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What is the Laplace
Transform?

Laplace Transform is a mathematical technique that converts a
function from the time domain into the frequency domain. In
the time domain, functions are usually expressed in terms of t
(time), while in the frequency domain they are represented
using the variable s. By applying this transformation, problems
that involve differentiation and integration can often be
simplified into algebraic equations, which are much easier to
solve.

o0 —st

F(s) = L{f (t)} = / e f(t)dt

0

~

/ frequency

/




Definition of :
Laplace Transforms

The Laplace Transform of a function is defined as:

—st

F(s) = L{f ()} = / e f(t)dt
0

where:
o f(t) is the original function (in time domain)
e F(s) is the transformed function (in frequency domain)

Solving a Laplace Transform in the form of using the definition of
Laplace Transform, we need to solve the equation .

- Engineers and scientists

@ g‘-‘}i +E‘ often use Laplace
bt '_

Transform in fields such
as electrical circuits,
control systems,
ﬁ vibrations, and signal

| processing.
\];



Definition of Laplace Transform

[ Example 1 ]

By using the definition F(s) = fDm e Stf(t)dt, find Laplace Transform for f(t) = 3.

‘ f(t) = 3 (constant)

F(s) = f e f()dt
0

o0
- Bring 3 to the front
= e3)dt — ’
fn ( )/ then integrate the e ~5¢.

= 3f e~Stdt
0

3e~st i
-,

[ Example 2 ]

By using the definition F(s) = IO"" e~Stf(t)dt, find Laplace Transform for f(¢t) = %

f(t) = % (constant)

F(s) = fme‘“f(t)dr
0

o =
= f e~st (%))dt Bring ; to the front,
’ N

5 [ / then integrate the e ~5¢.
= —f e~Stdt
0




Definition of Laplace Transform

[ Example 3 ]

By using the definition F(s) = fﬂm e~Stf(t)dt, find Laplace Transform for f(t) = e?".

SOLUTION:
F(s)= | e=tf(t)d
@)_Le F(O)dt

o0
:f e (LT
0 __ Factorize the power:

o0
:f E-St+2tﬁlt/ —St+2t:—(5—2)t
0

o0
- [(ema
0
[ p—(s=2)t =

I ]
o=(s=2)0  ,=(s-2)0

—(s—=2) —(s-2)
- 0

[.4)

. e _ e
C—(s=2) —-(s-2)
= (- 1
T =(s=2)

1

“ -2



Definition of Laplace Transform

[ Example 4 ]

By using the definition F(s) = j"mCm e~ f(t)dt, find Laplace Transform for f(t) = 2t.

SOLUTION:

f(t) = t (algebraic function) Use integration by parts to integrate:
00 u =2t dp= gt
- —st
F(S) == f € f(t)dt — ﬁ = 2,du = 2dt fd'v = fe'“
0 / dt
oo e—st
=f e_sr{zt)dt du = 2dt v = =
0
[
= uv — f v du
0

15 w =5
=(2r:)(e S)—f " 2at

= =

[ 2te~St 22'“]00
P

_ s = "
" '_ 2(w)e™™ 2e7"| [ 2(0)e® B 2¢°
b s s s s

Time Domain FT Frequency Domain

5(t) Sw)



T '

1. Find the Laplace Transform for the following functions using the definition of Laplace

Transform.

a) fO=p Answer: F(s) = %

b) f(t) =5n Answer: F(s) = Ss—n

o f@®)= % Answer: F(s) = %

dy JFlE) =™ Answer: F(s) = ﬁ

e) f(t)= PTH Answer: F(s) = 2[51_3) I
f) f(t) =4e™>" Answer: F(s) = 3::—5

g f() =; Answer: F(s) = %

To find out your level of
understanding, let's take a

POP QUIZ DEFINITION OF

LAPLACE TRANSFORM




Laplace Transforms using table

To find the Laplace Transform, we can also use the table of
Laplace Transform as follows:

LAPLACE TRANSFORM
No. f(t) F(s) No. f(t) F(s)
a b )
1. a s 13. e~ sin wt s+ a2 +w?
a s+a
2. at — 14. e~ cos wt -
52 (s +a)?+aw?
n! : w
3. i 15. sinh wt —
S}1+1 5'2 . wz
1 s
4, gat 16. cosh wt
s—a S5t
5 g—at 1 17. et sinh wt N
s+a (5 —i1)%—0?
1 w
6. te—at 18. e~ gsinh wt T
(s + ) L0 — W
n! st+a
7. | t".e® n=123.. —_— 19. e—%t cosh wt e s
(s—g)™il (s +a)2—w?
dn
8. ™ f(t) (—1)n = [F(s)] 20 fi(t)+ f2(t) Fi(s) + Fy(s)
t
. W F(s)
g, sin wt —_— 21. wdu ks
52 4+ w? Lﬂ' ) s
10. cos wt l 22 | f(t —a)u(t —a) e %F(s)
s2-Lnt
» o ) 2¢uS )z Firsdt derivative
: gin w I ——— : y
(5% 1 w?)? DAL sY(s) — y(0)
2 .2 Second derivative
12 t cos wt S 24, d?y . . .
(52 + w?)2 227V (®) s2¥(s) — sy(0) — y(0)

Video How to use
Laplace Transform table




Laplace Transform using table

[ Example 5 ]

Find the Laplace Transform of the following functions by using the table of Laplace

Transform :
a) f(t) =2 c) f(t) = sin3t
b) f(t) = e* d) f(t) = 2t?
SOLUTION:
A =3 Using table no. 1
Fs)=1L g} - F(5) = a,50 F(s) =
0) £ (£) = e

Using table no. 4 :
F(s)=L{e*} ——

1

f(t) =e™, s0F(s) =—

_ s-a
T s4
c) f(t) =sin3t Using table no. 9
F(S) = L{Slll Bt} fl:t) = sinwt, so F(s) :;ﬁ

3

T s2-32

_ 3

s2—9

Using table no. 3 :

d) f(t) = 2t?
F(s)=L{2t*} —

-2(2)

n!
SFI+].

f(t) =t", soF(s) =

4
53



// LET'S PRACTISE!

Find the Laplace Transform for the following functions using the table of Laplace

Transform.

a) f(®)=p Answer: F(s) =§

b) f(t) =5n Answer: F(s) = 2

9 f@©)=32 Answer: F(s) = -

d) f(t) = e 6t Answer: F(s) = ﬁ
e) f(o) = ETH e U 2(31—3)
f) f(t) =4e=5t Answer: F(s) = —
8 f@)=: Answer: F(s) = =
h) f(t) = cos8t Answer: F(s) = Szjm
) f(£) = 3sin2t Answer: F(s) = =
) f@) =363 Answer: F(s) = =

POP QuI>

To find out your level of
understanding, let's take a

pop quiz

POP QUIZ TABLE OF
@ LAPLACE TRANSFORM



Applying Laplace Transforms
Properties :

THEOREM 1
‘- Linearity of Laplace Transforms

THEOREM 2
First Shifting

THEOREM 3
Multiplication by t"

THEOREM 1 !J L

Allowing constants to be ¢ - -

factored out and sums to be
transformed individually
THEOREM 2

Question must have:
L{e®f(t)} or L{e™%f(t)}
THEOREM 3

Question must have:

Q L{f(O)t™} or L{t"f(t)}

3




Linearity of
Laplace Transforms

Linearity of Laplace Transforms is a property that states the
transform of a linear combination of functions is equal to the
linear combination of their individual transforms, present as:

4

Liaf (1) + be(0)} = aL{f (1) }+ bLig(1)}

.

\—

y

and are constants

This property can be easily extended to more than two
functions as shown from the above proof. With the linearity

property, Laplace transform can also be called the linear
operator.

S



Linearitl&.aplace Transform

[ owre ]

Find the Laplace transforms of the following functions by using the table of Laplace transform

below:

a) f(t)=cos3t—e 2t
b) f(t) =6+ 2t> —sinh 7t

a) f(t) =cos3t—e %t
F(s) = L{cos 3t} — L{e

F(s) =

s 1
s2+432  s+2
s 1
5249 542

=

{ b) f(t) =6+ 2t5 —sinh 7t
F(s) = L{6} + 2L{t°} — L{sinh 7t}

F(s) = E +2 {355‘:'1} 5272

6

S

7

240 7

56 s2-49

—Zt} /

Look at each term separately and try
to find a Laplace transform by using
the table of Laplace Transform for
cos3t and e3¢

1
- Refer F5: ——
s+a
Refer F10 -
efer i
s2+w?

- Look at each term separately
and try to find a Laplace
transform by using the table of
Laplace Transform for 6, 2t° and
sinh 7t

- Allowing constant to be factored
out for 2¢°.

a
Refer F1: —
s

n!
gNn+1

Refer F3:

Refer F15: S

"""" a~T AT =



Linearity of Laplace Transform

EXAMPLE 7

Apply the Linearity Theorem to find the Laplace Transforms of the following functions:

i. f(t)=3sinv2t—e? cosh8t
i f(0) = ﬁ + t%e* — 8t
iii. f(t) =t(12t — 2t3)

i. f(t) =3sinv2t —e3* cosh 8t
F(s) = 3L{sin \Et} — L{e3" cosh 8t}

Fs) = 3{52:(;_35]2}

_ 32z  s-3
T 5242 (5-3)2-64

A

s-3
(s-3)2-82

- Look at each term separately and
try to find a Laplace transform by
using the table of Laplace Transform

for sin /2t and 3 cosh 8t

- Allowing constant to be factored out
for 3 siny2t

Refer F9 e
erer o G}
52+ w?
s—a
Refer F19: G-a)—w?
convertto s — a since 3 :(a+)

f@®

i. f(O)= ﬁ +t2e* — 8t
f(t) = 2e %" +t%e* — 8t
F(s) = 2L{e %} + L{t%e**} — L{8t}

1 2! 8
F(s)=2 {s+6} T (s—4)2+1 s .
__2 z2 _ 3
T s46  (s-4)3  s2

Before solving, we
must convert

>,
2 —6t
= into 2,

- Look at each term separately and
try to find a Laplace transform by
using the table of Laplace
Transform for 2e =% , t?e** and 8t

- Allowing constant to be factored out

for 2e~¢

1
Refer F5: ——
s+a

n!

Refer F7: —————
( G a)n+ 1

a
Refer F2: =
S




Lineari

CONTINUE...

iii. f(t) =t(12t —2t3)
F(t) = 12¢2 = 2¢*
F(s) = 12L{t*} — 2L{t*}

F(s) = 12{35} - 2 {zm

24 48

s3 s5

time domain
(t-domain)

Solution in time

domain

}

Very hard,
sometimes
impossible with
conventional
solution methods

place Transform

—

Before solving, we
need to expand the
equation

Laplace transform

- Look at each term separately and
try to find a Laplace transform by
using the table of Laplace Transform
for 12¢t? and 2t*

- Allowing constants to be factored out
for 12t% and 2t*

n!

Refer F3:

STI.+ 1

Problem in

transform

Inverse Laplace

Laplace domain
(s-domain)

Uswally selved with
simple algebra

Solution in

BASIC WORKFLOW FOR SOLVING PROBLEMS WITH LAPLACE TRANSFORMS (TIM ANDERSON, 1994)

s-domain




// LET'S PRACTISE!

1. Find the Laplace Transform for the following linearity functions using the table of Laplace

Transforms.
a) fM=-9+e3+1¢° Answer:-—g+$+7§
b} f(t) = 2sin 6t — 3cos 5t Answer: c,-zi.zqﬁ + quszq
C} f(t) = 7t + COSh 3t e 5625 Answer:i -+ s - i
52 529  s5-2
) 6s
d) f(t) =e "cos8t —tsin3t Answer: GiDi—ea (2197

2. Solve the Laplace Transform for the following functions using the table of Laplace

Transforms.
i. f(t) =5te? +5t3+ ﬁ Answer: (5_52)2 + i—f :19
ii. f(t) =cos3t+tcos7t ARSWER: 5219 + (5522:;2
ii. f(t)=3t(1+t+t2) Answer: s% + s% + g
iv. f(t) = "%t + 10 — 5e** sinh V3 ¢t Answer: 6(514_?) ? - %

POP Quj=

To find out your level of
understanding, let's take a

POP QUIZ LINEARITY



' First Shifting

We know that /(7) is a function and L{/ (1)} = F(s)
a is a constant. The first shifting theorem states that:

The notation F (s — a) and F(s + a) can be found when
we replace (s — a) or (s + a) in the F(s) function.

HOWTO *OLVE FIRST SHIFTING

STEP 1

Determine /(/) and a, where : ( L{Eutf(t)} )

f(#)= all term except ¢t or e~

a = refer to power of p@t or g—at ( L{e™%f(t)} )

STEP 2
Find /(7) by using Table of Laplace Transform

STEP 3

Replace s with (s —a) or (s + a) based on the answer
in STEP 2



First Shifting

[ owwes ]

Find the following Laplace transform by using the first shifting theorem:

a) L{—2e°"}
by L{t3e="t]}
c) L{2e3 sin 6t}

a) L{—2e5%) I A
step1:  f(t) =—2, a = 5t (refer to e>)

STEP 2:  Find f(t) = —2 by using Table of Laplace Transform

L{-2} = —Tz

a
=2 Refer F1: —

S

STEP 3: Replace s with s — 5 based on the answerin STEP2 — a = 5t

L{—2e%} = p—



First Shifting

| conmue.. ]

b) L{t3e~7t}

step1:  f(®)=t3, a= -7t (refertoe”")
STEP 2:  Find f(t) = t3 by using Table of Laplace Transform

Lit® } = 5!

S3+l

6
T st

n!

3 .
t Refer F3: Gt

STEP 3: Replace s with s + 7 based on the answer inSTEP2 — a = —7t

6
Lte™} = iy

c) L{2e3'sin6t}

step1:  f(t) =2sin6t , a = 3¢ (refer to ')
STEP 2:  Find f(t) = 2sin 6t by using Table of Laplace Transform
LiZsinét} = 2
(2sin 6t} = 2{——]

12
"~ s2+36 I

2sin 6t

STEP 3: Replace s with s — 3 based on the answer inSTEP 2 — a = 3t

12
L{2¢% sin 6t} =
e sinGty = o 1 56




First Shifting

B

By using the first shifting theorem, find the following Laplace transform:

t
a) L{3t%ez}
b) L{e~3' cosh 8t}

a) L{3te7)

t
STEP1: [f(t)=3t*, a =§ - %t (refer to e2) .
STEP 2:  Find f(t) = 3t* by using Table of Laplace Transform
41
47
L{3t4} = 3{34“]

72
TS5

n!

15l Refer F3: e

STEP3:  Replace s with s — % based on the answer in STEP2 — a = %t
4 12
et} = 2

6D



First Shifting

CONTINUE... ]

b) L{e~3" cosh 8t}

step1: S (t) = cosh8t , a = —3t (refer to e~)
STEP 2:  Find f(t) = cosh 8t by using Table of Laplace Transform
L{cosh 8t} =

32_82
5

- 52— 64

S

e 2

Refer F16:
cosh 8t ——

STEP 3: Replace s with s + 3 based on the answerin STEP2 — a = —3t
s+3

(s+3)>—64

L{e™ 3" cosh 8t} =



[ i

Find the following Laplace transforms using the first shifting theorem:

A 32
a. L{32¢7 %) NSWer- 1
b. L{e °¢sinh 5t} Answer: (s4+9)2—25
2.6 —5t Answer: 259
L{Et e 7'} (s+5)7
6(s—2)
A —
L{6e? cos/3t} Aswer: =223
6f.2 Answer: *
L{2e®t=} (s—6)3
s+7
cosh9te™ 7t Answer: (s+7)2—81

POP QuI>

To find out your level of
understanding, let's take a

pop quiz

=l

-.I._

POP QUIZ First

Shifting Theorem



' Multiplication by t" \/

The Multiplication by t" states that the Laplace Transform of t
multiplied by a function /(1) is equal to the negative derivative
of the Laplace Transform of /(/) with respect to s.

:L{t"f(t')} = (—D" j? EF(s) i wheren=1,2,3,...

How to Solve
Multiplication by t'

STEP 1

Determine /() and n, where : ( L{f(t)tn} )

f(7)= all term except t

n = refer to power of t
(Lo )

STEP 2
Find /(7) by using Table of Laplace Transform

STEP 3

Solve the equation by using Table of Laplace Transform (F8)
use : 11 from STEP 1
F(S) from STEP 2



Multiplication by t"

[ oweo ]

Find the following Laplace transform by using the multiplication by t" theorem:

a) L{10t}
b) L{3te 3%}
c) L{t%e’'}

a) L{10t}

STEP 1 f(t) =10, n=1 (referto t)
STEP2:  Find f(t) = 10 by using Table of Laplace Transform

L{10} = 19
v 10 Refer F1: —

wd

STEP 3:  Solve the equation by using F8: n from STEP 1, F(s) from STEP 2

B 0" L [F(s)]

f.i.‘;'”

d! 110
L{10t} = (-1)* = [?] Differentiate F(S) once

™ d -1
= (=1) 5 [10s7]
= (1) (—-1)10s2

= 10s~2

10
T s



Multiplication by t" J
[ CONTINUE.... ]

b) L{3te~3'}

sTep1: [ () =3e73" , n=1(refertot)
STEP2:  Find f(t) = 3e~3" by using Table of Laplace Transform

1
=3t —
Li3e™"}=3 s+ 3} 1
3 el  Refer F5: ——

~F(s) = s+a

s+ 3

STEP 3:  Solve the equation by using F8: n from STEP 1, F(s) from STEP 2

d n

ds?l

F8 (="

[F(s)]

dl 3 )
L{Bte_gt} = (-1 —[ ] Differentiate F(S) once

dsl|s+ 3

= (-1) - [3(s + 31
= (1) (=13(s +3)7(1)
= 3(s + 3)~2

B 3
(s + 3)2




Multiplication by t"

[

CONTINUE... ]

c) L{tZest)

STEP 1: f(t) =e3 , n=2(refertot)
STEP 2: Find f(t) = e>" by using Table of Laplace Transform

1
L{e5t} =
et =c 1
1 5t Refer F4:
ae F(S) = Sf S5—a

STEP 3: Solve the equation by using F8: n from STEP 1, F(s) from STEP 2

" (—D" L [F(s)]

ds n

L{t%e St} = (- 1)2 [ _5] Differentiate F(S) twice
= (=1)* @[(S =5)71]

= (1) - [(-1)(s = 5)2(D)

= L1 - 9
= (-2) x —1(s = 5)73(1)
=2(s—5)"3
2
" (s-5)°



Multiplication by t"

[ e ]

By using the multiplication by t" theorem, find the following Laplace transform:

a) L{—7t%}
b) L{2tsin 4t}

SOLUTION: —|

a) L{-7t%}
STEP 1- ft)=-=7, n=2(refertot)
STEP 2:  Find f(t) = —7 by using Table of Laplace Transform

L{-?} == T a
_7 —7 Refer F1: —
~ F(s) = — S

STEP 3:  Solve the equation by using F8: n from STEP 1, F(s) from STEP 2

T (-1 2 [F(s)]

2 1-7
L{-7t%*} = (-1)? F[T] Differentiate F(S) twice I
dZ
— (=132 2 [—7em

= (1) (-1 (-757)]
d
~ds
= (-2)(7s7)
= —14s73
_-14

o : ik

0

J7574]



Multiplication by t"

| conmnee. ]

b) L{2t sin 4t}

step1:  J (&) =2sin4t , n =1 (refertot)

STEP 2:  Find f(t) = 2sin 4t by using Table of Laplace Transform

4
LiZ2sin4ty = 2
{ } {52 + 42} 25in 4t R
8 52+ w?
o F(S‘) =

s2 + 16

STEP 3:  Solve the equation by using F8: n from STEP 1, F(s) from STEP 2

S (—1)" L [F(s)]

[ISN'

d! 8
L{2t sin4t}} = (-1?! Tl L“z 5 16] Differentiate F(S) once

d =
=(-1) &[8(52 +16)71]
= (=1) (=1)8(s2 + 16)~2(2s)
= 16s(s? + 16)~? I

_ 16s
- (s2 +16)2

X



// LET'S PRACTISE!

Find the following Laplace transforms using the theorem of multiplication by t" :

a. L{2t} ;cms|a|..|'.¢.nr:j—zE
b, L{te=>%} 1
Answer: G5y
3658
2
2,7t ;
d Lit<e’t)} Answer: Go7)?
s?-
e. L{tcos3t} Answer: ——;
2 6t ;
i L{5E%e°t] Answer: Go6)?

POP QUI>

To find out your level of
understanding, let's take
a pop quiz

POP QUIZ MULTIPLY



INVERSE LAPLACE
TRANSFORM

Understanding the Inverse
Laplace Transform

Inverse Laplace transform is the reverse
process of a Laplace transform.
If L{f (t)} = F (s), then f{t) is called

the inverse Laplace transform of F(s) and is

writtenas L H{F (s)} = f(?),
where L' is the operator of the inverse
Laplace transform.

[

Example 12 ]

Find the Inverse Laplace Transform for F (s) =

SOLUTION: —‘

For example 15,
refer table of Laplace
no. (1):

f(t)




Example 13 ]

[

Find the Inverse Laplace Transform for :

- f(r)=f‘{ 5} —

For exa

no. (4):

LS - - :
refer table of Laplace =L {2(3 _ 5)} ' s%a

5
Fs)= -
(5) 2510 N

No. 0] F(s)

2s—10

mple 16,

_3 s
=5% \ J

[

Example 14 ]

6 45
Fis)= b. F(s)=
% i) 5540 ) s —49
6 4s
a. Fls)=— b. Fiz)=
( 5°+49 ) sh—49
-1 45
() =1 6 For question b, f@e)=L JLSQ T
s 49 refer table of Laplace
~ ho. (16): ] 5
For question a, = L_l{ 22>< 32 } 16.| coshwt ‘ —— {52 -7
refer table of Laplace $°+3 Z Acosh 7

no. (9):

Find the inverse Laplace transform for:

tb

ar

3 3
_ = J %
Sim cuf m /{ 32 + 32 }

= 2sin 3t




// LET'S PRACTISE!

Find the inverse Laplace transform for the following expressions:

a.

F(s)= = Answer: f(t) = 5cosV2t
gt Answer: f(t)=L
=3 nswer: 5
15 s
F(s)= 354 Answer: 7(f) =5e>
F(s)=—— Answer: f(f)=cosllt
Sl S .|
3 4
s ,,43 Answer: f(t) = ; cosh T
b LR
1 3
(s)= 25 Answer: f(t)=—cos—t
1652 +9 5 B

POP QUI>

To find out your level of
understanding, let's take a

. - -# .. -_m L
E‘%‘ E e

| "1 ol g w
POP QUIZ
INVERSE LAPLACE




Inverse Laplace transform using
Theorem 1: Linearity of Laplace
Transform

The property of linearity of Laplace transforms can be used to find the
inverse of a Laplace transform since the inverse Laplace transform is a
linear operation.

[ Example 15 ]

Find the inverse Laplace transform using the property of linearity
of Laplace transform.

] #=5 | 4f 2547
a L {4(;%9] b. L 153_49}
SOLUTION: —‘
. 7] 53 |  pif 2547
e | 4¢s* +9] = ]\5:—49):P
=E(Szigz)]—E(szi32)] :2,5"-{{9 i; ]>_L-'{5 j_ }

cosh 7f + sinh 7t

= l{:(:lSSit — isinSt
4 4



1/ </

Find the inverse Laplace transform for the following expressions using
the property of linearity of Laplace transforms:

3S+8} Answer: 3cos 2f+ 4 sin 2

Answer: 4cos3f + gsin 3t

6s +4 ,
S Answer: 6cosdt + sindt

4| 25+5 .
c. L T o3 Answer: 2cosh 5¢+ sinh 57

2 2 1 . 2
25 + 3} Answer! —cos—t + -sin—t
= 3 '._n'g 2 '..|'3

POP QU=

To find out your level of

understanding, let's take
a pop quiz
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Inverse Laplace Transform
using Theorem 2: First Shifting

The first shifting theorem can be used to find the inverse
of a Laplace transform

[ Example 16 ]

Find L‘l{_’:‘_ﬁ}using the first shifting theorem

SOLUTION: W

Match F(S) with the
- { 1 | right formula, refer

(s-3)] table of Laplace no.
| N (4):

4.

|
|
[
’_-“H
| =
H\f"'—l
o
8
[
™
=

[ Example 17 ]

Find L‘E{é}using the first shifting theorem

=

(s+5)° —4

SOLUTION: —‘

Shifting (5+5) into €
-1[ 7| _78_511,_1’[’ 11 }
l(s+57° -4 |52 -2

Match F(S) with the Ty 2
. =—e L ) .
right formula, refer > e
table of Laplace no.
15): -
(15) =L e sinh 2t

15. sink cwt ———
52 = w?




Inverse Laplace Transform
using Theorem 2: First Shifting J

[ Example 18 ]

9
Find L'IJ = - ] using the first shifting theorem.
e—v7J

SOLUTION: —‘

_1[ % | _1]{5 1}+1} 4f -1 1 }
21 2L i _
1(5 1y | = 1(;—1}-‘+{5—1}-‘

_yl 1 1] af1 1)
e [{5—1}3+(s—1)3} B P

_ f{ AL } Ll Match F(S) with the right
s 5 formula, refer table of

A ) Laplace no. 3 & 4:
=2g~’|:r+?:| =Zg’|:r+—:| B ‘ o ‘ n!
Fil 2 : gn+l
at —
=2te’ +tle’ * ¢ ‘ s—a
[ Example 19 ]
+3
Find L™ ’1 5 }using the first shifting theorem.
s* —8s5+20

5% —85+20; a=1,b=-8,¢c=20 (coefficient of 52 must be 1)

Using completing the square method,

SOLUTION:
1 (s—2) —(2) +20=(s-4) +4

r

1: §+3 s \_.L-u!r 3 ]
1(5 4724 l(s 4y - JL [(s—zt)l—zljL

1‘(.:44)}31{ 1 XE}

i i 4y +2 —4)? 427 2

Match F(S) with the right G-y \ =4

formula, refer table of S e I }_, Al 4 }_ mEa X;}

Laplace no. 9 & 10: -7 +2° L(s—4)" +2* ((s—4y+2* 2
i w =& LIJ_S_} 73 L 1j—2—}—'—ie4!ﬂ_l';_2_\‘t

9. sin wt ‘ ezl —— | 5% +2° s7+27) 2 |5 +22)

: 3
‘ $ =e* cos2r+ 2™ 51nhr+qe "sin 2¢
52 4+ @? <

10. | cos wt

4t 7 4r -
=g c0521+;e'51n2r

“



// LET'S PRACTISE!

Find the inverse Laplace transform for the following expressions
using the first shifting theorem

- 6
a. L l{m} Aﬂswer.' 391‘ Si.ﬂ 2t
S b=
3 1 1
B E _ Answer: Ee_‘f."‘
(s+2) 2
C. jL“j 3 - Answer: E.f:ef +1rie’
[(s-D 2 2
4 L—l{ 4s } Answer: 4e73t — 12te™ 3t
(s +3)
j a1 a1
e. L_lj LH Answer: 2¢”" cos 4f+ze" sin 4¢
| s —4s+20 4

POP Quj>

To find out your level of
understanding, let's take

a pop quiz
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