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Tables of Integral Transforms

In this chapter we provide a set of short tables of integral transforms of the
functions that are either cited in the text or are in most common use in
mathematical, physical, and engineering applications. For exhaustive lists of
integral transforms, the reader is referred to Erdélyi et al. (1954), Campbell
and Foster (1948), Ditkin and Prudnikov (1965), Doetsch (1970), Marichev
(1983), Debnath (1995), and Oberhettinger (1972).

15.1 Fourier Transforms

f (x) F (k) = 1√
2π

∫ ∞

−∞
exp (−ikx) f (x) dx

1 exp (−a |x|) , a > 0
(√

2
π

)
a

(
a2 + k2

)−1

2 x exp (−a |x|) , a > 0
(√

2
π

)
(−2aik)

(
a2 + k2

)−2

3 exp
(−ax2

)
, a > 0 1√

2a
exp

(
−k2

4a

)

4
(
x2 + a2

)−1
, a > 0

√
π
2

exp(−a|k|)
a

5 x
(
x2 + a2

)−1 √
π
2

(
ik
2a

)
exp (−a |k|)
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f (x) F (k) = 1√
2π

∫ ∞

−∞
exp (−ikx) f (x) dx

6

{
c, a ≤ x ≤ b
0, outside.

ic√
2π

1
k

(
e−ibk − e−iak

)

7 |x| exp (−a |x|) , a > 0
√

2
π

(
a2 − k2

) (
a2 + k2

)−2

8 sin ax
x

√
π
2 H (a − |k|)

9 exp {−x (a − iω)} H (x) 1√
2π

i
(ω−k+ia)

10
(
a2 − x2

)− 1
2 H (a − |x|) √

π
2 J0 (ak)

11
sin

[
b(x2+a2)

1
2

]

(x2+a2)
1
2

√
π
2 J0

(
a
√

b2 − k2
)
H (b − |k|)

12
cos(b

√
a2−x2)

(a2−x2)
1
2

H (a − |x|) √
π
2 J0

(
a
√

b2 + k2
)

13 e−ax H (x) , a > 0 1√
2π

(a − ik)
(
a2 + k2

)−1

14 1√
|x| exp (−a |x|) , a > 0

(
a2 + k2

)− 1
2

[
a +

(
a2 + k2

) 1
2

] 1
2

15 δ(n) (x − a) , n = 0, 1, 2, . . . 1√
2π

(ik)
n

exp (−iak)

16 exp (iax)
√

2π δ (k − a)
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15.2 Fourier Sine Transforms

f (x) Fs (k) =
√

2
π

∫ ∞

0

sin (kx) f (x) dx

1 exp (−ax) , a > 0
√

2
π k

(
a2 + k2

)−1

2 x exp (−ax) , a > 0
√

2
π (2ak)

(
a2 + k2

)−2

3 xα−1, 0 < α < 1
√

2
π k−αΓ (α) sin

(
πα
2

)

4 1√
x

1√
k
, k > 0

5 xα−1e−ax, α > −1,
a > 0

√
2
π Γ (α) r−α sin (αθ) , where

r =
(
a2 + k2

) 1
2 , θ = tan−1

(
k
a

)

6 x−1e−ax, a > 0
√

2
π tan−1

(
k
a

)
, k > 0

7 x exp
(−a2x2

)
2−3/2

(
k
a3

)
exp

(
− k2

4a2

)

8 erfc (ax)
√

2
π

1
k

[
1 − exp

(
− k2

4a2

)]

9 x
(
a2 + x2

)−1 √
π
2 exp (−ak) , a > 0

10 x
(
a2 + x2

)−2 1√
2π

(
k
a

)
exp (−ak) , (a > 0)
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f (x) Fs (k) =
√

2
π

∫ ∞

0

sin (kx) f (x) dx

11 H (a − x) , a > 0
√

2
π

1
k (1 − cos ak)

12 x−1J0 (ax)

⎧⎪⎨
⎪⎩

√
2
π sin−1

(
k
a

)
, 0 < k < a

√
π
2 , a < k < ∞

13 x
(
a2 + x2

)−1
J0 (bx) ,

a > 0, b > 0

√
π
2 e−akI0 (ab) , a < k < ∞

14 J0 (a
√

x) , a > 0
√

2
π

1
k cos

(
a2

4k

)

15
(
x2 − a2

)ν− 1
2 H (x − a) ,

|ν| < 1
2

2ν− 1
2

(
a
k

)ν
Γ

(
ν + 1

2

)
J−ν (ak)

16 x1−ν
(
x2 + a2

)−1
Jν (ax) ,

ν > − 3
2 , a, b > 0

√
π
2 a−ν exp (−ak) Iν (ab) ,

a < k < ∞

17 x−νJν+1 (ax) , ν > − 1
2

k(a2−k2)
ν− 1

2

2ν− 1
2 aν+1Γ(ν+ 1

2 )
H (a − k)

18 erfc (ax)
√

2
π

1
k

[
1 − exp

(
− k2

4a2

)]

19 x−α, 0 < Re α < 2
√

2
π Γ (1 − α) kα−1 cos

(
απ
2

)

20
(
ax − x2

)α− 1
2 H (a − x),

α > − 1
2

√
2 Γ

(
α + 1

2

) (
a
k

)α
sin

(
ak
2

)
Jα

(
ak
2

)
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15.3 Fourier Cosine Transforms

f (x) Fc (k) =
√

2
π

∫ ∞

0

cos (kx) f (x) dx

1 exp (−ax) , a > 0
(√

2
π

)
a

(
a2 + k2

)−1

2 x exp (−ax) , a > 0
(√

2
π

) (
a2 − k2

) (
a2 + k2

)−2

3 exp
(−a2x2

)
1

a
√

2
exp

(
− k2

4a2

)

4 H (a − x)
√

2
π

(
sin ak

k

)

5 xa−1, 0 < a < 1
√

2
π Γ (a) k−a cos

(
aπ
2

)

6 cos
(
ax2

)
, a > 0 1

2
√

a

[
cos

(
k2

4a

)
+ sin

(
k2

4a

)]

7 sin
(
ax2

)
, a > 0 1

2
√

a

[
cos

(
k2

4a

)
− sin

(
k2

4a

)]

8
(
a2 − x2

)ν− 1
2 H (a − x) , ν > − 1

2 2ν− 1
2 Γ

(
ν + 1

2

) (
a
k

)ν
Jν (ak)

9
(
a2 + x2

)−1
J0 (bx) , a, b > 0

√
π
2 a−1 exp (−ak) I0 (ab),

b < k < ∞

10 x−νJν (ax) , ν > − 1
2

(a2−k2)
ν− 1

2 H(a−k)

2ν− 1
2 aνΓ(ν+ 1

2 )
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f (x) Fc (k) =
√

2
π

∫ ∞

0

cos (kx) f (x) dx

11
(
x2 + a2

)− 1
2 exp

[
−b

(
x2 + a2

) 1
2

]
K0

[
a

(
k2 + b2

) 1
2

]
, a > 0, b > 0

12 xν−1e−ax, ν > 0, a > 0
√

2
π Γ (ν) r−ν cos nθ, where

r =
(
a2 + k2

) 1
2 , θ = tan−1

(
k
a

)

13 2
x e−x sin x

√
2
π tan−1

(
2
k2

)

14 sin
[
a

(
b2 − x2

) 1
2 H (b − x)

] √
π
2 (ab)

(
a2 + k2

)− 1
2

× J1

[
b
(
a2 + k2

) 1
2

]

15
(1−x2)
(1+x2)2

√
π
2 k exp (−k)

16 x−α, 0 < α < 1
√

π
2

kα−1

Γ (α) sec
(

πα
2

)

17
(

1
a + x

)
e−ax, a > 0

√
π
2

2a2

(a2+k2)2

18 log
(
1 + a2

x2

)
, a > 0

√
2π

(1−e−ak)
k

19 log
(

a2+x2

b2+x2

)
, a, b > 0

√
2π

(e−bk−e−ak)
k

20 a
(
x2 + a2

)−1
, a > 0

√
π
2 exp (−ak) , k > 0
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15.4 Laplace Transforms

f (t) f (s) =

∫ ∞

0

exp (−st) f (t) dt

1 f (n) (t) snf (s) −
n−1∑
r=0

sn−r−1f (r) (0)

2

∫ t

0

f (t − τ) g (τ) dτ f (s) g (s)

3 tnf (t) (−1)
n dn

dsn f (s)

4 f (t − a) H (t − a) exp (−as) f (s)

5 tn (n = 0, 1, 2, 3, . . .) n!
sn+1

6 eat 1
s−a

7 tne−at Γ (n+1)

(s+a)n+1

8 ta (a > −1) Γ (a+1)
sa+1

9 eat cos bt s−a
(s−a)2+b2

10 eat sin bt b
(s−a)2+b2

11 1√
t

√
π
s

12 2
√

t 1
s

√
π
s
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f (t) f (s) =

∫ ∞

0

exp (−st) f (t) dt

13 t−1/2 exp
(−a

t

) √
π
s exp (−2

√
as)

14 t−3/2 exp
(−a

t

) √
π
a exp (−2

√
as)

15 1√
πt

(1 + 2at) eat s
(s−a)

√
s−a

16 1

2
√

πt3

(
ebt − eat

) √
s − a − √

s − b

17 exp
(
a2t

)
erf

(
a
√

t
)

a√
s(s−a2)

18 exp
(
a2t

)
erfc

(
a
√

t
)

1√
s(

√
s+a)

19 1√
πt

+ a exp
(
a2t

)
erf

(
a
√

t
) √

s
(s−a2)

20 1√
πt

− a exp
(
a2t

)
erfc

(
a
√

t
)

1√
s+a

21 exp(−at)√
b−a

erf
(√

(b − a) t
)

1
(s+a)

√
s+b

22
1

2
eiωt

[
exp (−λz) erfc

(
ζ −

√
iωt

)
+ exp (λz) erfc

(
ζ +

√
iωt

)]
,

where ζ = z/2
√

νt, λ =
√

iω
ν

(s − iω)
−1

exp
(−z

√
s
ν

)

23 1
2

[
exp (−ab) erfc

(
b−2at
2
√

t

)

+ exp (ab) erfc
(

b+2at
2
√

t

)] exp
[
−b

(
s + a2

) 1
2

]
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f (t) f (s) =

∫ ∞

0

exp (−st) f (t) dt

24 J0 (at)
(
s2 + a2

)− 1
2

25 I0 (at)
(
s2 − a2

)− 1
2

26 tα−1 exp (−at) , α > 0 Γ (α) (s + a)
−α

27 t−1Jν (at) ν−1aν
(√

s2 + a2 + s
)−ν

,
Re ν > − 1

2

28 J0

(
a
√

t
)

1
s exp

(
−a2

4s

)

29
(

2
a

)ν
tν/2Jν

(
a
√

t
)

s−(ν+1) exp
(
−a2

4s

)
,

Re ν > − 1
2

30 a
2t

√
πt

exp
(
−a2

4t

)
exp (−a

√
s) , a > 0

31 1√
πt

exp
(
−a2

4t

)
1√
s

exp (−a
√

s) , a ≥ 0

32 exp
(
−a2t2

4

) √
π

a exp
(

s2

a2

)
erfc

(
s
a

)
,

a ≥ 0

33
(
t2 − a2

)− 1
2 H (t − a) K0 (as) , a > 0

34 δ(n) (t − a) , n = 0, 1, . . . sn exp (−as)
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f (t) f (s) =

∫ ∞

0

exp (−st) f (t) dt

35 tmα+β−1E
(m)
α,β (+ at) ,

m = 0, 1, 2, . . .

m! sα−β

(sα+ a)
m+1

36
√

π

Γ(ν+ 1
2 )

(
t
2a

)ν
Jν (at)

(
s2 + a2

)−(ν+ 1
2 ),

Re ν > − 1
2

37 1
2e−ct

[
exp

(−a
√

b − c
)

×erfc
{

a√
4t

− √
(b − c) t

}
− exp

(
a
√

b − c
)

×erfc
{

a√
4t

+
√

(b − c) t
}]

exp(−a
√

s+b)
(s+c)

√
(s+b)

38 1
2e−ct

[
exp

(−a
√

b − c
)

×erfc
{

a√
4t

− t
√

b − c
}

− exp
(
a
√

b − c
)

×erfc
{

a√
4t

+ t
√

b − c
}]

exp(−a
√

s+b)
(s+c)

39 e−bt
[√

4t
π exp

(
−a2

4t

)

−a erfc
(

a√
4t

)]
exp(−a

√
s+b)

(s+b)3/2

40 e−bt
[(

t + 1
2a2

)
erfc

(
a√
4t

)

−
√

ta2

π exp
(
−a2

4t

)]
exp(−a

√
s+b)

(s+b)2


