
s̄ = 0.25



h = 4



w(t)



w̃(s)



w̃(s)



=



∫
e−i2πstw(t)dt and



w(t)



∫
ei2πstw̃(s)ds.



Cw =
∫ 1

|s|
w̃(s)ds.



w̃(s)/|s|ε



→ 0



s→ 0



ε > 0



w(t) = cos(2πt)(e−πt
2/c2)



c



∫
w(ut)du = Cw · δ(t).



t = 0



Proof :
∫
w(ut)du =

∫ {∫ 1

|u|
w̃(
s

u
)ei2πstds

}
du . . .



(s, u)



(s′ = s, u′ = s/u)



∂(s, u)/∂(s′, u′) = |s′/u′2|



∫
w(ut)du



∫ ∫ ∣∣∣∣∣u′s′
∣∣∣∣∣ w̃(u′)ei2πs

′t

∣∣∣∣∣ s′u′2
∣∣∣∣∣ ds′du′



∫ ∫ 1

|u′|
w̃(u′)ei2πs

′tds′du′



{∫ 1

|u′|
w̃(u′)du′

}
·
{∫

ei2πs
′tds′

}



Cw · δ(t).



w(t) = w(−t).



F (u, a)



L2



f(t)



F (u, a) =
∫
w[u(a− t)]f(t)dt.



a



u



2u



u−1



f(t) = C−1
w

∫
F (u, a = t)du.



Proof : C−1
w

∫
F (u, a = t)du



C−1
w

∫ {∫
w[u(t− t′)]f(t′)dt′

}
du



C−1
w

∫ {∫
w[u(t− t′)]du

}
f(t′)dt′



C−1
w

∫
Cwδ(t− t′)f(t′)dt′



f(t).



g(τ) = f [t(τ)].



t(τ)



t



τ



t(τ)



≈



t(τ0) + (τ − τ0) · dt
dτ

(τ0) and



τ(t)



τ0 + [t− t(τ0)] ·
[
dt

dτ
(τ0)

]−1

.



g(τ)



G(v, b) =
∫
w[v(b− τ)]g(τ)dτ and



g(τ) = C−1
w

∫
G(v, b = τ)dv.



G(v, b)



G(v, b) ≈
∣∣∣∣∣ dtdτ (b)

∣∣∣∣∣
−1

F

u = v ·
[
dt

dτ
(b)

]−1

, a = t(b)

 .



Proof : G(v, b)



∫
w[v(b− τ)] · f [t(τ)]dτ



∫
w[v(b− τ)] · f

[
t(b) + (τ − b) · dt

dτ
(b)

]
dτ . . .



t′



≡



t(b) + (τ − b) · dt
dτ

(b) and



τ



b+ [t′ − t(b)] ·
[
dt

dτ
(b)

]−1

.



G(v, b)



∫
w

v · [t(b)− t′] ·
[
dt

dτ
(b)

]−1
 · f(t′) ·

∣∣∣∣∣ dtdτ (b)

∣∣∣∣∣
−1

dt′



∣∣∣∣∣ dtdτ (b)

∣∣∣∣∣
−1 ∫

w

v
[
dt

dτ
(b)

]−1

· [t(b)− t′]

 · f(t′)dt′



∣∣∣∣∣ dtdτ (b)

∣∣∣∣∣
−1

F

u = v ·
[
dt

dτ
(b)

]−1

, a = t(b)

 .



m(t)



mg(t)mc(t),



where mg(t)



e−π(s̄t/h)2



and mc(t)



cos(2πs̄t),



so m(t)



e−π(s̄t/h)2 cos(2πs̄t).



s̄



h



1/s̄



mg(0)



1;



mg[h/(2s̄)]



mg[−h/(2s̄)]



exp(−π/4) ≈ 0.456.



∫
mg(t)dt =

∫
e−π(s̄t/h)2dt =

h

s̄
,



1



0.5



1/s̄ = 4



t = ±8



h/s̄ = 4/0.25 = 16



m̃g(s)



∫
e−i2πstmg(t)dt =

∫
e−i2πste−π(s̄t/h)2dt



h

s̄
e−π(hs/s̄)2 .



s̄/h



h/s̄



m̃c(s)



∫
e−i2πstmc(t)dt =

∫
e−i2πst cos(2πs̄t)dt



1

2
δ(s+ s̄) +

1

2
δ(s− s̄).



m̃(s)



∫
e−i2πstm(t)dt =

∫
e−i2πstmg(t)mc(t)dt



m̃g(s) ∗ m̃c(s) =
∫
m̃g(s

′)m̃c(s− s′)ds′



h

2s̄
e−π[h(s+s̄)/s̄]2 +

h

2s̄
e−π[h(s−s̄)/s̄]2 .



∫
|mg(t)|2dt =

∫
e−2π(s̄t/h)2dt =

1√
2

h

s̄
,



∫
|mg(t)|2t2dt =

∫
e−2π(s̄t/h)2t2dt =

1

4
√

2π

h3

s̄3
.



∆2t



∫
|mg(t)|2t2dt∫
|mg(t)|2dt

=
1

4π

h2

s̄2
;



∆t



1

2
√
π

h

s̄
.



∆2s



∫
|m̃g(s)|2s2ds∫
|m̃g(s)|2ds

=
1

4π

s̄2

h2
;



∆s



1

2
√
π

s̄

h
.



∆s∆t =
1

4π
.


