
qltl zxnzd

dxcbd

:zil`nxet xicbp .t ∈ (0,∞) megza zxcbend 'wpetf (t) idz

L{f (t)} (s) :=
ˆ ∞

0

f (t) e−st dt

F (s) ,L{f (t)} ,L (f) md mitqep mipeniq
f (t) = 1 wpetd xear dnbecl

L{1} (s) =
ˆ ∞

0

1 · e−st dt =
e−st

−s

∣∣∣∣∣
t=a

t=0

=
e−s∞

−s
−

e0

−s
= 0−

1

−s
=

1

s

`ed f (t) , g (t) , x (t) , y (t) zniieqn divwpet ly qltl zxnzdl xvewn oeniq
(CAPS-LOCK - zexg` milina)dlecb wx ,ze`d dze`

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

L{g (t)} (s) = G (s)

.'eke
dpzyn e`xwl bedp s dpzynle (''time") onfd dpzyn `exwl bedp t dpzynl

.dl`d zenlerd ipy oia utwl epl zpzep qltl zxnzd .(''frequency") xczd

dxrd

:dkk zi`xp dketd qltl zxnzd dgqepd

L−1 {F (s)} (t) =
1

2πi

ˆ c+∞i

c−∞i

F (s) est ds

zexnzd itl zeketd zexnzd rvape ,df z` cnlp `l dfd qxewae ,ce`n jaeqn df
.zereci

dl`y

?qltl zxnzd yi divwpet lkl m`d
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daeyz

zil`nxet meyxpe f (t) = et
2

divwpeta opeazp !`l

F (s) =

ˆ ∞

0

f (t) e−st dt =

ˆ ∞

0

et
2

e−st dt =

ˆ ∞

0

et
2−st dt

:s = 0 lynl dqpp ?qpkzn df exeary s miiw m`d

F (0) =

ˆ ∞

0

et
2

dt = ∞

:itpi`n zxekfz `iap z`f ze`xdl ick .s lkl zexcazd ze`xdl dvxp

jk miiynn mixtqn a, be (et
2−st lynl)ziaeig divwpet dpid ϕ (t) m` :dnl

if` a ≤ by

ˆ ∞

a

ϕ (t) dt ≥
ˆ ∞

b

ϕ (t) dt

:dpwqn

ˆ ∞

0

et
2−st dt ≥

∞̂

max(0,s)≥0

et
2−st

(∗)
≥

∞̂

max(0,s)

e0 dt =

∞̂

max(0,s)

= ∞

.t1,2 = 0, s xear t xiv z` zkzegy dleaxt z`f ?t (t− s) = t2 − st > 0 izn(∗)
.wcven oeieey i`de t2 − st ≥ 0 if` t > max (0, s) m` dxwn lka

.dcewp meya qltl zxnzd zniiw `ly eplaiw

qltl zxnzd ly zepekz xtqn

L{αf (t) + βg (t)} (s) = αL{f (t)} (s) + βL{g (t)} (s) = αF (s) + (`)
βG (s)

L{tf (t)} (s) = −
d

ds
L{f (t)} (s) = −F ′ (s) (a)

L{tnf (t)} (s) = (−1)
n
F (n) (s) (b)

n = 0 :dnbec

L
{
t2f (t)

}
= L{t (tf (t))} = −

d

ds
L{tf (t)} = −

d

ds

[
−

d

ds
F (s)

]
= (−1)

2 d2

ds2
F (s) = (−1)

2
F (2) (s)

L{f ′ (t)} (s) = sF (s)− f (0) (c)
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L{f ′′ (t)} (s) = s2F (s)− sf (0)− f ′ (0) (d)

(e)

L
{
f (n) (t)

}
(s) = snF (s)−sn−1f (0)−...−f (n−1) (−) = snF (s)−

n−1∑
k=0

sn−1−kf (k) (0)

L{eatf (t)} (s) = F (s− a) (f)

L{f (t− c)H (t− c)} (s) = e−csF (s) (g)

"dzn" efd divwpetd .H (t) :=

{
1 t > 0

0 t < 0
i"r zxcben Heaviside ziivwpet ,xekfk

.miilily mikxr xear
`id zffend ciiqiad ziivwpet

Hc (t) := H (t− c) =

{
1 t− c > 0

0 t− c < 0
=

{
1 t > c

0 t < c

:a, b miqwcpi` ipy tmr ciiqiad ziivwpet

Ha,b (t) :=

{
1 a < t < b

0 t < a ∨ t > b
= Ha (t)−Hb (t) = H (t− a)−H (t− b)

yeniy

:oirhewnl zxcben f (t) divwpetd m`

f (t) =



f1 (t) a1 < t < b1

f2 (t) a2 < t < b2
...

fn (t) an < t < bn

0 otherwise

(∀i 6=j (ai, bi) ∩ (aj , bj) = ∅ - mixf mirhw)
dxeva dze` meyxl lkep

f (t) = f1 (t)Ha1,b1 (t) + f2 (t)Ha2,b2 (t) + ...+ fn (t)Han,bn (t)

daeyg dxrd

.zix`pil `id L−1 dketdd qltl zxnzd mb
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dgked

(`) z` gwip

αF (s) + βG (s) = L{αf (t) + βg (t)}

L−1 {αF (s) + βG (s)} = αf (t) + βg (t) = αL−1 {F (s)}+ βL−1 {G (s)}

libxz

`le t `ed ielz izlad dpzynd)ze`ad zeirad z` qltl zxnzd zhiy i"r xezt
(x

(`) y′′ − 4y′ + 8y = e2t

y (0) = −2
y′ (0) = s

oexzt

qltl zxnzd lirtp

y′′ − 4y′ + 8y = e2t

L{y′′ − 4y′ + 8y} (s) = L
{
e2t

}
(s)

L{y′′} − 4L{y′}+ 8L{y} =
1

s− 2

[
s2Y (s)− sy (0)− y′ (0)

]
− 4 [sY (s)− y (0)] + 8 [Y (s)] =

1

s− 2

[
s2Y (s) + 2s− 5

]
− 4 [sY (s) + 2] + 8Y (s) =

1

s− 2

(
s2 − 4s+ 8

)
Y (s) + 2s− 13 =

1

s− 2

!zil`ivpxtic d`eeyn `l ejlit` z`f

Y (s) =
1

(s− 2) (s2 − 4s+ 8)
−

2s

s2 − 4s+ 8
+

13

s2 − 4s+ 8
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(y (t) =) y = L−1

{
1

(s− 2) (s2 − 4s+ 8)
−

2s

s2 − 4s+ 8
+

13

s2 − 4s+ 8

}
(t)

y = L−1

{
1

(s− 2) (s2 − 4s+ 8)

}
︸ ︷︷ ︸

I

−2L−1

{
s

s2 − 4s+ 8

}
︸ ︷︷ ︸

II

+13L−1

{
1

s2 − 4s+ 8

}
︸ ︷︷ ︸

III

:III aeyiga ligzp •

1

s2 − 4s+ 8
=

1

(s− 2)
2
+ 4

=
1

(s− 2)
2
+ 22

= L{sin (2t)} (s− 2)

L{sin (2t)} (s− 2) =
2

(s− 2)
2
+ 22

L−1

{
1

s2 − 4s+ 8

}
= e2t ·

1

2
sin (2t)

:II aeyig •

s

s2 − 4s+ 8
=

s

(s− 2)
2
+ 22

=
s− 2 + 2

(s− 2)
2
+ 22

=
s− 2

(s− 2)
2
+ 22

+
2

(s− 2)
2
+ 22

okle L{cos (at)} (s) =
s

s2 + a2

L−1

{
s

s2 − 4s+ 8

}
= e2t cos (2t) + e2t sin (2t)

:I aeyig •
:miiwlg minxebl wxtp

1

(s− 2) (s2 − 4s+ 8)
=

A

s− 2
+

Bs+ c

s2 − 4s+ 8

0s2+0s+1 = A
(
s2 − 4s+ 8

)
+(bs+ C) (s− 2) = (A+B) s2+(−4A− 2B + C) s+(8A− 2C) A+B = 0

−4A− 2B + C = 0
8A− 2C = 1

⇒ B = −A
⇒ −2A+ C = 0
⇒ 8A− 2C = 1

⇒ −4A+ 2C = 0
8A− 2C = 1

}
+
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4A = 1 ⇒ A =
1

4
⇒ B = −

1

4
⇒ C =

1

2

:okl

1

(s− 2) (s2 − 4s+ 8)
=

1

4
·

1

s− 2
−

1

4
·

s− 2

s2 − 4s

L−1

{
1

(s− 2) (s2 − 4s+ 8)

}
=

1

4
L−1

{
1

s− 2

}
−
1

4
L−1

{
s− 2

(s− 2)
2
+ 22

}
=

1

4
e2t−

1

4
e2t cos 2t

z` mihytn :mekiql

y = I − 2II + 13III = ...
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