transform for fip(t —a) = +|u(t —a) — u(t — a — k)] is,

1
k
p—as _ 6—(a—|—k)s

ks

Lfe(t —a)] =
o As k — 0,

oy, -

— > v -\
S nlSl ¢

-
7 i

F

> 4
4

A

/)

YA

A

1

LI6(t—a)l=e .
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gLaEIace Transform: Delta Function, example 1 i

s —————

|Example:

y'+3y +2y=u(t—1)—u(t—2), y(0)=0 and y'(0)=0.

e Define the Laplace transform Y (s) = L|y(t)], and solve

|

SRS B s S
S
1/2 Tte = 172

1 1 1 1 A PIIL2L)
y(t) = LY ()] = [5 — e~V 4 S 2 Du(e — 1) — [ — =2 4 —e20-2ju (s — 2) AR

2010F10H26HEH —



gLaEIace Transform: Delta Function, example 2 X

..‘_—M

s —————

|Example:

y" + 3y + 2y =0(t — 1), y(0) =0 and ¢'(0)=0.

e transform Y (s) = L[y(t)], and solve

s’Y +3sY +2Y = %,

ical equation to have

1
R |

Yial=

2010F10H26HEH —
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O O O O O O O E o e O O e e W
ELaEIace Transform: Delta Function, example 3 i

e R=200, L =1H, and C = 10~4F:

g

A
G

T R s o(t).

Li’ + Ri
R e 5 s O

vit) = ".,

Network

A\ / 0.15_70.2 ~025 0.

‘\J"'

Voltage on the capacitor

Solution: v(t) = % — 100.5¢ Y% sin 99.5¢.
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SystemS

X Laplace Trans., Ch. 6.1
O Inverse Trans.,
X s-Shifting, Ch. 6.1
X Trans. of Derivatives, Ch. 6.2
X Trans. of Integrals, Ch. 6.2
X t-Shifting, Ch. 6.3

X Unite Step Function, Ch. 6.3 |
ODEs ¢ S sanles X Dirac’s Delta Function, Ch. 6.4 |
e Integral Transform |« 0 Convolution,
% 0O Differentiation of Trans.,
O Integration of Trans.,
O Systems of ODEs,
0 General Formulas,
u 0O Table,
' O Fourier
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1. (25%) Using the Laplace transform to find the current in a RLCF circuit
with

(

| 255sint (V) ; for 0<it<2n
o 0 s Horest s 2w (1)

= )

Problem 47 in the [Textbook]|, at p.p. 241.

AWy,
& Q. %

2. (25%) Solve the 2nd-order non-homogeneous equation:

T L
A »bh\_‘-.‘ -

—
:ﬁ P
-
’;ﬂ b
I \g
Py

y' +3y —4dy=2¢' —879(t—2), y(0)=2 and y'(0)=0.
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3. (50%) Laplace transform of a periodic function:

(a) Find the Laplace transform of a piecewise continuous function f(t)
with period p

ff(t+n=*p)=f"(t), wheren is an integer (3)

(b) Find the Laplace transform of the Half- Wave Rectifier:

20 - for O<t<m
=50 celor R o
_ ff(t+2*xnxm) ; where n is an integer

where k 1s a constant.

You can find a similar Problem in the [Textbook|, at p.p. 248.



i
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Deadline Oct. 28 (this Thursday), 1

' before the class!!
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gLaEIace Transform: Convolution %

o If two functions have the corresponding Laplace transforms, F = L[f ()]
and G = L|g(t)], then

g

H(s) = F(s) - G(s).

e The inverse Laplace transform of H(s) is called the of f and
9,

t

h(t) = L7 [F(s)- G(s)]| = f*g(t) = | f(t)g(t—7)dr.

0

2010F10H26HEH —



ELaEIace Transform: Convolution, examptes i

\Example 1: H(s) =

s ———

Solution: | :
el s e e e / i dr e T

5 a

1

H —
© (52 + w?)2

sinwt  sin wt 1 sin wt
ht) = e :2w2[ t cos wt = ]

2010F10H26HEH —




i E E EH E E E E O E = O O E = OE O OE OB OE OE OB B = om
gLaEIace Transform: Convolution, exampte 2 %

e In general, f x1 # f. For example

g

t
|

t>|<1:/ Foldre i 2ty
0 2

e Also, f x f > 0 may not hold. For example,

sint xsint = ——tcost + —sint.
2 2

2010F10H26HEH —



ELaEIace Transform: Convolution, Example 3 i
In an undamped mass-spring system, resonance occurs if the frequency of
the driving force equals the natural frequency of the system.

y" + wiy = K sinw,t, with y(0) =0 and ¢'(0)=0.

e Define the Laplace transform Y (s) = L|y(¢)], and solve

Kwo
$2 4+ wi

s’y + ng s

e Solve the algebraical equation to have

m-gw———m
Z The first term grows without bound.

ﬂ Solution: y(t) — 92 [ wol cos wot + sin wot]. )
e 0
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ELaEIace JTransform: Non-homogeneous ODE&

e Consider a non-homogeneous linear ODE with constant coefficients:

g

Y’ +ay + by = (7).

e By Laplace transform, Y (s) = L[y(t)], we have

Y(s) = [(s + a)y(0) + y (0)]Q(s) + R(s)Q(s)-

where Q(s) = 82+i8+b and R(s) = L[r(t)].

e If y(0) = 0 and y/'(0) = 0, then Y (s) = R(s)Q(s), and the convolution
theorem gives the solution,

oy, -

— > v -\
S nlSl ¢

-
7 i

F

> 4
4

A

/)

YA

A

1
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ELaEIace TranSform:NOn-homOQGHEOUS,ExémpIe;I

"

Example]

e Determine the of the damped mass-spring system:

B T A e T A

/! 4 Lt Ly
Yy 4+ 3y + 2y = r(t), where 7(t) = { o e

with the initial conditions y(0) = ¢’(0) = 0.
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ELaEIace TranSform:NOn-hOmOQEHEOUS,ExampIe;

*“m-——d

Al e (0] L A £
e f];[e_(t_T) e 2 e e op e )
g [~ UET) el A e
(0 Eer <
_ ] 11 L2 e
| e D) 13- oml) 4 1201 . for ¢ 9
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ELaEIace Transtform: Integral Equations El

ﬁExa — Pl i‘ e Solve the A T

M

y(t) — /0 y(7)sin(t — 7)dr = t.

S S

Solution:

e The solution is

e and gives the answer
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é LaEIace Tl’a nSfO 'I'T): Differentiation and Integration | E

o If the Laplace transform for f(¢) is defined as F'(s) = L[f(t)] = [, e 5 f(¢) dt,
then

Fl(s) = — /O oSt (e dt.

e Differentiation of Transforms:

LEF() = —F'(s), or L MF]=—tf(t).

e Integration of Transforms:
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ﬂ Example ;

]f

e Iry to find the Laplace transform of

t sin Ot and
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ELaEIace Transform: Integration, exampte 1

w2

Find the inverse Laplace transform of ln'(l = _2) .
S

Example]

e Denote that the give transform by F(s), and its derivative is

25 28
/ e
R s2 42 §2°

e Taking the inverse Laplace transform, we obtain

T e O T AR

£(t) = A ;:oswt).
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ELaEIace Transform: ODEs with Variable c'oefi

.‘—M—-——Q)

Laguerre s ODE: ty/ 4+ (1—-t)y +ny=0. withn=20,1,2,...

e In the Sdomam we have
e
(s —s )d—Y+(n+1 —s)Y (s) =0.
S

e By separating variables, one solve Y (s)

V() = S

1 S o AR e 3
=il Y= et ’
[ (5)] { Z' c?tn (tn —t) : for n = 17 2’ P
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Iace Tl’anSfOI’m: Systems of ODES, Example'l E

‘W

6 gal/min

2 gal/min Salt content in 7',

50 H_—— Salt content in T1

R

Example: Bl S L
SES 8 2
e A T

with the initial conditions y;(0) = 0 and y(0) = 150.
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ELaEIace Transtform: Systems of ODEs, example & 1

‘-—-‘M——-——d
e Define the corresponding Laplace transtorms, and the subsidiary system
becomes
§
(—0.08 — s)Y; +0.02Y5 = ——,
S

0.08Y7 4+ (—0.08 — s)Y5 = —150.

e Solve the algebraical equations for Y7 and Y5 to get

;100 625 375
s s+012 s+0.04°

S et 100 125 75
|Solution:} 2= =7+ s~ Tgon

e Take the inverse Laplace transform,

y1(t) = 100 — 62.5¢ """ — 37.5e ",
y2(t) = 100 + 125¢ 2128 — 75¢79-94¢,
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ELaEIace Transtform: Systems of ODEs, example zﬁ

Find the currents i1 (¢) and 75(t) in the electrical network, with v(¢) = 100
volts if 0 <t < 0.5 sec and 0 thereafter, and #(0) = i’(0) = 0.

g

S

|Example:

1 1.5 2
Currents

Network

0.8¢% + 1 (41 — 42) + 1.43; = 100[1 — u(t — =)],
14541 (G —41)=0
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ELaEIace Transtform: Systems of ODEs, example 3

e Define the corresponding Laplace transforms, and the subsidiary system
becomes

6—8/2

1
(S S 3)[1 =% 125[2 — 125(— ==

S S )
—I1 + (8 -+ 1)[2 == ()

e Solve the algebraical equations for I; and I to get

125(s + 1 o
11: g )7 (1_6 /2)7
SlesEs L

125

s(s+2)(s+ 1)

Il — (1—6_8/2).
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ELaEIace Transtform: Systems of ODEs, example zi

oForOStg%

g 500
i (t) 3 © o1 7
250 250 500
S e e
ia(t) S L o 7

OFOI't>%

v 625 e
i1(t) = ———(1—e/Me "2 — ——(1—e"/M)e /2, JEeeay

3 21 p |
250 250 i /
off) = ——5-(1 - e+ 50 (1 - ehe .
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Lap lace Transform: Table Y

F(s) = L{f()} f()

1
F (sinh kt — sin kt)

|
2 (cosh kt — cos ki)

1 (ebt . eat)
2V 3

V (@02 (a — b t)
Vs+aVs+ b 2
|

2 +

Jolat)

\/l_t e (1 + 2ar)
Tt

Vo ( t
I'tk) \ 2a

k—1/2
) Iy _q/0(at)

u(t — a)
o(t — a)
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lace Transform: Table Y

F(s) = L{f(1)}

1
— e Jo(2Vki)

A)

|
—k/s cos 2V kt

|
eFs sinh 2Vkt
\ 1k

e—k\/g (k > O) k e—k2/4t

1
— = €

Vs Vot
|

3/2

A)

—Int— vy (y= 0.5772)
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lace Transform: Table Y

F(s) = £{f}

O ? |
In
s — b

s2 4+ w?

(1 — cos wi)

(1 — cosh ar)

sin wt

— arccot s
\)

57 w\S1 %

sSSSENTY,
\ - !
.‘7 3 Y e »
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