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V (xt) =
∑

xt∈X 6=xs

G(xt, xs)ρ(xs), xt ∈ X
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G(xt, xs) =
eik|xs−xt|

|xs − xt|

• V
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X ⊂
⊕

p

B£

p , £ = 1, . . . , Ô

¦ 1¤� � B£

p =
⊕

b£+1
q ⊂B£

p

b£+1
q
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(xt, xs)
143�1�-�3d1 ��� + 3 � )d1 � 3����>£¯+¢14)���� ª �Z· � 3

xt ∈ Bt
1 ⊂ Bt

2 ⊂ .. ⊂ Bt
Ô

xs ∈ Bs
1 ⊂ Bs

2 ⊂ .. ⊂ Bs
Ô

£¯+¢14)���� ª �]· � 3 (Bt, Bs) ⇒ ¥ +¨��)d1�/21©+ �"ª0� �Â/,Ä GBt,Bs
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V Bs(xt) =
∑

xs∈Bs

G(xt, xs) ρ(xs), xt ∈ Bt

cs

xs

Bs Bt

@@ cs

xt
��
ct

� -` � -`

~d

~d = `(ix̂+ jŷ + kẑ), ` = 2−£`0

i, j, k
1�-�� � � � )d3���� ¥ � �0����� 3 ≤ 3, |i| + |j| + |k| > 3
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G(xt, xs) '
∫

K̂

∼ ei
~k·(xt−ct) TL(~d,~k) ei

~k·(cs−xs)

¦���� ) � K̂ ⊂
{

~k ∈ IC
3, k2

x + k2
y + k2

z = k2
}

¦ � ¦ 1 �4� /2��-�3d1 ��� ) 
 /Z+Ö3 � 3
ü��� )d��£¡+¢�¬+¨��1 ��� ¦ + � � 3�� K̂ = kS2


 �� )d��£¡+¢�¬+¨��1 ��� ¦ + � � 3 � �2� +.- � 3�/ � -�� ¦ + � � 3¹1�- � ��� â
� 1�) � /x��14��- 

â = ±x̂, ±ŷ, ±ẑ ®
∫

K̂

∼ 143�+ � � + � ),+¨� � ) � ) ���4� ��- K̂
 ��- � �_��) � +./ � �4�2���R� £ ®

∫

K̂

∼ F (~k) =
P `
∑

p=1

$`
pF (~k`p).
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V Bs(xt) =
∑

xs∈Bs

G(xt, xs) ρ(xs)

=

∫

K̂

∼ ei
~k·(xt−ct) TL(~d,~k)

∑

xs∈Bs

ei
~k·(cs−xs) ρ(xs)

︸ ︷︷ ︸

FBs(~k)
︸ ︷︷ ︸

HBt,Bs (~k)

ct

ρ(xs), xs ∈ Bs

V Bs(xt), xt ∈ Bt

ct

xt
�

cs
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.

.
.
.
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.
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cs=⇒

∑

xs

⇐=

∫

K̂

∼

FBs(~k)
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⇓ ×TL(~d,~k)

HBt,Bs(~k)
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FBs(~κp) =
∑

b⊂Bs

ei~κp·(cBs−cb)F b(~κp)
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FBs(~κp) =
∑

b⊂Bs

ei~κp·(cBs−cb)
∑

q

Ip,qF
b(~κq)

I ¥ � 3I��1�-�� � )s£A� � +¨� � 3�+./R/ � )w+b� � ¶ + �4� � ��� ei~κ·(xs−cb) � 3
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ei
~k+

p ·(x−c) = ei
~k+

p ·(ci−c) ei
~k+

p ·(x−ci)

' ei
~k+

p ·(ci−c)
︸ ︷︷ ︸

Si(~k+
p )

Int
−
+

(

ei
~k−q ·(x−ci)

)

cs

Bs

c4

c1 c2

c3..
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∑

i

SiF
bi

⇐=

=⇒

∑

xs

F bi(~k−)

⇓ Int
−
+

F bi(~k+)FBs(~k+)
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Hb,Bs(~k+
p ) = e−i

~k+
p ·(ct−b)HBt,Bs(~k+

p ), xt ∈ b ⊂ Bt

c
xt

V Bs(xt), xt ∈ b

HBt,Bs(~k+
p )

ct

ct"!
# 

-�

6

?

��@I

�	 @R ���?� -6��@I
@R�	

���?� -6

ct

c

c

=⇒
Sct−c(~k

+
p )

⇐=∫

K̂

∼

Hb,Bs(~k+
p )

⇓ [Int
−
+]T

Hb,Bs(~k−q )

V Bs(xt) =
∑

p

$+
p H

b,Bs(~k+
p ) Int

−
+

[

ei
~k−q ·(xt−ct)

]

(~k+
p )

=
∑

q

$−
q [Int

−
+]T

[

Hb,Bs(~k+
p )
]

(~k−q ) ei
~k−q ·(xt−ct)
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• *,+.-0/�12/�- 32454 G
bs,bt ' ∗

F
btT

bs−btFbs + /�6�68796
• :;+.-0/�12/�-=< 32454

� -�3�� � + � ���

G ' Gclose + ∗
F

(1)
T

(1)
F

(1) + ∗
F

(2)
T

(2)
F

(2)

� 3 �
G ' Gclose+

∗
F

(1)
(
T

(1) + ∗
Y

(1→2)
T

(2)
Y

(1→2)
)

F
(1)

• > 6�?A@)B�CEDF/�G HJILK M
Gbs,bt ' ∗Vbs,btTbs,btUbs,bt + /�6�68796

• NPO2N MA<FCRQ / ST796�Q CU< HJILK VW?5D GP7X/�< @)7YD
68/�Z5?A[=68/ CU-\-]D_^L/ G

bs,bt(xs, xt) `a<
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n ^)/�@ D = | ~D| > v = |~v|, D&^)/k@
ei|

~D+~v|

i| ~D + ~v|
=

∞∑

n=0

(−1)n(2n+1)h(1)
n (D)[jn(v)Pn(D̂ · v̂)]

<�/�6�[0/k< 7US o ?A-pD&[=q�7�-0/�<

r ?A@Ps9+ut B,sJ/ r 7J6�Q ?P-vC
injn(v)Pn(D̂·v̂) =

1

4π

∫

S2

eiŝ·v̂ Pn(D̂·ŝ)dσ(ŝ)

> 6�?A@PBkCwD&[07�@ 7USxD&^)/ <�/k6�[0/�< Dy7 L Dy/�6�Q <

� ò
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K̂ = kS2
  )s�.£¯+¢�¬+¨��1 ��� | + � � 3X®

¦���� - D = | ~D| > v = |~v|, � ��� -

(*��) ¥ ��� +  ü ® ei|
~D+~v|

| ~D + ~v|
'
∫

S2

ei~v·ŝ TL( ~D, ŝ) dσ(ŝ)

TL( ~D, ŝ) =
i

4π

L∑

n=0

in(2n+ 1)h(1)
n (D)Pn(D̂ · ŝ)

L
143�/ � ��3 � - 3 � / � � � +¨�

sup
~v∈Bk`

(

| ~D + ~v|
∑

n>L

(−1)nh(1)
n (D)jn(v)Pn(D̂ · v̂)]

)

︸ ︷︷ ︸

εL(~v, ~D)

≤ ε

� 3 �  ü ® ¦ 1¤� � ~D = k~d = k(cs − ct)
+.- � ~v = k[(xt − ct) − (xs − cs)]

�_þ
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� /�D K̂ <�7�Q / V�7�?A@)GP/kG <�/�D"��CR@PG
YL ⊂ L2(K̂), L = 0, 1, 2, ..., <F?)B�^ D&^WCED

YLYM ⊂ YL+M �
� /�D

• ΠL D&^)/ L2 qA687��u/�B�Dy796 7�@�Dy7 YL
•
∫

K̂

∼ <�7�Q / Z5?WC�GA6�CwD&?P68/ -vC n /���CUB�D [\@ Y2L

∫

K̂

t(x)e(x)dx '
∫

K̂

∼ ΠLt(x)e(x)dx

D&^)/k@
‖ � )d) ‖∞ ≤ ‖t‖2

(
‖ΠLe− e‖2 + ‖ΠLe− e‖∞

)

(+εmach‖t‖∞‖e‖∞)

���
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r 796�Q ?A-vC M r 796�Q ?A-vC ��*"�
� ?ACUGA6�CwD&?P68/ M /���C�B�D ST796 ^WCU6�Q 79@A[=B S�?A@)B�D&[07�@)<

7US GP/���68/	/ < L+ Le ' 2L

68/kZ5?P[=6�/ ∼ L2 � CR?P<�< q�79[\@�DF<
� @�Dy/k6�q�79-vCwD&[07�@ M r r > � � �=�$�k��� �R�����A�
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¹»º½¼ ¾À¿E¼ Á�Â�ÃÅÄ ÆEÇÉÈ ¾ÊÂ ËuÂ�Ä Ì�Æ;¾Å¼ ¾Í¿�¼ Ì9Â�¾Å¼�Î�¾ÅÏÉÈ,Ç5ÈF¾ÐÌ9Â�ÏÉÎ�¾
xt

Á�Â�ÃÐÈ,ÇÑÇ¬ËÍ¿YÈ,Ã½Ò�¼8ºÓÏÔÎ
Bs

ÇÑ¼�È�ÕEºÖ¾ÊÂ Á�Â�ÃÅÄ
FBs(ŝ) =

∑

xs∈Bs

e−ik(xs−cBs)ŝ ρ(xs)

Ï � ¼ � ¾À¿E¼ Á=È,ÃÓ×�¼8ÇÉÕ ØÙÈ�Î�Õ ËuÂ�Ä Ì�Æ;¾Å¼
V Bt(xt) ' k

∫

S2

eik(xt−cBt
)·ŝ TL(kd, ŝ)FBs(ŝ)dσ(ŝ)

d = (cBs
− cBt

)

ÚwÂ�Ã
L

Ò�ÏÜÛ�¼�Î È�Î�Õ |d| → ∞

TL(~d, ŝ) → eik|d|

k|d| ΠL
(

δ(ŝ− d̂)
)

, d̂ =
d

|d|È�Î�Õ Ý�¼ Â�ÞE¾ÍÈ,ÏÔÎ ¾À¿E¼ Á=È,ÃÓ×�¼8ÇÉÕ È_Ì�Ì�Ã½Â�ß�ÏÔÄ È&¾ÅÏÑÂ�Î

V Bt(xt) '
eik|d|

|d| FBs(d̂) eik(xt−cBs)·d̂

�Tà
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å$Ã½Â�Þ�ÇÑ¼�Ä æ�¾À¿E¼ ¾Å¼8ÃÅÄ ºÓÏÉÎ ¾À¿E¼ º½¼8Ã½ÏÑ¼8º

TL( ~D, ŝ) =
i

4π

L∑

n=0

in(2n+ 1)h(1)
n (D)Pn(D̂ · ŝ)

ÏÔÎ�ËuÃ½¼�È,º½¼ ¼�ß;Ì9Â�ÎE¼�Î�¾ÅÏÉÈ,ÇÑÇaç Ýx¿E¼�Î
n→ ∞

|h(1)
n (D)| ' 1

ε

Ý ¿�¼�Î
D < n+ Cεn

1/3,

v Lε1 Lε2Db b b

L ' v + 1.8

(

v log2
10

(
1

εtarget

))1/3

�y� èW�	é¡� �&è)� ê���ëAì)í
εL(~v, ~D) ≤ εtarget.

î ê ï è)�kì D ð=ñ �y�X� ñyò �R�\�$ï ðp�&è �8�kñ�����ó�� �y� L

�ô�
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� èW�	é¡�
sup
~v∈Bk`

εL(~v, ~D)) ≤ εtarget ï è)�kì

max
~vc

max[εL(~vc, ~D)), εL+1(~vc, ~D))] < εtarget

ï è)�k�8� ~vc ð=ñ �9ì)� ��ø �&è)� ù ó��9��ì)��� �Uøx�&è)� ó�ëPê��
Bk` ú

~vc =
√

3k`(±1,±1,±1)

• �F��ë)� ï è)�kì k` �v���uû�� �kì)�9ë¬û2èü�
• ó���ìwýu�kó��&ëP�8� øT�J� þ$ìAðp�y� ` �

�ôÿ
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~v = 30(
√

3,
√

3,
√

3) � �������	��
��� �
− � log10(ε

L(~v, ~D)) � − � log10(104εmach maxTL( ~D))

-20
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 0

 5

 0  50  100  150  200 � ~D = 30(3, 3, 3) �

-20
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~v = 3(
√

3,
√

3,
√

3) � �����������
������� �
− � log10(εL(~v, ~D)) � − � log10(104εmach maxTL( ~D))
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k` = 30, εtarget = 5 10−3

~D/k` εL L

�%$&�'$(�)$*� +',.-	- 10−3 / $
�%$&�)0&�)$*� $(, / $ 10−3 /&1
�203�)0&�)$*� +', /	4 10−3 /	5
�%03�603�708� +',.$80 10−3 / +
�%$&� 1 �)$*� +',:9�- 10−3 /	5
�203� 1 �)$*� $(,:9;+ 10−3 /	5
�203� 1 �70<� +',=0>- 10−3 /&1
� 1 � 1 �)$*� +',:9�$ 10−3 /	5

~D/k` εL L

� 1 � 1 �)0<� +',:9 / 10−3 /&1
�%$&� 5 �'$*� $(,:9 4 10−3 /	5
�203� 5 �'$*� $(,=? 1 10−3 /	5
�203� 5 �)0<� +',@+ / 10−3 /	5
� 1 � 5 �'$*� +',@+*$ 10−3 /	5
� 1 � 5 �)0<� +',.$ 5 10−3 /&1
� 5 � 5 �'$*� 0&,=0 / 10−3 /	5
� 5 � 5 �)0<� $(, 5 0 10−3 / 0

LChew = LLambert = 64!

��A
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k` = 0.5, εtarget = 5 10−3, εmachine = 10−16

~D/k` εL L

�B$ �.$(�'$*� 03,.$<0 10−3 ?
�B$ �=0&�'$*� +C, 4 ? 10−3 ?
�%0D�=0&�'$*� +C,.$ 5 10−3 ?
�%0D�=0&�)0<� +C, 4 ? 10−3 9
�B$ � 1 �'$*� +C,@+E- 10−3 +
�%0D� 1 �'$*� $&,.$ 5 10−3 ?
�%0D� 1 �)0<� $&, 5 + 10−3 9
� 1 � 1 �'$*� +C,:9	0 10−3 /

~D/k` εL L

� 1 � 1 �708� / ,=0>$ 10−3 1 0
�B$ � 5 �)$<� +C,.$8- 10−3 ?
�%0D� 5 �)$<� +C, / 0 10−3 /
�%0D� 5 �708� +C,.-8- 10−3 9
� 1 � 5 �)$<� $&,=0 / 10−3 /
� 1 � 5 �708� -&, 4 + 10−3 1 0
� 5 � 5 �)$<� $&, 5 + 10−3 9
� 5 � 5 �708� -&,:9>0 10−3 1	1

⇒ F ÇÉÈ,º½º½ÏÉË�È_ÇAÚHG G Á=È,ÏÑÇÑºÐÁ�Â�ÃDI Õ�Ï Ã½¼�Ë.¾ÅÏÑÂ�ÎEº
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X   Y2µ9· · «"°Fô«;²¸³ Z µ9°F· ä)²¸®
[ �9��ò ëA�v� ï ðp�&è ��é9�RìL�kñ�ó	�kì�� ï ��é2�kñ

å$Ã½ÏaÛ;ÏÑÇ ¼8Ò�Ï ¼�Õ \ ÏÑÃ½¼�Ë.¾ÅÏ Â�Î
ẑ
æ ~D · ẑ > 0

] Â�ÇaÛ�¼
k2u+ ∆u = −δ(x, y, z) ÏÔÎ

z > 0Ý»ÏÜ¾À¿ ÚwÂ�ÆEÃ½ÏÑ¼8Ã ¾ÊÃÊÈ�Î�º Á�Â�ÃÅÄ ÏÔÎ
(x, y)

eik
√
x2+y2+z2

√

x2 + y2 + z2
=

∫ ∞

0

J0(λ
√

x2 + y2)
λez

√
k2−λ2

√
k2 − λ2

dλ

• λ ∈ [0, k[ ú �A�8�J����û2�w�&ð�é¡� ï ��é¡��ñ
• λ ∈]k,∞[ ú ��é9�Uì)��ñyó���ì�� ï �	é¡�kñ

J0(λr) =
1

2π

∫ 2π

0

eiλr cos(ψ−ψ0)dψ,
È�Î�ç

ψ0

��^



X   Y2µ9· · «"°Fô«;²¸³ Z µ9°F· ä)²¸®
[ �9��ò ëA�v� ï ðp�&è ��é9�RìL�kñ�ó	�kì�� ï ��é2�kñ

~x = xt − cBt
+ (cBs

− xs), ~d = cBs
− cBt

G(~d+ ~x) = Gprop(~d+ ~x) +Gevan(~d+ ~x)

�A�8�9� � ŝ ∈ S2
+ = S2 ∩ {ẑ · ŝ > 0}

Gprop(~d+ ~x) =

∫

S2
+

ik

2π
eikŝ·

~d eikŝ·~x dσ(ŝ)

¼uÛ�È � ~k =







√
k2 + λ2 cosϕ

√
k2 + λ2 sinϕ

−iλ







C = [0,∞[×[0, 2π]

Gevan(~d+ ~x) =

∫

C

1

2π
ei
~k~d ei

~k·~x dσ(λ, ϕ),

ÿ\�



X   ã °�µ9´)®`_J®�¨y£2aR« § ®baR«"ö
c �U�.é¡�edañ �F��ð=ó)f �\�\�

�8���W�v�Uó�� S2
+ êhg S2

Gp(~d+ ~x) =

∫

S2

eikŝ·~xT̃ (~d, ŝ) dσ(ŝ).

T̃ (~d, ŝ) =
ik

2π
eikŝ·

~d 1S2
+
(ŝ)

î �v�RìL� ï ��é¡��ñ ' èW����ò ��ìAð=ó ø�ëAìPó��_ð0�9ìPñ

eikŝ·~x = ΠL
(
eikŝ·~x

)
+ εL(~x, ŝ)

⇒ Gp(~d+ ~x) '
∫

S2

eikŝ·~xTL(~d, ŝ) dσ(ŝ).

T (~d, ŝ) = ΠL

(
ik

2π
eikŝ·

~d 1S2
+
(ŝ)

)

i
Π

L jlknmpo%qsr�tumpkem�vwtumxt�y*q{z}|*y*q�~�yE��kn��~lm����*qs�pknqsq
< L

~��
ÿTà



X   � ³�aw®Y¥9¨�®`_U«"ö

• [ ëAìPó��&ð0��ì �y� ê�� ð\ì9�F��û����E�F��í ð=ñ �R�\ò �Jñ8� �Uì
èW����ò �9ìAð=ó ø�ëPìPó��&ð0�9ì �½��ñ øT�9� �&è)� ëPñyëW�R������� �

⇒ ñF�Rò � �5ëW��íA���w�&ëP�8� ��ëP�0�

• � ñFëW�U���Íì��y�k�����9�v�w�&ð0��ì î �8� ó��kíAëP�8�

• � è)� ñ���� ��ø ~k ð=ñ �&è)� ñF�Rò �
øT�9� �&è)� ï è)���0� � íWð=�8��ó��&ð0��ì)ñ

K̂propag = kS2

⇒ FBs(~k) øT�9� ± x̂, ±ŷ,±ẑ

• � ó��Uì ëPñ�� ��� �9� ��� øT�J� íAð��{�k�8�kì�� ~d

ÿô�



X   � ª5« ¨�°F®�¥)ö�²¸®�¨y£�µ�¥  äP¥ ��¨y£�µ�¥
¡ ��ï øT�J��ò ëA�v�)�\�\�

] Ì�¿ �£¢ È,ÃÅÄ � Y m
n (θ, ϕ) =

√

2n+ 1

4π
P̃ |m|
n (cos θ)eimϕ

P̃
|m|
n ú ¤¦¥'¥l§©¨bªp¤¬«�'® ¯°�±{³²´®¶µ( ·³¸�²´¨�«pª�§¶²�¥ �

TL(~d, ŝ) =
L∑

n=0

∑

|m|≤n
Tmn (~d)Y m

n (θs, ϕs)

Tmn (~d) =
∞∑

p=|m|
ip+1jp(k|~d|) γ|m|

p,n Y
m
p (θd, ϕd)

γµp,n =
P̃ µ
p

′(0)P̃ µ
n (0) − P̃ µ

p (0)P̃ µ
n

′(0)

p(p+ 1) − n(n+ 1)

⇒ ø �Uñ8� ó���ò �Wë5�_�E�_ð0�9ì �Uø TL
ÿôÿ



X   ¹ «"¥¬«�°F®Y²0£2º�«"³ »¡®¼��µe!A£½� ¥�_R«�° Y2«�°&£p«�ö

imJm(v sin θ sinψ)eiv cos θ cosψ

=
∞∑

p=|m|
ip(2p+ 1)jp(v)P̃

|m|
p (cos θ)P̃ |m|

p (cosψ).

P̃m
` (t) = (−1)m

√

(`−m)!

(`+m)!
(1 − t2)

m
2

dmP`(t)

dtm
,

�w�Fñ��9ì�dañ �8��ñFëA�p� � ð\ì � èAð=íAí)��ì øT�9��ò ¾B�

è)��ì ψ = 0 �RìPí m = 0 ¿
ï � û9��� À���ó	�JêWð � ì¬û9�k� Á ����ð0��ñ

eiv cos θ =
∞∑

p=0

ip(2p+ 1)jp(v)Pp(cos θ)

ÿ��
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~w = ~x+ ~d ∈ Ω` :

Ω` = {(rw, zw), (rw, zw) ∈ `ω0} × [0, 2π]

6

0

1

4

ẑ

-
0 r̂3

√

2 4
√

2

ω0

Ge(~w) =
1

2π

∫ ∞

0

∫ 2π

0

ei
√
λ2+k2rw cos(ϕ−ϕw)ψ)e−λzw dϕ dλ

� ò ëPñ÷� þ�ìPí �&è)� � ëW�UíA���E�_ë)��� ��ëA�0� ��ì
[0,∞[×[0, 2π]

�Rì)í �Rì ð\ì��y�����$���v�w�y�J� �\�\�

ÿ��



X   Ä ä)®w³P°F®�¨yäL°�« Å
Æ �	é{Ç ú ���5ëAð=íAð=ñ8�F��ð=êWë5�y�kí ð\ì ϕ

È ÆYÈ�Õ{É�Á�Â�Ã ∫ ∞

0

ei
√
λ2+k2rw cos(ϕj−ϕw)e−λzw dλ?

• � è)� �J�¬�&ð\ò �R� �v�	ï íP�����kìPíAñ �9ì k` � �R�\�0�kì��
ú Ê �8���kì¬û¡����í Ë Ì �U�.éAð\ìÍdañ ò ���&è)� í
• �Íì��y���������v�E�_ð0�9ì ð=ñ ���9ñ�ñFð=êW�0� êWë5� èW�U��í �½�
ð\ò �W�\ð0��ñ �½ð\ò �A�\ð=ókðp�y�k�2g�� ø�ëA�\� ò �w�F��ð=ó	��ñ ú

[Int]
λ−q ,ϕ

−

i

λ+
p ,ϕ

+

j

Î �9ñ÷�&�2g � ��û��J��ðp�_èPò

⇒ Ï �Y���_�0�kì)��ó7f ��ø �&è)� ò ���&è)�Xí

ÿ�A
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Ge(~w) =
1

2π

∫ ∞

0

∫ 2π

0

ei
√
λ2+k2rw cos(ϕ−ϕw−θλ,k)e−λzw

λ û2ð�é¡�kì�¿5ï � ñ���� φ = ϕ+ θλ,k

cos θλ,k =
λ√

λ2 + k2
, sin θλ,k =

k√
λ2 + k2

,

Ge(~w) =
1

2π

∫ ∞

0

∫ 2π

0

ei
~k(λ,φ)·~w

ï ðp�_è ~k(λ, φ) = λ








cosφ

sinφ

−i








+k








− sinφ

cosφ

0








� è)� �WèA�Uñ�� ð=ñ ì)��ï �\ð\ì)���U� ð\ì λ ¾
k íP�X��ñ ì)�Y� �Xó�ó�ëP� ð\ì �&è)� ð\ì��y��û��y�U�Öð\ì λ ¾

ÿ�J
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• Ò ëW��íA���w�&ëP�8� ú ñF�Rò � �&èW�Rì �&è)� �9ì)� øT�J�
k = 0

(λq, $q) =

(
1

`
λ̂q,

1

`
$̂q

)

, q = 1, . . . Q

ï è)���8� (λ̂q, $q) ð=ñ ��í��U�¬�y��í øT�J� ω0

� Ê �8�	��ì5û¡�U��íÓ�
• Q(λp) ���5ëAð=íAð=ñ8�F��ð=êWë5�y�kí ���9ð\ì��Fñ ð\ì φ
• [ ð\�p�y�k��ð\ì¬û �&è)� �F�y�UìPñF�v�E�&ð0��ì ø�ëAìPó��&ð0��ìPñ ð\ì φ
• Ô �����J� ��ñ8�&ð\ò �w�y��ñÕ¾
• � ì9�F���������v�E�&ð0��ì ú ���{Ö ð\ì φ × ò �w�F��ð%Ø é¡��ó��y�J�

�P���XíWëPó�� ð\ì λ

F (
1

2
λp, ~v) '

Q
∑

q=1

Mp,q F (λq, ~v), ∀~v ∈ ñ���ò � ñ����

ÿ�W
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Ù Ú¦ÛÝÜ ð%Ø é{Þ�ó Û(ßeÜ àáÜEß íAëPó Û ø ßeÜ Û è�Þ â��äã¦â

• Ê Þ ß ò Þ ÛÝÜ g ú Û èPð\ì ó6gáå\ð\ì)íxÞ Ü
• æ Ú íWð\ëPñ ú ç ï Ú é{ÞÕåuÞkì¬û�è Û
• 30000

ÛÝÜ ð Ú ì5û�åuÞ�ñÕ¿ 45000 í ß ø ñ
• 135000 Ê Ú ëPñyñ àÓß ð\ì Û ñ
• è åuÞ�é�ÞÕå=ñ ß ø �����
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L é ö�ä êìë é ºlêîí é µhï µeðÐí(ñ�ò óõô òõöÝö3÷hö
d→ 10 log10 |Vd|

d→ 10 log10 |Vd − V
fmm
d |
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L é ö�ä�êìë é öùê©í é ÷hï ÷hð�í(ñ�òlúlô òÕöÝö&÷eö
d→ 10 log10 |Vd|

d→ 10 log10 |Vd − V
fmm
d |
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û ÷hü ý�ê¼ö é}þ ÷hï ÿ é í(ñ ô���� óõô

� � Ú����
	���

L Q maxT (~κq) t ����� ε`2� ���
105 è �����

10−3

� ���
107 � �����

10−4

è ���
109 � ��� � 10−4

�  ��
1011 ç � ç ��� 10−4

 ç ��� 1019 ç è ç ��� 3103 
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