
9
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9
δ(x)

δ(x) =

{
0 , x �= 0
∞ , x = 0

δ(x) ∫ +ε

−ε

δ(x) f(x) dx = f(0)

ε > 0 f(x) x = 0

x = 0

δ(x) = ” lim
n→∞

”gn(x)

gn

gn(x) =
n√
π

e−n2x2

.

gn ∫ +∞

−∞

[gn(x)]2 dx = 1 .

gn

n

δ(x)
g x = 0

δ(x)
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gn(x)
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δ(x)

D S

V
K f : V → K

f(αx + βy) = αf(x) + βf(y) , ∀x, y ∈ V, ∀α, β ∈ K .

D D
φ(x)

φ : R −→ C
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9
φ(x)

φ(x)
[a, b] φ(x)

D

φ(x) =

{
e
− 1

1−x2 , |x| < 1 ,
0 , |x| ≥ 1 .

D

(φ + ψ)(x) = φ(x) + ψ(x) , ∀φ, ψ ∈ D ;

(αφ)(x) = α φ(x) , ∀φ ∈ D, ∀α ∈ C .

φ(x) D

φ ψ
D

D

{φn(x)} D
0 ∈ D

[a, b]
{φn}

{φn}

φ(i)
n (x) −→ 0 , ∀i, ∀x ∈ [a, b] .
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δ > 0 ε > 0 δ
x

D′ D

T : D −→ C

φ −→ T (φ) = (T, φ)

T (φ) = 〈T |φ〉

(T, αφ + βψ) = α (T, φ) + β (T, ψ)

φ, ψ ∈ D α, β

∀φn ∈ D φn → 0 n → ∞

(T, φn) −→ (T, 0) , n → ∞

D′

(δ0, φ) = φ(0) ∀φ ∈ D .

δ0

δ0

(δa, φ) = φ(a) ∀φ ∈ D .

δ(x − a)

f(x) f
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9[a, b]

∫ b

a

|f(x)| dx .

f

(f, φ) =

∫ +∞

−∞

f(x) φ(x) dx .

f
φ

f φ

〈f |φ〉 =

∫ +∞

−∞

f(x) φ(x) dx .

T φ

〈T |φ〉

δ

H(x) =

{
1 , x > 0 ,
0 , x < 0 .

〈H|φ〉 =

∫ +∞

−∞

H(x) φ(x) dx =

∫ +∞

0

φ(x) dx

H(0)
D′

〈R + T |φ〉 = 〈R|φ〉 + 〈T |φ〉
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∀R, T ∈ D′, ∀φ ∈ D

〈αT |φ〉 = α〈T |φ〉

∀T ∈ D′, ∀φ ∈ D, ∀α ∈ C

D

〈f ′|φ〉 =

∫ +∞

−∞

f ′ φ dx = [fφ]+∞
−∞ −

∫ +∞

−∞

f φ′ dx = −〈f |φ′〉 .

〈T ′|φ〉 = −〈T |φ′〉 ,

φ ∈ D T ∈ D′

f(x)
x = a sa =

f+ − f−

x = a

〈f ′|φ〉 = −〈f |φ′〉 = −
∫ +∞

−∞

f φ′ dx

= − lim
ε→0+

{∫ a−ε

−∞

f φ′ dx +

∫ a+ε

a−ε

f φ′ dx +

∫ +∞

a+ε

f φ′ dx

}
.
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9ε

〈f ′|φ〉 = −
{

lim
ε→0+

[
f(x)φ(x)

]a−ε

−∞
− lim

ε→0+

∫ a−ε

−∞

f ′ φ dx+

+ lim
ε→0+

[
f(x)φ(x)

]+∞

a+ε
− lim

ε→0+

∫ +∞

a+ε

f ′ φ dx

}
= − lim

ε→0+

[f(a − ε)φ(a)] + lim
ε→0+

[f(a + ε)φ(a)] +

+

{
lim

ε→0+

∫ a−ε

−∞

f ′ φ dx + lim
ε→0+

∫ +∞

a+ε

f ′ φ dx

}

{f ′}(x)

{...} =

∫ +∞

−∞

{f ′}(x) φ dx = 〈{f ′}|φ〉

〈f ′|φ〉 = φ(a) [f+ − f−]︸ ︷︷ ︸
sa

+〈{f ′}|φ〉

= sa 〈δa|φ〉 + 〈{f ′}|φ〉 .

φ D
f ′ = {f ′} + sa δa .

f
x = a1 x = a2 x = an

f ′ = {f ′} +

n∑
i=1

si δai
.

f ′′ = {f ′′} +

m∑
i=1

si
′ δbi

+

n∑
i=1

si δ
′
ai

,

si
′ f ′ b1, b2, . . . , bm

si f a1, a2, . . . , an δ′ai
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〈δai
|φ〉 = −φ′(x = ai) = −〈δai

|φ′〉 .

f ′ f ′′

H(x)

H ′(x) = δ0

H(x)

x f(x) = |x|
ε(x)

|x|′′ = ε′ = 2 δ0 .

H(x)
x ε(x) −1 x +1 x
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9
log|x|〈

d

dx
log |x|

∣∣∣∣φ
〉

= −
〈
log |x|

∣∣∣φ′
〉

= − lim
ε→0+

{∫ −ε

−∞

log |x|φ′ dx+

+

∫ +∞

+ε

log |x|φ′ dx

}

= lim
ε→0+

{
log εφ(ε) − log εφ(−ε)︸ ︷︷ ︸

0

+

+

∫ −ε

−∞

φ(x)

x
dx +

∫ +∞

+ε

φ(x)

x
dx

}

〈
d

dx
log |x|

∣∣∣∣φ
〉

=

∫ +∞

−∞

φ(x)

x
dx .

∫ +∞

−∞

φ(x)

x
dx

lim
ε1→0+

∫ −ε1

−∞

φ(x)

x
dx ; lim

ε2→0+

∫ +∞

+ε2

φ(x)

x
dx ,

ε1 ε2

lim
ε→0+

{∫ −ε

−∞

φ(x)

x
dx +

∫ +∞

+ε

φ(x)

x
dx

}
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εμ logν ε

ε → 0 Re μ ≥ 0, Re ν ≥ 0 μ = ν = 0

∫ b

0

dx

x
= lim

ε→0+

{∫ b

ε

dx

x
+ log ε

}
= log b

log b− log ε
−log ε

1/x 1/x2

x y′ = 0 ;

yclass = C1 =

ydistr = C2 H(x)

H(x)
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9
〈x C2 H ′ |φ〉 = C2 〈x δ0 |φ〉

= C2 〈δ0 |x φ〉 = 0

xφ x = 0

y = C1 + C2 H(x) .

A letra foi escolhi-
da em homenagem a
Schwartz.

lim
|x|→∞

∣∣xk φ(p)(x)
∣∣ = 0

k ≥ 0 p ≥ 0
e−x2

S

φn S 0

xk φ(p)
n (x) −→ 0

n → ∞ k, p
S ′

S

1/xm eikx k
D S

D ⊂ S ; D′ ⊃ S ′ .

H ≡ H ′

H
H ′
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H

D ⊂ H ≡ H ′ ⊂ D′

S ⊂ H ⊂ S ′ ;

eikx

H
S ′

H S

x
x

x

162



9

D′ S ′
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