
���������
	����������������	���������� ��� ��!��"�#�%$&���
'�(�(�)+*,'�(�(�-

./�,��� �0�

1%2�354�687:9�;+<>=+?@<�A
B =DCE=+F"GIHICE=KJ�<�F
LNMO=IL@H#?@PQASR

TVUW6
35X#Y�X068Z87�[\LS=DGI<]G:^ =+F%_K`aLS?@<cbd9ceIL@Agf
hNH#=KAiGIR>_KF+PjASASH#FDAk=+F%_K`lL@?S<mF�=+JcR>?@Pjn0=K</eDMO?i`o^ Rn0=DM5LSPQH#FpMO=+q�GIPar�R�?S<�FKCE<AsAt=KPau5MOF
L@<�v

y[n] = x[n] − 0.81y[n− 2]

w#xNy =+<�`a`Q<]<AzLm`QM%ASPa{0F+Pl_�C>M5L@PaH0F�GI<cCE<>LtLS<�R�n
=KMOLSPQH#F�M#=Iq�GIPar�R�?S<�FKCE<AD|~}�H#JcJc<>F
L�MOe+eK`aPjn
=+<>?/`a<�_K`aLS?@<�M#PaFDAtP
GIR>_KF+P|

�Ix }�<s_D`lL@?S</F�=+JcR>?@PQn
=+<s<AzLS�oPQ`�=+F~_K`aLS?@<m�&�z��H#=��S�z��|�b�u#H0=KA�eDH0=+?S?@<>�N?@M#e+eD<�`a<�?�C><Vn
=+</AtH0F0L�=+F�_D`lL@?S</�&�z�
<ELs=KF�_D`lL@?S<m�t�z�Vf x

9 xi� H#F+F+<�?i`QM���H0FKC�L@PaH0FpG+<VL@?@M#FKAt��<>?SLiM0ASASHICEPQR><m�~CE</_K`aLS?@< x
� x }�MO`jCE=K`a<�?N`jM~?SR�eDH0FKAS<���?SRn
=+<>F
LSPQ<>`Q`Q<�<EL/`a<�{0MOPQF�GI="_D`lL@?S< x }�M#`QC>=+`a<�?N`Q<�ANu�M#`a<�=+?gANGI=�{
MOPQF"<>F

f = 0, f =
1

4
, f = 1

2

b�=+F+PaLSR�F+H0?SJ~MO`QPjAtR�<f x
�Ixi� H#F+F+<�?i=+F"ASCg;KR>J~McGI<�CE<�{0M#PaF x [�F"GIR�GI=KPa?@<m`a<mLz��e�<�GI<�CE<m_K`aLS?@< x

TVUW6
35X#Y�X06�� 7:�iR�M#`aPjA@M5LSPQH#FpG:^ =+F%_K`aLS?@<m�,�z��eKM0ASAS<E���KMOFDGI<�b � eIL@Agf
hNH#=KAsASH#=K;KMOPaLSH0FKAke+?@H#e�H0AS<>?i=+F"MO`Q{#H0?SPaLS;KJ�<�GI<�_K`lL@?@M#{#<meKM0ASAS<E���KMOFDGI<�G:^ H0?@G+?S<

5
xD� <m_K`aLS?@<�CEH0FKAtPjGIR�?SR�AS<>?gM

=KF�_D`lL@?S<��,�z� xK� M���?SRn0=K<>FKC><mGW^ RCg;KMOF
LSPQ`Q`aH0F+FKMO{0</AS<>?gM�F+HOL@R><
fe

x
w#xi� H#F+F+<�?�`jM�?SR�eDH0FKAt<N��?SRn
=+<>F
LSPQ<>`Q`Q<N?@<>`jM5LSPQu#<VMO=�_D`lL@?S</PQG+R�MO`�eKM0ASAS<E���KMOFDGI<NGI<V��?SRn
=+<>FKC><�A�GI<mCEH#=Ke+=+?@<�A

fa<EL
fb

b
0 < fa < fb < fe

2

f x
�Ix [�F�M#e+e+`QPQn
=KM#F0L�`jMmL@?@M#FKAz��H0?SJcR�<kG+<N�+H0=+?SPQ<>?�PaF�u#<�?@AS<i��CE<>LtLS<N?SR�eDH0FKAt<k��?@R�n
=+<�F
LSPQ<>`Q`a<0�#C>M#`QC>=+`a<�?�`jM�?SR�eDH0FKAS<
PQJ�eK=+`QASPQH#F+F+<�`a`Q<

h(t)
GI<�CE<m_K`aLS?@<mPQG+R�MO` x

9 x [�F"Cg;+H0PQASPQA@A@MOF
L
fa = 1

8
fe

<EL
fb = 1

4
fe

�KG+H#F+F+<�?i`QM�?@R>e�H#FKAS<mPaJce+=K`QASPaH0F+F+<�`a`Q<�GIPQA@CE?@�EL@<
h[n]

M#A@ASH�C>PaR�< x
� x }�MO`jCE=K`a<�?

h[0], h[1], h[2]
x

�Ixi� H#F+F+<�?i`d^ MO`Q{#H0?SPaLS;KJ�</e�<>?@J�<>LtLgMOF
LNG:^ MOe+e+`QPjn0=K<>?sCE</_K`aLS?@<��,�z��MOPQFKAtPWG+RE_KF+P x
�+xNy =+<�`a`Q<m<�AtLs`QMcGIPar�R�?S<�FKCE<�M�u0<�CV`a<m_K`aLS?@<�GI<m`o^ <>q�<�?@C>PQC><me+?SRCERGI<>F
L�|

TVUW6
35X#Y�X06� ¡7 B FKM#`a�IAS<�Ate�<�CELS?gMO`Q<cbd9�eIL@Agf
� ^ M#FKMO`Q�IAt<cAte�<�CELS?gMO`Q<ceKMO?/LS?gMOFDAz��H0?SJcR><cGIPjASC>?S�>LS<~GI<��KH#=+?@Pa<�?�G:^ =KF¢ASPQ{#FKM#`�ASPQF
=DAtH0£oG+M#`\GI<���?SRn0=K<>FKC><

F0 =
176 ¤ �]<AzLm<Er�<�CELS=+R�< x:� M���?SRn
=+<>FKC><�GW^ RCg;KMOF
LSPQ`Q`aH0F+FKMO{0<]GI=¥AtPQ{#FKM#`&<AzL Fe = 10000 ¤ � xD� M%GI=+?@R><�GI=¢AtPQ{#FKM#`<AzLNG+<

N = 1000
RCg;KMOF
LSPQ`Q`aH0FKA x

w#xNy =+<�`a`Q<m<�AtLs`QMcGI=+?@R><~b�<>F"At<CEH0FKGI<f�GI="ASPa{0FKMO`�|
�Ixi� <VAte�<�CELS?@<NG:^ MOJce+`QPlL@=KGI</`QM#PQA@At<sM#e+eKM#?@M5¦QL@?S< � eKPQC�A�G:^ MOJce+`QPlL@=KGI<A�PQJceDH0?tLgMOF
LS<A�<EL�e+`Q=KAtPQ<>=K?@A�e+PQC�A�G:^ MOJ��
e+`QPlL@=KGI<Ak��MOPQ�+`Q<�A x [\qIe+`aPjn
=+<>?NeDH0=+?@n
=+H0P x

9 xi� <me+?@<>JcPQ<>?ie+PjC�CEH0?S?@<�ASe�H#FKG���`jM
k = 18

�>Jc<Vu5M#`a<�=+?sG:^ MOJce+`QPlL@=KGI< x�y =+<>`Q`a<m<AzLs`jM���?SRn0=K<>FKC></<AzL@PaJcR�<&|
� xi� H#F+F+<�?i`d^ <>?@?@<>=+?kJ~M5qIPQJcM#`a<�C>H#JcJcPQAS<�At=+?i`o^ <�AtLSPQJcMOLSPQH#FpGI<�`jM]��?@R�n
=+<�FKCE< x
�Ixi� H#F+F+<�?i`QM�u5MO`Q<>=K?sGI<

N
FKR�CE<ASA@MOPQ?@<Ve�H#=+?sM�u0H#PQ?k=+F+<�e+?@R�C>PQASPaH0F�PQFI��R>?@PQ<>=+?@<��

2 ¤ � x�+x [\qIe+`QPQn
=+<�?sCEH0J�Jc<�F0LNC><ELSLS<�e+?@R�C>PQASPaH0F�e�<>=ILs§>LS?@<�MOJcR>`QPQH#?@R></<>F%F+<�JcH�G+Pl_DM#F
LsF+P
N
�IF+P

Fe

x

w



���������	��
�����������������������������

sin(x) =
exp(jx) − exp(−jx)

2j
H��

j2 = −1
x

sin(
π

4
) =

√

2

2

���������	��
��� ���!�#"$�%���!�#��&('$�	


)NF+<�e+?@PaJcPaLSPQu#<�GI<
exp(αx + β)

<AzL
1

α
exp(αx + β)

x

���������	��
�������#�*���+�	�,�	����-'.
/�����$�*�

021 ?gMOFDAz��H0?SJcR></PQF
u0<>?gAt<mGI<��KH#=+?@Pa<�?

h(t) =

∫
∞

−∞

H(f)e2πjftdf

H3�
j2 = −1

x
021 ?gMOFDAz��H0?SJcR><mGIPjASC>?S�>LS<�GI<��KH#=+?@Pa<�?�b � � 1 f

X(k) =

N−1∑
n=0

x[n]e−j 2πkn

N

H3�
x
<�AtLs=+F"AtPQ{#FDMO`:F�=+JcR>?@PQn
=+<�GI<

N
R�Cg;DMOF
LSPQ`a`QH#FDA x

�


