
���������
	��
	������
�������������
��������� ���"!#� $&%'�)(*%'!#�+��!,�
-.���/,0*1'2�2�354"2�376+698;:"8<6>=+=9=?6A@ABC6D:FE
GIHKJ�L�M�N�/PO�MQ6A@"8;:"8<6>=9=+=SR
TVU�WYXSZ\[^]`_#acb /,0*d'2feAghe�2i6+4j@"4jkml
npo
q&U�WYXSZ\[^]`_#acb /,0*d'2feAghe�2�:S4SrS4Vs�l
nut
v a�wyx*xD[mb /,0*d'2feAgheh2z6+4"oj4SrS4ys
l
nut
{ d�l�0*|<}p~+3�2CnAg�3�0>1Y|�n9����3�1'2�0>1Y}F�S3���2f3�1�~91�2���dhl�0*1j1S0�2�2feAgheS8"O73#~9}u3<np�hn9nAghn9�9~9�+~�0*|<}p3�nS8+�me9|�3<�9~�0�2�2fnp0*3#g9~93��j�j�
3�nS8

698 { 1�n�1S1S0*2
2f���S3<������0>0�2
2f3<n93��hn93<��0�2
�
�"�
2�0>0*}u3�2
�'�h� �y�y�����,� �y��9�9� �y�y���,� �����A�`�c���,� �?���A��9�9� �y�y���,� �y�"���9�

}u3<�f��e �9�f� �y� ~91����S1j�'3<1����"��2f0*0>}p3<1�ghn9�
2�0��
�+ �2�2�0*0>|�|�e ��� �y� 8�¡¢e9e9��3�2fe�|<��d��90>�
2�3¤£V0*�f�j��2f0*|<|�0>1¥���S|<|�0>��3�1¥���"��2f0*0>}p3<|<|�0~91S�+~?�
0
[5¦¨§ 1�g90>�
2f~93�2��Sghn
[©[ª¦¨« 2Cn�¬S3<3<|�3
[©[\[5¦¨­ 3<1S0>n+n��f3�1S0>1[^®,¦ N�3<�hn�3<1�gAn9��3�n�1'2�2�3

@"8
/,n9���hn+��2f0*|<|<n+n�1Y�S3�¯y0*�f0*1j�f��3���d'2fe9|� +1jeFn91S1S0*2
2��`np���S~"�"3<1'2fn ��� �y�y���,� �y�����h��� ���I�����¥°���� ���c�h�
± ¦ L73<3��f�fep��d'2fe9|� 'e²ghn9�
2fn+nAghn²|<~9dS�+~9�hn9nAg�3<~³ ¦µ´ n�dS}u~�2�2�0>|�0z3<}u£S�S|�����3�ghn+��2f0z¶ � �y�· ¦µ´ n9dS}u~�2�2�0*|<0 ��� �y� 4"���S1 �,� �y����¸"� �K�������¥¸"� �y�`��¸"� �����*�¹ ¦ { 1S�+~p���S~"�"3<1��An9�j�fn9n�|<3<1S0*1`º

kS8
¡�3�2��heY��0*�j�fn+nAg'3��
2fnu�
3<»91`n9n�|<0*3��
2fnu~hghnh2�l
n��"�
~+|�|<3��
3�n�¼^����|�|�e?2Cn�3�0*3¾½
ºFL)0*�f�j�
2�0*|<09Ry¡�3�2��heY~hgAn�27l
n��"��~9|<|�3��
2�0*1¢��3<»91jn+n�|<3�0>1£`0>���`�^l
n9����~�2¿º
± ¦ �y�9À^Á
Â���°9Ã�Ä�Å'À\°�Á&��Æ#Â³ ¦ � � � �y�y��Å>Çª�7À �¿�È �#Â· ¦ �`�'� �y�y�ÊÉÌËÍ¿Î)Ï ËÊÐ ¸"� �Y��Ñ'Ò'�`��¸"� �Y�I�
���9Ò'�5Ó

oj8
Ôi�Sghn�1S�he+�
3�2
2f0*|<���f�fe�g+~93��Sn9n91Õ�9~+dS3�1`n9n�£V~93��
2fn9nm���"�
3<1S�90>�
2Cn�3��
0>|�|�n����S~92�3<}p0>|�|�n'Öh}?n9���'3<|<|<nj4�l�~+�f�fn��S�`�"0*�"��3"�'�jgAn9£S3���2f0*0*1n��fg9~+����3�2f�S|<0*0¤�90>����3<n9��g+~���n9}?n�|<|<n
�f3<g'3<|<|<e�gAn+�
0>}u}un9|�|�n
£S�j~9|<0*|<|<nj4D1�������3<��0*1Pl
nm~93<�90Dn�|<|<n
£j�S~9|<0*|<|<n�~9|<0*ghn�1²�'�jgAn9£S3���2f0*0*1n��fg9~'��2CnS8�Ôi�Sghn�~91c×Ø£j3��"��0*|<3<e�|<0*g90DeFl
n ´ £S3��"��0*|<3<e��+~9�f�90>nj8�Ôi�SghnY~+1�2fn�|<|<0�2�0*2
2f���+~9�+~91jn93<���S�j�"0D���fn9n91�}²�S3��
2�3<3�1l
nF���S~"�Sn�2�0�2�2��Y�'�jgAnÕ2fn9|�|<0�2f0�2fn+n�1Ù0>��3V£jn93����hn9n91&8+O��
3�2feF�
�S~92�3<}u0*1Y�S3�¯y0*�f0*1j�f��3���d'2fe9|� `49���S1 ��� �y� ~+1Kn�|<���S£`0>�fe93�1j0*1zl
n��� �y� �+0>����3<n9��g+~93���2f0�2
2f�Ù���SghnS8SÔi�Sghn91��f0*�j1S~93���2Cn²0>3�2fn9��g�3�2f��0mghe9|�3�2
2Ce9eS8/#0>0Ú���S~92�3<}p0D��2CnÕ�hn��`��n+n�|<3�1S0>1Ùg90>�f��3<~j4�l�~+�hn²g+~93��
3`2�~+3�}u3�nÕ�f0>n9n9|�3�nhl
n+���fnS4�2�~93���3�1K�fn�1j~'0>1K}?n9�f�fn�}²�j3<�
2�0
l
nz�9~+�9~Õ���Sghn�12fn9|�|<0�2�2fn�}u3��
0>0*1c0*372fn��fg�3�2�2fn93<��3\8�L�3�3<���Ce���0*1�|�~+dS�9~+�An+nAg�3�~`8V¡�3<�he�0*�f~�~91c������0*3���3�|<|<e����S~�2f3�}u3<|�|�n��90D�
��3�n��fg9~93��
2�0�2f�S3����fn���Sg�3<�f��n'º



:"8 { ghnh2��+~?�
0>�S�fn+nAghnh2�ghe93�2�2fe�}?e�2�~93<�90*3<1Ù2Cn�3&ghe+e��f3�1`ºÙ¼ � � À^Á
Â�ÛpÜÞÝ � À�ß9à�Â��Ìá²� � À©Á
Â�â ÏSã
ä�å
æ Á 4 à,ç ~+1Y£V0*�f�j�
2fn+nhl��S�j�C½
± ¦µè n�2����Sghn�1���3�»+1jn9n9|�3<1�éj~9�S�f3<0*��B5}F�S�S1S1S~'��~+1pl
n��"�
~+|�|<3<1S0*1²l
n��"�
~+|�|�n �hÆ³ ¦ L�n��f3<|�|<3<��0*1céS~+�S�f3�0>�
Bª}²�S�j1S1S~9�"��0*1 ÝK��À�ß9à�Â �9~+1'g+~9|<�S�"2f3�~�£jn��f3<|�|<3<��0*1�éS~+�S��3<0*��Bª}²�S�S1j1S~9�"��0*1 Ý?�+À�ß9à�Â �hn�1j�f��nY~91n93�1`nF£`n��f3�|<|�3<1S0>1
· ¦µê 0Dn9n�|<3��
0>1��"3����'�f0*0*2�3<1���3<»91jn+n�|<3�1�éS~9�j��3<0*��B5}F�S�S1S1j~+�¤~91�n�3<1jnp��0Dn9n9|�3<1S0*1¹ ¦ Ã�Ä�Å'À5�Aà,ç>Á
Â éS~+�S��3<0*��Bª�90*��2�~+3�}u0*2�~hghnh2�ë Ï �
�ì�Aí9� 4"ë �
�î�hí�� l
npë Í �Ìï }F�S3<|�|�np�Vð 1�n��fg9~+3�|<|<naS¦µ« 3�»+1jn9n9|�3<1 � � À©Á���Á ç Â éj~9�S�f3<0*��B5}F�S�S1S1S~'�¤~91 Ý � À�ßVÀ¾à��µà ç Â
Â 4j}p3��f��e à ç Á ç �Ì��Æ 8ñ ¦ ��3�1`ò¿Bª}²�S~92�~93���0*1µ¼ Å>Ç5�&Ã�óÕ� �ô Å*Çª��ó ½,l
n�2����Sghn�1���3�»+1jn9n9|�3<1�éj~9�S�f3<0*��B5}F�S�S1S1S~'��~+1�2fn9n�l��S�j�
2fn+�
~'���fnÕ1S0>|�3< +n+n�|�2�~

rS8
/,n9���hn+��2f0*|<|<n+n�1Y�S3<������0>0�2
2f3<n93��hn93<�
2fnp�
�"�
2�0>0*}u3<e
��� �y�j�îõÑ ��� �Y�I����� °ö ��� �Y���A�����h��� �y�ª�

± ¦ ¡��S~"�"~'��2Cnp���"��2f0*0>}p3<1�2fn+nhl��S�j��ghn9�
2�0i÷ À©â ã
ä Â³ ¦µ­ n9���90Ú}un9»91S3�2��`�"3�ø ÷ À©â ã
ä Â ø· ¦ ¡�3<�heu~91��
�"�
2�0*0>}u3�1�3<}p£j�S|<�f��3�ghn9�
2�0Õ¶ � �y� º
s�8
/,n9���hn+��2f0*|<|<n+n�1¨n9|�|�nK~+|�0>ghn�1¨���Sghn91µ}F�S�hn�3���2CnY�"3����'�f0*0*2
2f3<n93��hn�3��
2fn²l
e��\l�0>�
2�0*|<}?e9eY�
�+ �2
2f0*0>|�|�e ��� �y� l
n�ghn9�
2�0>0*|<|<n ��� �y� 8­ / § B�l
e9�©l�0D��2f0*|<}?eh2Õ÷pù ú À©â ã
ä Â ~hghn�2Ú3��"0>n+n�|<3<��3�nYn9|�3<£je9e+��2f +���S~�2f3�}u3�nÙ�Cnhl
n�2fn9n�l��S�j�"0>|�|�n Æ,íhÑ l
n�£`e9e9�
2� +�hn�3���2Cn�1¢ghn�d�g�3���B2��S�"��0*|<|<nÊ698 ´ n90µ�+~9�+~�l
e��\l�0>�
2�0>|�}?e�1�2fn9n�l��S�j��ghn9�
2�0¨�heA�'2
2Ce�}?e�|<|�e�n�£S�j1jn�ûÞ�
3<»91`n9n�|<0�l
n�l
n��"3����'�f0*0*2�3<1ÌéS~+�S�f3�0>�
B}²�S�j1S1S~9�"��0*1�~9}u3<1jn�3��
�j�S�"�
3�nS8"�m3�dhl�0+ð À��z�AÂ�ü?��â ã�ý ü 8

(-1)
n

nw
3 4

nw

n

(e )ωj
lp

Hlp
(e

H

jω)
n

y nx 

n

w1

(-1)

2
w n

L73<3��f�fe��+~9�9~Yl
e��\l�0>�
2�0>|�}?e91¥�S|<~+�
2��S|<~91þ��£`0>�+2f��3²ø ÿ À\â ã
ä Â ø)ghe�|<3�|<|�e À\ï���Æ#Â 47���S1þ�
3��fe9e�1'2f�S|�~+1jn¢~+1þ�'�jgAn91�}F�S�hn�3<1S0*1ø Ý�À©â ã
ä Â ø�¼©�'�jgAn+���fnF1je������Ùghn�3<1�n9|��j0 À©ï���Æ#Â
Â 8
X(e j

2

1

0 π

) ω

3/4π/2π/4 ( π) 

tS8
/,n9���hn+��2f0*|<|<n+n�1�1jeA�'2
2f0*0>1S~�2�2�~+nzl
nh2����Sghn�Bªn93��hn�3���0>�
2fn?��3�»+1jn9n9|�3���2Cn �,À©Á
Â 8&/
e�}?eu2Cn�£jn9d'2��S�¢1j3�3<1&4y0�2�2feK��3<»91jn+n�|<3#�90>���f~�B2fn+n�1�1jeA�'2
2f0*0*1j~�2
2f~��^�S1j�+2f3�~+|�|�nS4Dl�~+1S�hnu£`0>��3<~"�"3�~91�/i4hl
nÚl�~91j�Anuéj~9�S�f3�0>�
B �fn��\l
n�0>��3�2�����~91
�,À©Á
Â7� �

�
Ë�

ü Î�Ï Ë
â � ý ü å<ã���	 �

0*|<3 � ú À©Á
Â��þ��À^Á
Â
��À^Á
Â 8`¡��S~"�"~'��2Cn��^�S1S�'2�3<~91 � ú À©Á
Â éS~9�j��3<0*��B5}F�S�S1S1j~+� Ý ú À<ß�à�Â 4S���S1�~9|<0�2�0*2fn+n�1 Ý¥À�ß9à�Â 2��S1j1S0�2f�S�"�
358/#�S2���3�2Cn9n91Y2f3�|�n�1j1S0�2�2fnS4�l�~+�f��n Ý¥À�ß9à�Â ~91����Sghn9�f��np0D�
3�2�0*2��'1��hn�|�2fn93�1S0>1

1

1

1/2

-1/2-1 1/2

X(jω)

L73<3��f�feuéj~9�S�f3�0>�
Bª}²�j�S1S1S~+����0*1 Ý ú À<ß�à�Â }?n9»91S3�2��j�S3�1����Sghn9nhl
np���S1�1jeA�'2
2f0*0*1j~�2
2f~�2Cn9nhl��j�j� à
�
����Æ,í �Ì~+1
± ¦ à
�
���³ ¦ à � �Ì° 8


