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��� ��KYI5QJ�AVXW�KMOZF.N²SaNb�JW5^EKY[jNhKs�
30
HaLg�Y�

z�m�� I����tW�[3L
k]IDVXW5QJd`LM[jW5Q
f(x)

CJSaF��JQE[jNsHJI9KeC

f(x) =

{
exp(−x)

�M[
x > 0

0
�v[

x < 0

§�I9k]d`^JklN.K
F (ν) = F [f(x)]

C¾[:m N5mjC�kjI¢LMKgI9QJ�vVXW5KYOZFhN©SaN��EW�^EKM[jNhK�� �c���DSaN
f(x)

N`LDN.Q SaFeSa^E[jKMN�kjI �c� SaN
f(3x)

N`L
k]IZ�c�±SaN
g(x)

CJSaF��JQE[jNsHJI9KeC

g(x) =

{
0

�v[
x > 0

exp(x)
�M[

x ≤ 0

����� �
	��
��
i�� 1W�Q�LYKMN.K?\R^ENbk�T W5Q1H7Nh^aL²LMKYW5^E¤�NhKcV I�d`[jklN.OZNhQRL

a
N`L

b
LYNhk¾\R^EN

h(x) = exp(−|x|) = f(ax) + f(bx)
NhL?NhQSaFeSa^E[jKMNsk]IZ�c�±SaN

h(x)
m ����� �
	��

�:d.� �t[�W5Q d`W5Qi�v[]S��hKYNs\R^ENsklNb�MH7N.d�LYKMNbS½T I5OPHJkl[lLM^JSENbN.�vL
Qt^EklkjNskjW5Kg�M\R^ENs�MW5Q I9OZHEkj[3LY^JSaNbNe�AL
[jQaVXFhKY[jNh^EKYN��
1 � SEN�YI1¤wI9kjNh^EKDOZI��a[lO	I9kjN5C�Ir¤5Ned/\R^ENhkjklN©HiF.KM[jWaSaN�SUT F.dgfiI9QRLM[jklkjW5QJQJI9u�N

T
N O	I��t[jO	I9kjN,� I5HEHEKYW��a[lO	IwLY[3Vg�bSaW�[3L W�QF.dgfiI9QRLM[jklkjW5QJQENhK

h(x) � ����� ��	��
� SJ� �t[aW�Q QEN»KYN.�MHiNed�LMN�HJI���dhN`LMLMN�VXKMFe\R^ENhQJdhN�S½T FedgfJI9QRLM[jkjklW�QJI9u�N·OZ[lQE[jO	I9kjN5C9\R^EN.kRNe�AL�kjN¨QJW5O Sa^PHEfEF.QEW5O �.QEN�\R^E[�MNsHEKMWaSa^J[3L � =?[lKYNbd`W�QJd`K!�`LYNhOZNhQRLGdhNb\�^J[��vNsHiI5�Y�vN_kjW5Kg�cSaNskjIZ¤t[]�v^iI9kj[j�YIwLY[lW�Q�SaNbdhNb�v[ju5QiI9kUF.dgfiI9QRLM[jklkjW5QJQEF�M[�d`N_HEfEF.QEW5O �.QENb�vN_HEKYWaSa^E[lL
N`L
SaW�QEQENhK
SENh^���OPFhLMfEWaSaNe�cH7W5^EKcKYF.�MW5^JSEKMN_d`N_HEKYW"
Ek#�hOZN�m ��$�� �
	��
� Ne�&%�I9KZk]I¢OZF`LYfEWaSaN1SaN�¤�W9LYKMN�dgfEW5['�UC�LYKMW�^E¤5N.KDkjN�KYF.�M^EklLYI9LZSaN�k�T N��tHJKMNe�M�M[lW�Q±d`[cSaNe�M�MW5^i�DSEI5QJ�PkjI�\R^ENhkjklN (

∗)SaFe�v[ju5QEN_k�T W�HiF.KYI9LMN.^EK
SaNsd`W�QR¤�W5kj^aLM[jW5Q�m
f(x) ∗ f(3x). < 4

HELY�
>

* m
��KYW5^E¤�NhK�klNsKYF.�M^EklLYI9LcSENsk:T N+�aHEKYN.�Y�v[jW5Q�C
sin πx

πx
∗

sin πx

πx
. < 4

HELY�
>

, m
��KYW5^E¤�NhK�klNsKYF.�M^EklLYI9LcSENsk:T [lQRLYFhu5KgI9kjN_�v^E[j¤wI9QRLMN�C
I =

∫ +∞

−∞

( sinπx

πx

)2
dx.

HJI9K»k]IZOPFhLMfEWaSaNsSaNs¤�W9LYKMNsdgfEW�[-�Um ����� �
	��

.0/ �2143 	.�
57698 �7: ;·Q ^aLM[jkj[j�YI9QRL
Sa[jKMNed�LMN.OZNhQRL
kjIZSaF��JQE[lLM[jW5Q1SaNsk]IZ�c�¨C

F (ν) = F [f(x)] =

∫ ∞

0

f(x) exp(−2πjνx) dx =
−1

1 + 2πjν

[

exp
[
−x(1 + 2πjν)

]]∞

0

=
1

1 + 2πjν
. < 3 pts >

%¾W5^EKbd.I9k]d`^EkjNhKsk]I1�c� SEN
f(3x)

C½W�QÂ^ELM[jkl[]�vN	k]I HEKYW5HEKY[jF`LMF	SaN/SE[lk]IwLgIwLM[jW5QoSaN	k]I1�c��C½[:m N5mjC
F [f(ax)] = 1

|a| F ( ν

a
)
C½W�QLMKYW5^J¤5N5C

F [f(3x)] =
1

|3|
F (ν/3) =

1/3

1 + 2πjν/3
=

1

3 + 2πjν
. < 2 pts >



%¾W5^EK dhI5kjdh^EkjNhK�kjI �c� SaN
g(x)

CcW�Q H7Nh^aL1^aLY[lkj[j�MNhK I9^i�M�M[_kjI±HEKMW�HEKY[lFhLMF SENÂSa[jk]IwLYI9LM[jW5Q LMW5^EL�N.Q �.T I5HiN.KYdhNh¤wI9QRL�\R^EN
g(x) = f(−x)

NhL
W5Q�LMKYW5^E¤�N5C
F [g(x)] = F [f(−x)] =

1

| − 1|
·

1

1 − 2πjν
. < 2 pts >

57698�� : B?Q1I
h(x) = exp(−|x|) = f(x) + f(−x)

CaNhLGSaNbd`N.kjIPW�Q�N.Q SEF.Sa^E[lLG\R^EN5C

F [h(x)] = F [f(x) + f(−x)] = F [f(x)] + F [f(−x)] =
1

1 + 2πjν
+

1

1 − 2πjν
=

2

1 + 4π2ν2
.

� ��� �
	��
57698�� : B?Q SaW5[lLGdhI5kjdh^EklN.K

|H(ν)|
CJkjN_OPWaSa^JklNbSaN

H(ν)
Ci\�^J[½Q½T �AL
I9^ELMKYN_\R^ENsk]IDVXW5QJd`LM[jW5Q HEKYF.dhF.SaN.Q�LYN��

|H(ν)| =
2

1 + 4π2ν2
< 1 pt >

|H(ν)| < 0.02
H7W5^EKb^JQENZVXKMFe\R^ENhQJdhN/SaN/SaN.OP[�� F.dgfJI5Q�LY[lkjkjW5QJI5u5NZSaN

ν ' 1.58
W5^Â^EQEN/H7FhKY[jWtSEN/SUT FedgfJI9QRLY[lkjklW�QJI9u�NPSEN

T
N

<≈ 0.3
m �	��� ��	��

57698�
 : §¨N/HJfEFhQEW�O �hQEN	Ne�ALDI5HEH7NhkjF/I9kj[jI��v[jQEuJCUKYNhHJkl[jNhOZNhQRLDSEN/�vH7N.d`LMKYN5C�OZW�[lKYF	W5^oNhQid`W5KYN	�vW�^J����FedgfJI9QRLM[jkjklW�QJI9u�N5m
� 576 $ � ��	��

§¨W5Qid`K!�`LMN.OZNhQRL.CEdhNsKMN.HEkl[jNhOZN.Q�LGSENb�vH7N.d`LMKYNs¤rI	dhKMF.NhK
SEI5QJ�
dhNb�v[ju5QJI5k½�vW�^J����FedgfJI9QRLM[jkjklW�QEQEF_SaN.�cfiI9^aLYN.�»VXKYF.\R^EN.QJd`Ne�HJI5KYI��v[lLMNe�ÁHEKYWw¤5N.QJI9QRL»SaN_kjIP�vW�OZOPNsSaNe��fJI9^aLYN.��VXKYF.\R^EN.QJd`Ne�¨H7W��M[lLM[lV �»N`LcQEFhuRIwLY[3V �»SaNsd`Ns�M[lu�QJI9kUSa^ I9^�HEfEF.QEW5O �hQJN_SENKYNhHEkj[lN.OZNhQRL
�vH7N.d`LMKgI9k�m � 546 $ � ��	��
%¾W5^EKcKYF.�MW5^iSaKMN²d`NsHEKYW"
Jk'�.OPN�Ca[lk�N+�a[j�vLMNsSaN.^����MW5kj^aLY[lW�QJ���
ze��
ÁdgfiI9QRLM[jklkjW5QJQENhK �P^EQENsH7FhKY[jWtSEN_S½T FedgfJI9QRLM[jkjklW�QJI9u�N?HEkj^J�»H7N`LY[3LYN5m � 5 � ���
* �cB?^&�JklLMKYNhKcHJI��M�MN��9
JI5��kjNb�v[ju5QiI9k�HiW�^EK
\R^ENbd`N_KYNhHEkj[jNhOZNhQRLG�MHiNed�LMKgI9kUQ�T I5[UHJI5�»kj[lN.^½m � 5 � ������GW9LgI/naSa^ d`W5^JH/W5Q�[lQRLMKYWaSa^E[jKYI Sa^��iW5^©SEI5QJ��klNe�»SaF`LgI9[jkj��SaN_d`N`LMLMN²[lO	I5u5N?�MW5^i�¨FedgfJI9QRLY[lkjklW�QEQEF.N���dhN²\R^E[�N.�vL�LMW5^ELSaNsO��hOZN_HEKYF`VXF.KYI"
EklN��Pk�T [jQRLMKYWtSE^Jd�LY[lW�Q�SaNsfiI9^aLYN.��VXKYF.\R^ENhQid`N.�»HiI9KgI5�M[3LYN.��[lQiSa^E[]�MI5Q�LGSEN.�cI9KMLMNhV I5d`LY�c�M^EKck:T [jOZI5u5N�m �
57698 � : �½NZHEkj^J�s�M[lOZHEkjNPN.�vLsSENPKYF.�MW5^iSaKMNPd`NhLvLMNZN��tHJKMNe�M�M[lW�Q,SEI5QJ�_klN	SaW�O	I9[jQEN VXKYF.\R^EN.QRLM[jNhk¾NhQo�vN	�MNhKY¤wI9QRL²SaN	dhN

\R^½T W5Q IPd.I9k]d`^EkjNhK �Pk]IZ\�^JN.�vLM[jW5Q 57698 �7:GHE^J[j�
SEN?LYKMW�^E¤5N.K»kjI	�c� [jQt¤5N.KY�MN²SENbd`N`LMLMNb�MW5kj^aLM[jW5Q�miB?Q�I
F
[

f(x) ∗ f(3x)
]

= F [f(x)] · F [f(3x)] =
1

(1 + 2πjν)(3 + 2πjν)

=
1/2

1 + 2πjν
−

1/2

3 + 2πjν
.

;�LGSaW�QJd9C
f(x) ∗ f(3x) = F−1

( 1/2

1 + 2πjν
−

1/2

3 + 2πjν

)

= F−1
( 1/2

1 + 2πjν

)
−F−1

( 1/2

3 + 2πjν

)

=
1

2

(
f(x) − f(3x)

)
. < 4 pts >

� 6 B?Q�KYF.�MW5^aL
dhN`LvLYNsF.\R^JI9LM[jW5Q SEI9QJ�»kjNsSaW5O	I5[lQENsSaNb�JW5^EKY[jNhKem
sinπx

πx
∗

sinπx

πx

F

 Π(ν) · Π(ν)

= =
sinπx

πx

F

 Π(ν) < 4 pts >



� 6 ��KYW5[]�·H7W��Y�M['
E[jkj[3LYF.�.m ��IsHJKMN.OP[#�hKYNc^aLY[lkj[j�MNGk]IbdhW5QEQJI5[j�Y�YI9QJdhN»SEN
kjI �c�,[jQt¤5NhKg�MN
SaN
k]I_VXW5QJd`LM[jW5Q/\R^EN
k�T W5Q	[jQ�L!�hu�KMN�C\R^E[½Ne�ALck]I VXW�QJd�LY[lW�Q�LMKY[jI5QEu5kjN
4(x)

m

I =

∫ +∞

−∞

(
sin πν

πν

)2

dν =

∫ +∞

−∞

(
sin πν

πν

)2

exp(−2πjν(x = 0)) dν

= F−1

[(
sinπν

πν

)2]

x=0

= 4(x = 0) = 1.

=?Nh^��a[#�hOZN �MW5kj^aLM[jW5Q �iKMN.OZI5KY\R^EN.K
\R^ENbkjNbKMFe�v^Jk3LgIwL?SaNDd`N`LMLMND[lQRLMF.u5KgI9kjNbd`W�KMKYN.�MHiW�QJS �	kjI/¤rI5klN.^EKD� NhQ
x = 0

�cSENbkjIVXW5Qid�LM[jW5Q
sin πx/πx ∗ sinπx/πx

� I5^aLMW � dhW5KYKMF.kjI9LM[jW5Q©SENskjIDVXW5Qid�LM[jW5Q
sin πx/πx

�»NhL
W5Q�LMKYW5^E¤�N5C

I =

∫ +∞

−∞

(
sin πν

πν

)2

dν =

(
sinπx

πx
∗

sin πx

πx

)

x=0

=

(
sinπx

πx

)

x=0

= 1.

��KMW�[j�M['�.OZN²�MW5kj^aLM[jW5Q �aW�Q�^ELM[jkl[]�vNsk]IZd`W�QJ�vN.KM¤wI9LM[jW5Q�SENsk:T FhQEN.KMu�[lNsSEI5QJ�»kjN.�cSaN.^���Ne�vHJI�d`Ne�¨NhL
W5Q I �

I =

∫ +∞

−∞

(
sin πν

πν

)2

dν =

∫ +∞

−∞

Π(x)2 dx = 1.

���
Q¢SaNe��LMKYW5[]�»OZF`LMfJWtSEN.�cSaW�QEQJI9[lL ����� ��	��	�

� ��� ��[jk3LYKYI5u5N	� ,�* HaLg�Y�
z�mG�tW5[lLcklN �JklLMKYNZz.= �MHJI9LM[]I9k½\R^E[UKYF.I9kj[]�vN�CE�v^EKckjNs�v[ju5QiI9kU^EQE[]Sa[jOZNhQJ�M[lW�QEQEN.k

f(x)
CEk�T W�HiF.KYI9LM[jW5Q �v^E[j¤wI9QRLMN�C

f(x) − k
∂2f(x)

∂x2
.

�Azr�
� I�����KMW�^E¤5N.K�k�T N+�aHEKYN.�Y�v[jW5Q�OZI9LMfEF.O	IwLM[]\R^EN_N`Lck�T I5klkj^EKYN_SEN²k]IPKMF.HiW�QJ�MN?VXKYF.\R^EN.QRLM[jNhkjklN	�XOZWaSa^EkjNbSaN_k]IP��KgI9QJ�vVXW5K �OZFhNbSaNs�JW5^EKY[lN.Kg��SaNbdhN �Jk3LYKMNsH7W5^JK

k > 1
m ��$ � �
	��

��
i�&;·Q SEF.Sa^E[jKYN�klN�L��tH7NÁSaN �JklLMKYNÁSaW�QRL�[lk��hT I9u�[3L½H7W5^EK
k > 0

C.N`L�KgI9HEH7NhkjNhK·�:d�VAmeQEW9LYN.�½SENÁd`W�^EKY�g��\R^ENhk5HEfEFhQJW5O �hQENd`N �JklLMKYN²VXNhKgIZI9HEHJI5KYI��jLYKMN?NhQ�KYI5HEH7Nhk]I9QRL»�MW5Q�kj[lN.Q�Ir¤�N.d?klNs���t�vL �.OZN²¤t[]�v^JNhk�ft^EO	I9[jQ�NhLGSaW5QEQJNhK �JQJI5klN.OPN.QRL� �Zk�T I9[]SaNsSUT ^JQ�u�KYI5HEfE[]\R^ENe���MW5Q�N	��N`LG�M^EKc^EQ1�v[ju5QiI9k¾z.= N.Q N.�YdhI9kj[jNhKem ��$�� �
	��
�:d.��
?^EN.kUK���klN�
AW5^JN

k (> 0)
SJI9QJ�cdhN �ik3LYKMN � �	��� �
	��

� SJ� �t[¨W5Qod`W5Qi�v[]S��hKYNZklN	O	I��M\R^EN/SaN/dhW5Qt¤5W�kl^ELM[jW5Q
[1 × 3]

� [:m N5mjCÁzZkj[lu�QEN	N`L , dhW5kjW5QEQJN.�g�
LYKYI�Sa[lLM[jW5QEQEN.klkjNhOZN.Q�L
SaW�QEQEF/H7W5^EK k:T W5H7FhKgIwLYNh^EK

∂
2

∂x2

C�SEW5QEQEN.KbkjN	OZI��M\R^EN/SEN/d`W5Qt¤�W5kj^aLM[jW5Q
[1 × 3]

\R^E[·KYF.I5kl[]�MNPk�T 
Á\R^JIwLY[lW�Q �Aze�H7W5^EK
k = 1

m ����� �
	��
� Ne�&;·QD^aLM[jkl[]�YI9QRL�kjNÁO	I5�Y\R^ENÁSaN�d`W�QR¤�W5kj^aLM[jW5Q

[1×3]
LYKMW�^E¤5F �GkjI?\�^JN.�vLM[jW5QsHEKYF.dhF.SaN.Q�LYNG� \R^EN�k�T W�QbI9HEH7NhkjklN¨HJI9K�kjI

�M^E[3LYN
h(x)

�`C5^aLY[lkj[]�vN.K·kjI_�c�
H(ν) =

∑+1
x=−1 h(x) exp (−2πjνx)

HiW�^EK¾LMKYW5^E¤�NhK��YI?KYFhH7W5Qi�vN�VXKYF.\R^ENhQRLY[lN.klkjN
��� � �
	�� N`LDdhW5OZHJI5KMN.KbkjI,Ir¤5N.dZk]I1KYFhH7W5QJ�MN	VXKYF.\R^EN.Q�LY[lN.klkjN/W�
aLMN.QR^JN0�1k]I¢\R^EN.�vLM[jW5Q �:I���m %¾W5^EKg\R^EW5[¨d`N.�SaN.^���KYFhH7W5QJ�MN.�¨VXKYF.\R^EN.Q�LY[lN.klkjN.�c�MW5QRLcNhkjkjN.�
Sa[���FhKYNhQRLMNe� ��� ^J�vLM['�JNhKc¤�W9LMKYN²KMF.HiW�QJ�vN�m ����� �
	��

* mG�tW5[lLcOZI5[lQRLYNhQJI5Q�LckjN �JklLMKYNPze= �MHJIwLY[jI5k½SaNskjIDVXW�QJd�LY[lW�Q
f(x)

\R^E[½KYF.I9kj[]�vN²k:T W5H7FhKgIwLY[lW�Q��M^E[j¤wI9QRLMN

f(x) + k
∂2f(x)

∂x2

� * �
� I�����KMW�^E¤5N��?k�T N��aHEKMNe�M�M[jW5Q/O	IwLYfEFhO	I9LM[]\�^JN²NhLck:T I9kjkl^JKMNsSaN_k]I KYFhH7W5QJ�MN?VXKMFe\�^JNhQRLM[jNhkjklN	� OPWaSa^JklNsSaN_k]IP��KgI9QJ�vVXW5K �OZFhNbSaNs�JW5^EKY[lN.Kg��SaNbdhN �Jk3LYKMNsH7W5^JK

k > 1
m � ��� �
	��



��
i� �t[7W5Q	d`W�QJ�M[jS��.KMNckjN
O	I5�Y\R^ENGSaN?d`W5Qt¤�W5kj^aLM[jW5Q
[1×3]

�X[�m N�mlCiz
kj[lu�QEN , d`W�klW�QEQENe�Y��LYKYI�Sa[lLM[jW5QEQEN.klkjNhOZN.Q�LÁSEW5QEQEF
H7W5^EK_k�T W�HiF.KYI9LMNh^JK

∂
2

∂x2

CUSaW5QJQEN �PklNPO	I5�Y\R^ENPSENPdhW5Qt¤5W�kl^aLY[lW�Q
[1 × 3]

\R^E[¾KYF.I9kj[]�vNDk:T 
Á\R^JIwLY[lW�Q � * �GHiW�^EK
k\R^ENhk]d`W�QJ\R^EN5m ����� ��	��

�:d.�&;·Q	SaFeSa^E[jKMN�klNe��¤rI5klN.^EKg��SEN
k
HiW�^EK¾klNe�M\R^EN.kj��k�T 
¨\�^iIwLM[jW5Q � * ��[lOZHEkjFhOZNhQRLMN»^EQ �JklLMKYN¨HiI5�Y�vN � 
JI��hm �	��� �
	��

� SJ� � \R^EW5[UNe�AL
Fe\R^E[l¤wI5klN.Q�LckjN �JklLMKYN?LYKMW�^E¤5F_N.Q * mj�:d.��H7W5^EK
k = 0.25 � �	��� �
	��

.0/ �2143 	.�
5 8 �7: 6 ��I�LYKYI5QJ�vH7W��M[lLM[jW5Q_SEI9QJ�½klNÁSEW5O	I9[jQEN·SaN·�JW5^EKY[lN.K½Ir¤5Ned�k]Icd`W�Qt¤5NhQRLY[lW�Q

f(x)
F
� F (ν)

�MN¾V I9[lL�[lOZOZF.SE[jI9LMNhOZN.Q�L
N`L
W�Q©LYKMW�^E¤5N�C

f(x) − k
∂2f(x)

∂x2

F

 F (ν)

[
1 − k(2πjν)2

]
= F (ν)

[
1 + 4kπ2ν2

︸ ︷︷ ︸

H(ν)

]
. < 2 pts >

=²I9QJ�¨klN²SaW5O	I5[lQEN²�vH7N.d`LMKgI9kjN5C
|F (ν)|

N.�vLcSaW5QJdGO ^EklLM[jHEkj[lF²HJI5Kk]I VXW�QJd�LY[lW�Q�SEN_LMKgI9QJ�vVXNhKML
H(ν) = 1 + 4kπ2ν2 CESaW5QRL
kjNsOPW �Sa^EkjN_N.�vL

|1 + (4kπ2ν2)|
m � 5 � ���

� ¤5N.d
|H(ν)|ν−→0 −→ 1

NhL
|H(ν)|ν−→∞ −→ ∞

m �·T I9k��kj^EKMN N.�vL SEW5QEQEF HJI9K�kjN u�KYI5HEfEN dh[²dhW5QRLMKYN � HiW�^EK
k = 1

��m
�	� � ��	��
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57698�� : ><k��.T I5u5[lL
SaW5QJd_SUT ^EQ �JklLMKYNsKMN.fJI9^i�M�MNh^EK»SaNbdhW5QRLMW�^EK.m � 546 $ � ���§¨N��JklLMKYNsVXN.KYI	I5HEHJI9KgI �]LMKYN_klNe�������	��

����
����	����� � 5 � ��� HJKMW�HEKMNsI5^¢� �a�vL �hOZNb¤t[]�v^JNhk½ft^EO	I9[jQ � 5 � ��� N`L?\R^E[VXNhKgI�I9HEHJI5KYI��jLYKMNDd`W5OZOZNP[lQRLMN.QJ�M[3LYFPH7NhK��`^�C��M^EK_^EQo�v[ju5QiI9k»z.= NhQÂN.�YdhI5kl[jNhKeC7N`L²LMW5^ELsdhW5OZOZNDkjN��JklLMKYNDHEKYF.d��.SaN.QRL²^EQJN[jQ�LYNhQJ�M[lLMF/� dhW5OZOZNsd`NhkjkjNsHiN.K��h^EN_HJI9Kck�T WtN.[lk½ft^EO	I5[lQi�¨NhLGd`W5OZOZN_OZW5QRLMKYFsSEI9QJ�»kjNsu5KgI9HJfEN²dh[ �<SaNe�M�MW5^J�.C

� 546 $ � �
	��
57698�� : ><kEd`W5QRLYK���klN.KYIJC`HEKYW5H7W5KMLM[jW5QEQEN.klkjNhOZN.Q�L �Gk]I?¤rI5klN.^EK�SaN

k
CwkjIGHEkl^i�¾W5^ OZW�[lQJ�¾I5OPHJkl['�idhI9LM[jW5QbW�^ KYNhfJI5^J�Y�vN.OPN.QRL

SaNe�cd`W5QRLYW5^EKg�hm �	��� ��	��
57698�
 : B?Q1IECaN.Q�^aLY[lkj[]�MI5Q�L
k�T W5H7FhKgIwLMN.^EK z � * z HiW�^EK

∂
2

∂x2

C

f(x) − k
∂2f(x)

∂x2
= f(x) ∗

[

δ(x) −
z � * z ]

= f(x) ∗
[1

3

| , |
−
z � * z ]

= f(x) ∗
�gz , �Yz

.



B?Q�LMKYW5^E¤�N²SaW�QJd_kjN²O	I��M\R^EN
[1 × 3]

SENbd`W5Qt¤�W5kj^aLM[jW5Q��v^E[j¤wI9QRL �Yz , �gz m ����� �
	��
5 8 ��: 6 �t[�W5Q I9HEH7NhkjklN

H(ν)
k]IP�c�¾= SEN �gz , �gz CJW5Q I

H(ν) =

+∞∑

x=−∞

h(x) exp (−2πjνx) =

+1∑

x=−1

h(x) exp (−2πjνx)

= − exp (2πjν) + 3 − exp (−2πjν) = 3 − 2 cos(2πν).
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|H(u)|

����� �
	��§¨N`LMLMN KYFhH7W5QJ�MN�VXKMFe\�^JNhQRLM[jNhkjklN Ne�AL	NhkjkjN I5^J�Y�v[c^EQ�KYNhfJI5^J�Y�vN.^EKPSEN dhW5QRLMW�^EKZO	I9[]�ZkjIo�c� �.T I9HEHEkj[]\�^JN�[]d`[
�M^EK	^EQJNVXW5Qid�LM[jW5Q¢SE[j�Yd`K!�`LYNbSaW5QJd_kjN �MHiNed�LYKMNsNe�ALG[]d`[��xVXW�KYdhFhOZNhQRLg��H7FhKY[jWtSE[j\R^EN SENsHiF.KM[jWaSaNbQt^EOZFhKY[j\R^ENb���Dz�mJ=?NbHEkj^J�
W�Q SEW5[lLd`W�QJ�M[jSaF.KMN.K	k:T N	��N`L�SaN¢k]I Sa[j�Yd`KYF`LY[j�YI5�Y�M[lW�QJ�	SaN¢k�T W�HiF.KYI9LMN.^EK/SaFhKY[j¤5F¢�MN.d`W�QJSaN¢\R^E[
N��aHEkl[]\R^EN,\R^EN0(vklWad.I9kjNhOZNhQRL ) d`NhLvLYNKYFhH7W5QJ�MN
VXKYF.\R^EN.Q�LY[lN.klkjN?dhW5OZH7W5KMLMN?\R^EN.kj\R^ENe�»Sa[j�Y�MNhO 
JkjI5QJd`Ne�Ád`W�OZHJI9KgIwLY[l¤�NhOZNhQRL �DkjID�c�ÂV I9[lL»�M^EK»�MI ¤5N.KY�M[lW�Q/d`W�Q�LY[lQt^½m
����� ��	��

�
W5LYI±n ;·Q±V I5[3LeC¾HiW�^EK��`LMKYN�HEkl^i�ZHEKMFed`[]�hC�[jk
�hT I9u�[3L�
E[lN.Q SE^±O��hOZN �JklLMKYN�NhLZW�Q±H7Nh^aL	kjN�dhW5QJ�vLYI9LMN.K V I�d`[jklN.OPN.QRLdhI5K.CJHiW�^EKGkjN.�GHiNhLM[lLMN.�?¤wI9kjNh^EKg�GSEN
ν
�XHJKMWadgfEN SEN

0
��C

cos(2πν) ≈ 1 − (2πν)2/2
NhL²SaW�QJd

H(ν) = 3 − 2 cos(2πν) ≈
3−2× (1− (2πν)2/2) = 1+4π2ν2 CR[]SaNhQRLM[]\R^EN �bkjI_VXW�QJd�LY[lW�Q/SaN
LYKYI5QJ�vVXNhKML�LMKYW5^E¤�F �sk]Ib\R^EN.�vLM[jW5Q1z�mj�:I��¾H7W5^EK k = 1

m
� 698 �7: B?Q©LYKMW�^E¤5N�C

f(x) + k
∂2f(x)

∂x2

F

 F (ν)

[
1 − 4kπ2ν2

︸ ︷︷ ︸

H(ν)

]
. < 2 pts >

;�LeC
|H(ν)| = |1 − 4kπ2ν2|

\�^J[½�vNsKYNhHEKYF.�MNhQRLYN²SEI5QJ�»kjNbSaW5O	I9[jQENsSaNe��VXKMFe\�^JNhQJdhN.�»HJI5K.C
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�	��� �
	��
� 698�� :

f(x) + k
∂2f(x)

∂x2
= f(x) ∗

[

δ(x) + k
z � * z ]

= f(x) ∗
[1

3

| , |
+ k

z � * z ]

= f(x) ∗
£ � * £��Dz £

.

B?Q�LMKYW5^E¤�N²SaW�QJd_kjN²O	I��M\R^EN
1 × 3

SaNbdhW5Qt¤5W�kl^ELM[jW5Q��M^E[j¤wI9QRL £ � * £��Dz £ m � ��� �
	��



� 698�� : �t[»LMW�^J�PklNe�PdhWtN��/d`[jNhQRL	SaN1d`N�OZI��M\R^EN SaN d`W�QR¤�W5kj^aLM[jW5Q±F`LYI5[lN.QRLPH7W��M[3LY[3VAC·I5klW�KY�Dk]I dhW5Qt¤5W�kl^aLY[lW�Q�HJI5KPdhN
O	I5�Y\R^END�MNDKYF.SE^E[lKgI9[lL ��^EQÂOZW��5NhQJQJI9u�NbN`L_W5QÂI9^EKgI9[lL?^EQ �JklLMKYNDHJI��M�MN��9
JI�����d`NZ\�^J[�Ne�ALsSaW�QJd kjNZdhI5�?H7W5^EK

k > 0
N`L

k < 1/2
m � ��� �
	 ��������	�
���
���
�������������������� �!��"$#�
��%"��'&)(+*�"%, �

� 698�
 : %�W�^EK
k = 0.25

CiW5Q � £ � * £��Dz £ � 1
4

z * z \R^E[¾Ne�AL_�v[jOZ[lk]I9[jKMNPI9^ �ik3LYKMN.-_I9^J�Y�v[jNhQ,W5^ 
E[jQEW�OP[]I9k
SaNsk]I9KYu5N.^EK

3
� N`LG\R^E[UNe�AL 
E[jNhQ HJI��M�MN��9
JI��ÁHE^J[j�Y\R^EN_LMW�^J�c�vNe�cd`WtN��/dh[lN.Q�Lg�c�vW�QRL»H7W��M[lLM[lV �Y�`m

� ��� �
	 ��������	�
���
���
�������������������� �!��"$#�
��%"��'&)(/*�"0, �

� � ���2143�57683�94:�;�:!<>=49@?BAC;�D�EF=�G � * yDHELY�g��mB?Q	d`W�QJ�v[]S��.KMNc^EQJNG�vN.u5OZNhQRLgIwLM[jW5QZ ¢I5KM£�Ww¤R[jNhQJQENcSaNh^��	d`k]I5�Y�MN.��SEI5QJ�·k]I5\R^EN.klkjNcW5Q	SaF��JQE[lL¨k]I²VXW5QJd`LM[jW5Q/SaN
H7W9LYNhQRLM[jNhkSa^ OZWaS��hkjN/+IH���0 6w��0Ud`W�OPOZNs�M^E[3Lbn
Vc(x) = (1 − δ(xs − xt))

m
z�mG�t[Jd`NhLvLYNcVXW5QJd`LM[jW5Q	H7W9LYNhQRLM[jNhkjklN?�hT I9HEHJkl[]\R^EN
�v^JK·KMNe�vH7N.d`LM[j¤5N.OPN.QRL·klNe�·d`kj[j\R^ENe� 
E[jQJI5[lKYN.�¾fEW�KM[ �hW�QRLYI9kjN.�¾NhLÁ¤5N.KvLY[jd.I9kjN.�.m


?^ENsd`Nhk]IZ¤5N.^aL
[jk�Sa[jKMNsHJf �a�M[j\R^EN.OZNhQRL � � [:m N5mjCi\R^EN.k��vW�QRL
klNe�
d`W�Q�LYKYI5[lQRLYN.�»OZWaSaFhkj[j�MFhNe�»O	IwLMfJFhO	IwLY[j\R^EN.OPN.QRL?�v^JKklNe��VXW5KYOPNe�c�vN.u5OZNhQRLYFhN.�»\R^ENsk�T W�Q�KYN.dgfJNhKgdgfEN²SJI9QJ�»k�T [jO	I9u�N � ��m ����� �
	��
* m ;·Q©KYNhkj[jI5QRL�d`NhLvLYN?VXW�QJd�LY[lW�Q/H7W9LMN.QRLM[jNhkjklN��bk]IDHEKMW�
JI�
J[lkj[3LYF?SUT Ir¤5W�[lK¨^EQEN_d`W�Q��Ju5^JKYI9LM[jW5Q

x
SUT F`LM[]\R^EN`LMLMNe�²� F`LY[j\R^ENhLvLMNHiWR�M�M['
JklN (hz ) W�^ (v| ) H7W5^JKPdgfJI�\R^EN©�M[3LYNe�sHiI9K k]I¢KYNhk]IwLY[lW�Q PX(x) = (1/Z) exp

(
−
∑

c∈C Vc(x)
)
)
C�LYKMW�^E¤5N.KbkjNKYI5HEHiW�KvL�SaN?HJKMW�
JI�
E[jkj[3LYF

PX(x = (a))/PX(x = (b))
W�J 8 �4:cNhL 8�� :G�vW�QRL¨kjN.�»SaNh^ �	dhW5Q��iu5^EKgIwLY[lW�QJ�Á�M^E[j¤rI5QRLMN.�.m

8 �7:
| | | || z z z| z z z| | | |

NhL 8�� :
z z z z| | | |z z z z| | | |

�LK � �
	��
, mG�t[¨W�Q�SaNh¤wI5[3LZdhI9k]d`^JklN.K QEW�Q HJI5� ^EQ�KgI9HEH7W5KMLDSaN�HEKMW�
JI�
J[lkj[3LYF©d`W�OZOPN©HEKMFed`FeSaNhOZOZNhQRLDO	I5[j� HJI9KDN+�aNhOZHEkjN/k]IHEKMW�
JI�
J[lkj[3LYF

PX (x = (a))
ma><QJSE[j\R^EN.K»dhW5O 
E[lN.Q�SaN?VXW5[]�»HEkj^J�»SaN_dhI9k]d`^Jk7W�Q�SaN.¤tKYI5[3L�V I9[jKMNZ� I5HEHEKYW��a[lO	IwLY[l¤�NhOZNhQRL��d`W5OZHJI5KYI9LM[j¤5N.OPN.QRL �PkjI	\R^ENe�ALY[lW�Q�HJKMFed`F.SENhQRLMN�m � ^J�vLM['�JN�� 
J[lN.Q�¤�W9LYKMN²KYI5[j�MW5QJQENhOZNhQRLem ��$ � ��	��

M mG�t[�W�Q,Ir¤wI9[lL?kjN OZWaS��hkjN QJNPdhW5OZHiW�KvLgI9QRL?\R^ENPSaN.�²d`kj[j\R^ENe�GfJW5KY[��.W5QRLYI5klNe� �XNhL_SEW5QJd HEkl^i�?SaNPd`kj[j\R^ENe�G¤�NhKMLM[]dhI5klNe�Y�`C[lQJSE[j\R^EN.K
\�^JNhk½�MNhKgI9[lL»kjNsQEW�^E¤5NeI9^©KgI9HJHiW�KvL
SaN_HEKYW"
JI"
E[jkl[lLMF
PX(x = (a))/PX (x = (b)) � � ��� ��	��

{Em 
?^ENhkUNe�ALck]I	Sa[ ��FhKYNhQid`N_O	I�
ANh^JKMN_NhQRLYKMN_kjN.�cSaN.^����vLMKgIwLYFhu5[jN_SaNb�vN.u5OZNhQRLgIwLM[jW5Q��v^J[l¤wI9QRLYNPn
� I����tN.u5OZNhQRLYI9LM[jW5Q1I9^1�MNhQJ�cSE^¢ 1¥Ã�  ,I �a[lOD^EO SENs¤RKgI9[]�MNhO 
JkjI5QJd`Nr� � LMNedgfEQE[]\R^ENbSaNsOZW5KYHEfEW�klW�u5[jN?O	IwLYfEF��O	IwLY[j\R^ENsH7W5^EK2(vQENhLvLMW���NhK»k]IP�MNhu�OZNhQRLYI9LM[jW5Q ) m��
i� �tN.u5OZNhQRLYI9LM[jW5Q  ¢I9KY£5Ww¤t[jNhQEQJN5m

� ��� �
	��

.0/ �2143 	.�
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%·^E[]�Y\�^JN k�T W�Q¢N.�Y�MI5[lNDSaN OZ[jQE[lOZ[]�vN.K?^JQENbVXW�QJd�LY[lW�Q,SUT FhQEN.KMu�[lN�Cid`N.kjI©¤5N.^aL²Sa[jKYND\R^ENbk�T W�Q¢¤wI	V Ir¤�W5KY[j�MNhK
k]I/�M[3LY^JIwLY[lW�QSEI5QJ�©k]I5\R^EN.klkjN SENh^�� FhLM[]\�^JN`LvLYN.��¤5W�[j�M[lQJN.�Â� SEI5QJ�©^JQON � ¤5W�[j�M[jQJI9u�Ne�Z�MW5QRL�[]SaNhQRLY[j\R^ENe� �

Vc = 0
�©N`L�SEF`V Ir¤5W�KM[]�MNhK/kjN.��M[3LY^JIwLY[lW�QJ�
W�^¢SaNh^�� F`LY[j\R^ENhLvLYN.�
¤�W5[]�v[jQENe�
�vN.KMW�QRLGSa[ ��FhKYNhQRLYN.� �

Vc = 1
��mUB?Q1¤rI©SaW5QJdsV Ir¤5W5KY[]�vN.K»�MN.� �hW�QEN.�
SEN KYFhu5[jW5Qi�� �MNhu�OZNhQRLMF.N.�g�ÁfJW5OZW5u��hQENe�hm ����� �
	��

� 6
• PX(x =′′ a′′) = 1

Z
exp
(
−
∑

c∈C Vc(x)
)
) = 1

Z
exp
(
−(16))�Az.yZdhkl[]\R^EN.� 
E[jQJI5[lKYN.��fEW�KM[ �5maW�^�¤�NhKML.maSa[��7F.KMN.QRLMN.�g�

����� �
	��



• PX(x =′′ b′′) = 1
Z

exp
(
−
∑

c∈C Vc(x)
)
) = 1

Z
exp
(
−(24))� * M dhkl[]\R^EN.� 
E[jQJI5[lKYN.��fEW�KM[ �5maW�^�¤�NhKML.maSa[��7F.KMN.QRLMN.�g�

����� �
	��
=?W5QJd5C

PX (x = (a))/PX(x = (b)) = exp(8)
� � � � ��	��	�»NhL?SaNbdhNsV I9[lL.C7Ir¤5N.d_dhNbOZWtS �hkjNskjI	dhW5Q��Ju�^EKgIwLM[jW5Q 8 �4:N.�vL

exp(8) ≈ 2981
VXW5[]�»HEkl^i�cHEKYW"
JI"
EklN_\R^ENsk]IPdhW5Q��iu5^EKgIwLY[lW�Q 8�� :rm

���������
	���
�����
���������� ���
��������� ����� ����!"�����#�%$���&'
��(����!'� ���*) �*&�� � ��
 ���#) ��
+�-,.��� �/!"��� ���10��2��� )�������� �3�����2��� � �24�) ���/5
��� �����76

� 6
=²I9QJ�
dhNbdhI��hCEW�Q1SaNh¤tKgI9[lLcd.I9k]d`^EkjNhKGkjIDVXW5Qid�LM[jW5Q¢SENsHJI9KMLM[lLM[jW5Q

Z
\R^E[½Ne�AL?kjI	�MW5OZOZNb�v^JK»LMW5^ELMNbkjN.�
dhW5Q��iu5^EKgIwLY[lW�QJ�H7W��Y�v[#
EkjN.� �	� 6 $�� �
	�� � I9^PLYW9LYI5k

Ω = 216 dhW5Q��Ju�^EKgIwLM[jW5Qi�¾HiWR�M�M['
JklNe��HiW�^EKÁSaN.^��DFhLM[]\R^EN`LMLMN.�ÁN`LGzey_�v[lLMNe�ÁSEI5QJ�·d`NhLvLYN[jOZI5u5NhLvLMNr��SaN.��HEKYW"
JI"
E[jkl[lLMFe�
Z =

∑

x∈Ω exp(−Vc(x))
m5=?W5QJd

216/2
VXW�[j�¾HJkl^J��SEN»d.I9k]d`^Eka\R^EN»k]I?\R^ENe�ALY[lW�QDHEKYF.dhF.SaN.QRLMN5C[�m N�mlC

215 VXW�[j�cHJkl^J�cSENbdhI9k]d`^Jk:m �	� 6 $ � �
	��
� 6
• PX(x =′′ a′′) = 1

Z
exp
(
−
∑

c∈C Vc(x)
)
) = 1

Z
exp
(
−(4))� M Sa[��7F.KMN.QRLMN.�g�

� 576 $ � ��	��
• PX(x =′′ b′′) = 1

Z
exp
(
−
∑

c∈C Vc(x)
)
) = 1

Z
exp
(
−(0)) = 1

Z� |	Sa[��7F.KMN.QRLMN.�g�
� 576 $ � ��	��

=?W5QJd
PX (x = (a))/PX (x = (b)) = exp(−4)
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u�klW�
JI9kjNhOZN.Q�L»N`L
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* m?B?QÂSa[]�MHiWR�vN/I5klu�W5KY[3LYfEOZ[j\R^EN.OPN.QRLsS½T ^EQJN©�¾��� � �iI5�vLD�EW�^EKY[lN.Kb��KgI9QJ�vVXW5KYO/�?N`LbW5Qo¤�W5^JSaKgI9[lLbdhI5kjdh^EklN.KskjI1�G§�=� ��KYI5QJ�AVXW�KMOZF.N²SaNZ§¨W��M[lQt^J�c=?[j�Yd`K!�`LYNe�»SaNsk�T [lO	I9u�Nb�v^J[l¤wI9QRLYNb\�^JNsk:T W5Q1�M^EHEH7W��MNbIr¤5W5[jK»^EQENskjW5QEu�^ENh^JKcN`LGk]I9KYu5N.^EKFhu�I5klN �P^EQENsHE^J[j�Y�MI5QJd`NsSaNsSaN.^��Um

; �aHEkl[]\R^EN �·dhW5OZOZNhQRL�¤�W5^J��H7W5^E¤�N �·d.I9k]d`^EkjNhK½dhN`LvLYNÁ�G§�= �»HiI9KMLM[jK�SaN�k]Ic���¾�ÂN`L�Sa[lKYN·\R^½T NhkjklNe�½�vW�QRL½klNe�UHEKYW5HEKY[lFhLMFe�SaNsd`N.�cSENh^���LMKgI9QJ�vVXW5KYOZF.�»\R^E[½¤5W�^J��HiN.KMOZNhLvLMN.QRLGSaN_V I9[jKMNsdhNhk]I�� [:m N5mjC�
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E[jNhQ�\R^EN k:T [jOZI5u5N�KMN.QJSa^EN�HJI5[lKYN � k]I O��.OPN KYFhHJI5KvLY[3LY[lW�Q±SaN�VXKYF.\R^ENhQid`N \�^JN�k�T [lO	I9u�NW5KY[ju5[jQJI9kjN?NhL?\R^ENsHE^E[]�Y\�^JNbd`NhkjkjN��<d`[ �ZF`LYFsKMN.QJSa^ENsHiI9[jK.CE�YI	�¾��� Q½T I	\R^½T ^JQENsHJI9KMLM[jNsKYFhNhkjkjN_�YI9Qi�cHJI9KMLM[jN_[lO	I5u5[jQJI9[jKMN_NhLN.�vL SaW�QJdZ[jSENhQRLM[]\R^EN0� ^EQEN/�G§�=Dm��»fJFhW5KY[]\�^JNhOZNhQRLbkjN/�vH7N.d`LMKYN	W"
aLYNhQt^oNhQ ^aLY[lkj[j�YI9QRLbk]I1�¾��� Ne�AL I5^J�M�M[
4
VXW�[j�sHEkj^J�u5KgI9QiS N.QDLgI9[jklkjNb�X[jkEV I5^JSaKgI9[lLÁ�vW�^J����FedgfJI9QRLM[jkjklW�QENhK¾SUT ^EQZV I5d`LMNh^JK

2
HiW�^EK·KYN`LMKYW5^J¤5NhK¾k]I_O��hOZN»LYI5[lkjklN
\R^EN
dhNhkjklNcW�
aLMN.QR^ZN.QdhI5kjdh^Ek]I9QRL¨Sa[jKMNed�LYNhOZNhQRLÁk]I �G§�=_��NhL¨k�T N.QJ�vN.O 
EkjN?SJ�Ád`WtN �	dh[lN.QRLY�·W�
aLMN.Qt^J�¨�MW5QRL¨I5^J�Y�·O ^Jk3LY[lHEkj[jFGHJI5K¨d`NGO �.OZN
V I5d`LMN.^EK.m
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z�mG�t^EHEH7W��MW5QJ��\R^ENG¤�W5^J��I �5N�� �b¤�W9LYKMN²Sa[j�MH7W��M[3LY[lW�Q©d`NhLvLMN²[jOZI5u5NP� d�VAma��[juJm�z5m]� IR�v�¨SUT N.O 
EK �5W�Q	W"
aLYNhQt^EN?HJI9K�OZ[jdhKMW ��MdhW5HE[jN¨HiI9K¾FhkjN.d`LMKYW5QJ�»�XH7W5^JK�klNe��W�
aLMN.QE[jK.Cw^EQZdhI5QEW5Q��²FhkjN.d�LYKMW�QJ��OP[lLMKgI9[jkjklN»^EQENc�M^EKMV I5d`N �²^EQZI9QEu�klN»SaN M {?SaNhu�KMFr�N`L \R^ENZ¤5W�^J�sSaNh¤t[jN �ZN+�tLYKYI5[lKYNZklNe�_HiNhLM[lLY�bu�KM^JOPNeI9^��±� HiNhLM[lLMNe� 
7W��Y�vNe�Y�?H7W5^EKsF.¤5NhQRLY^ENhkjklN.OZNhQRLbklNe�sd`W�OPHELMNhKsW�^



HiW�^EK?I5QJI9k �a�vN.KcklN.^EK?SaF.HEk]I5d`N.OZNhQRL²SEI5QJ�
^JQEN �MFhKY[lN S½T [jO	I9u5Ne�hm �
W5^i�GH7W5^E¤�W5QJ�Gd`W5Qi�ALgIwLMN.KG\R^ENDdhN`LMLMNb[jO	I9u5N N.�vL�v^EKYN+�aH7W��MFhNc� dhW5[jQ_NhQ_fJI9^EL �cSaKYW5[lLMNe�7NhL��MW5^J����N��aHiWR�vF.N��:d`W5[jQsNhQ 
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?^EN.kj�UL��RH7N·SaN�LYN.dgfEQJ[j\R^ENe�UHiW�^EK �KYI5[lN.Q�L�Fh¤5N.QRLM^EN.klkjNhOZNhQRL �hLMKYNÁ^aLY[lkj[]�vF��v^EK¾d`NhLvLYNÁ[jOZI5u5N¨HiW�^EK�dhW5KYKM[ju5N.K�d`NhLvLMN��v[lLM^iIwLM[jW5QDSaN¨�M^EK�N`L��MW5^i��� N+�aH7W��M[3LY[lW�Q ��LK�� ��	�� m
* m ; �aHEkl[]\R^ENhKcdhW5OZOZNhQRLcW5^©HiI9Kc\R^ENhkjklNe��LMNedgfEQE[]\�^JN.��W5Q�HiN.^aL
SaF`LYNhKYOZ[lQEN.KcklNe��HiWR�v[lLM[jW5QJ�cSEN.�»d`W�[lQJ�cSJI9QJ��k�Ta[lO	I9u�N��[juJmUz�mj� 
i��m ��$ � �
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, mc><OZI5u5[jQENhK�\R^½T ^JQ OZW5QEW�kl[lLMfJN QEW�[lKYN,O �a�ALYFhKY[lN.^����YI9Qi��I5^Jd`^EQJNÂI��vH7FhKY[3LYF,NhL �YI9QJ��I9^id`^EQEN W5^E¤�NhKMLM^EKYN¢¤t[]�v[#
EkjNI9HEHJI5KYI5[j�Y�MND^EQ 
AW5^EK©�:SaN/V I �`W�Q O �a�ALYFhKY[lN.^J�MN�� �_�M^EKsLYNhKYKMN�m¾B?Q I9[jOZNhKgI9[lLDIr¤wI9QRLsLMW�^aLD�YIr¤5W�[lKbSaN�\�^JW5[ÁNe�AL V I9[lLk:T [lQRLYFhKY[lN.^EK¨SaN_d`N?O �a�vLMFhKY[jNh^��¢��� �·OZW�QEW5kj[3LYfEN?�YI9Qi�ÁH7W5^EK»I9^ELYI9QRL�^aLM[jkl[]�MNhK»^EQENGLMN.dgfJQE[j\R^EN_SaNe�ALYKM^Jd`LMKY[jdhN?Sa^��AL��tkjNSaF.dhW5^EHJI5u5NsI9^ k]I5�MNhK
W�^1dgfJI9kj^EOZN.I5^�� 
?^ENhk½LMN.dgfJQE[j\R^ENDSaF�
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	��

8 �7: 8�� :

���� � * � 8 �7:?><O	I9u�N_SEN �½NhQiI 8�� :?><O	I5u5N_SaN �½N.QJI�
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EKY^E[lLMF.N�HiI9K	Sa^ 
EKM^J[3L/I5SJSa[3LY[3V -_I9^J�Y�M[lN.Q SaN ¤wI9KY[jI5QJd`N
σ2 m=GFhLMNhKYOZ[lQJNhK²^EQENDLMN.dgfJQE[j\R^ENP\R^E[¾HiN.KMOZN`LMLMNZSUT N.�vLM[jOPN.K?k]I�¤rI5KM[]I9Qid`N Sa^�
EKY^E[3Ls\R^E[��hT N.�vL²I 
AW5^aLYFhN��/k�T [jO	I9u5N�� IR�QENsd`W5QJQJI9[]�M�YI9QRLc\R^ENsk:T [jOZI5u5N 
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=?I5QJ�¾k:T [jOZI5u5N»SaNck]I?��[juJmaz5CwW�QDH7Nh^EL�dhW5QJ�vLYI9LMN.K¾\R^EN»k]I_SaFhu�KYI�SEIwLY[lW�Q SaNc�v^JKMN��tH7W��M[lLM[jW5Q ¤wI5KM[jN��MHJI9LM[]I9kjNhOZNhQRL
�X[�m N�mlCNhkjkjN�Ne�AL¾HEkj^J�¾[jOPH7W5KMLYI5QRLMN�NhQPfJI9^aL·I²SaKYW5[lLMN»\�^�T N.Q 
JI��¾I?SaKYW5[lLMN�N`L�[jQEN+�a[]�ALgI9QRLMN�NhQ�
JI�� �?u�I5^JdgfENr��m �½N�LMKgI9[lLMN.OZNhQRL¾SEW5[lL

�`LYKMN/SEW5QJdDVXW5Kgd`N.OZNhQRL I5SEI5HaLYI9LM[lV_� [:m N5m prW�^Â�MHJI9LM[]I9kjNhOZNhQRL Sa[��4�.KMN.QRLg�²N`LbQJW5QoHJI5�bu5kjW"
JI5k»� ^EQEN/W�HiF.KYI9LM[jW5QÂHiW�QJd�LY^ENhkjkjNN`LDu5kjW"
JI5klN	�M^EKbk�T fE[]�vLMW5u�KYI5OZOPNZH7W5^EKYKgI9[lL SaW5QEQJNhK \R^EN.kj\R^ENe�sKMFe�v^Jk3LgIwLY�bOZI5[j� �vN.KYI5[3LbH7Nh^ KYW"
E^i�ALYNe��m �
QEN/F.u�I5kl[]�MI9LM[jW5QW5^�^EQ F`LY[lKYNhOZN.Q�L
SUT fE[]�ALYW5u�KYI5OPOZN_I5SEI5HaLYI9LM[lV»� [:m N5mjCJ\R^JI�SaKM[jkjkjI5u5N?SENsk:T [lO	I5u5N_HE^E[]�»FhuRI9kj[j�YIwLY[lW�Q©W5^�^EQ F`LY[lKYNhOZN.Q�LcH7W5^EKdgfJI�d`^EQENsSaNsdhN.� �hW�QEN.�cd.I9KYKMFr�·Ne�AL
k]IPHEKYNhOZ['�.KMNsdgfEWR�vN �PkjI�\R^ENhkjklN_W�Q�H7Nh^aL?HiN.QJ�vN.K.miB?Q�H7Nh^aL
KYNhQJSEKMN_HEkj^J�»KYW"
E^J�vLMNsdhNLMKgI9[lLMN.OZNhQRL
Ir¤5N.d²SaNe�»VXNhQENe�ALYKMNe�c\R^E[��MN_dgfJNh¤wI9^JdgfJN²NhL
SaW5QRL
kjN²KYF.�M^EklLYI9Lc�MNhKgI9[lLcNhQJ�M^E[lLMNsOZW��5N.QEQEF�m
•
�cLY[lkj[j�MNhK©^EQ�LMKgI9[lLMN.OPN.QRL©\�^J[��`SaNhLMKYNhQJSEN���k:T [jOZI5u5N1N.Q ^ELM[jkl[]�MI5QRL/^EQ�HEk]I9Q�SaN1H7NhQRLMN¢Ne�AL©I5^J�Y�v[c^EQJN1[jSaF.N±�XN.QH7NhKYOPNhLvLgI9QRL.CtHJI5KÁ^EQEN?LMKgI9Qi�AVXW�KMO	IwLY[lW�Q	kl[jQEFeI9[jKMN�C�SaN²KMN.QJSaKYN
k]IbOZW��5N.QEQEN?SEN.�¨QE[l¤�N.I5^��/SaNGu�KM[]�ÁSaN_dgfJI�\�^JNGd`W�klW�QEQEN?SENHE['�aNhk]�cI9HEHJI5KvLYNhQJI5QRLcI5^�u�KMWR��u5kjW"
E^EkjN.�_� NhO 
JK���W5Qi�¨[]SaNhQRLM[]\R^ENe�`m

•
B?Q H7Nh^EL N.�Y�MI ��FP�M[�k]I©LYN.dgfEQJ[j\R^EN/SUT FhuRI9kj[j�YIwLY[lW�Q SUT fE[]�ALYW5u�KYI5OPOZN	I5SJI9HaLgIwLM[lV�Ir¤�N.d VXNhQ �hLMKYN/�vN/dgfJNh¤wI9^JdgfiI9QRL²QJNO	I9KgdgfJI9[lLDHiI5�.C�k]I,O��.OPN�LMNedgfEQE[]\R^EN�I�SEI9HELYIwLY[3V?NhQ±^ELM[jkl[]�MI5QRLPQEW�Q±HJI�� ^JQEN�F.u�I5kl[]�MI9LM[jW5Q±S½T fE[]�vLMW5u�KYI5OZOPN©OZI5[j�P^EQJNLMNedgfEQE[]\R^EN�S½T fE[]�vLMW5u�KYI5OZOPNÁOZI9LYdgfE[jQEu²NhQD^aLM[jkl[]�YI9QRL�dhW5OZOZN¨fE[]�vLMW5u�KYI5OZOPN¨SaN¨KYF`VXF.KMN.QJd`N�C.k�T fE[j�vLMW�u5KgI9OZOZNÁW�
aLMN.QR^PSEI9Qi�^EQEN_VXN.Q �`LYKMNsdhNhQRLMKYFsI9^ OZ[lkj[lN.^1SaN_kjIZd`N.klkj^EkjNsNhO 
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