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ŵ(⇠, t) =
sin(ct|⇠|)

c|⇠|



d = 3

(w ⇤ h)(x, t) = b0,0t

Z

|z|=1
h(x+ ctz)dS(z)

(@tw ⇤ h)(x, t) =
X

0|↵|1

b↵,1(ct)
|↵|
Z

|z|=1
D

↵
h(x+ ctz)z↵dS(z)

(@2tw ⇤ h)(x, t) =
X

1|↵|2

b↵,2(ct)
|↵|�1

Z

|z|=1
D

↵
h(x+ ctz)z↵dS(z)

Sz b↵,i

(8)

L̊
p(n) = {f : kf(x)k

L̊p(n) =
⇣Z

R3
|x|np|f(x)|pdx

⌘1/p
< 1}

L
p(n) = {f : kf(x)kLp(n) =

⇣Z

R3
(1 + |x|)np|f(x)|pdx

⌘1/p
< 1}

W
k,p(n) W

k,p

W
k,p(n) = {f 2 W

k,p : kfkp
Wk,p(n)

=
X

|↵|k

k@↵x fk
p

Lp(n) < 1}

Lp =
�
L
p
�3

k~!kLp = max
i=1,2,3

k!ikLp

L̊p(n) =
�
L̊
p(n)

�3 Lp(n) =
�
L
p(n)

�3 Wk,p(n) = (W k,p(n))3

Lp
� Lp

L̊p
�(n) Lp

�(n) Wk,p
� (n)

S S�

⇧ ⇧ B (a, ~!) 2 S ⇥ S� (11)

⇧a =
1

4⇡

Z

R3

(x� y)

|x� y|3a(y)dy B~! = � 1

4⇡

Z

R3

(x� y)⇥ ~!(y)

|x� y|3 dy

⇧ B

L
p(n)⇥ Lp

�(n) p n

a 2 S ~! 2 S�
1 < p1 < 1 C1 p1

k@xi⇧akLp1  C1kakLp1 k@xiB~!kLp1  C1k~!kLp1

n 2 [0, 2) 1 < p3 < p2 < 1
1

p2
=

1

p3
� 1

3

p3
1� n

3
<

1

p3
<

3� n

3



C2 n, p3

k⇧akLp2 (n)  C2kakLp3 (n) kB~!kLp2 (n)  C2k~!kLp3 (n)

n 2 [1, 3) 1 < p3 < p2 < 1 p3

3� n

3
<

1

p3
<

4� n

3

a ~!

Z

R3
a(x)dx = 0

Z

R3
~!(x)dx = 0

C2 n, p3 (17)

B

p n L
2

⇧
⇧ B a, ~! 2 L

p3(n)⇥ Lp3
� (n)

p1, C1 2.1 a 2 L
p1 ~! 2 Lp1

� (15)
n, p2, p3, C2 2.1 a 2 L

p3(n) ~! 2 Lp3
� (n) (17)

n, p2, p3, C2 2.1 a 2 L
p3(n) ~! 2 Lp3

� (n)
(17)

L
p

k@↵xK⌫(t) ⇤ fkLp  C(⌫t)�
|↵|
2 � 3

2 (
1
q�

1
p )kfkLq

1  q  p  1 f 2 L
q

d = 3

1  q  p  1 n, µ 2 R�0 n � µ
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k(ã, ~̃!)kXn,k + k(a, ~!)kXn,k

⌘
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k
Z

R3
@
↵

xK⌫(x� y, t)f(y)�|y|�
p
⌫t
dyk

L̊
p
x(µ)

 (⌫t)
µ
2�

|↵|
2 + 3

2p

h
k
Z

R3
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⌫tỹ)| exp[� |x̃|2

8
]dỹ
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