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FHGJI*KLKLMON8PRQ�SAT	KVU
L = 1500 WYX[Z8X[\�].^ S_Na`bN�T	cHdePgf ^ S_hiPRfEjkT5K \ U�Kml X[] T5KLd X�nHobp T5N n T5f5UjkT5KLKLT ] f5U n_n T5K Z T5S W T	K n T5f ^Vnrq

• XH].s K ^ Ngt Wvu A = 3

• s T Za^LuwW hYP T = 100 ].^ S�N X
• x `Hf ^ P φ0 = 0

x(t) = A · sin(ω · t + φ0) y F{z
I \|Z `[f	QHK j X.X f�MVc�d nbX[s Q[NgNJjkT5KLT
N	G
}vGJ~kP ].� NgT	K jkT ] T	c X f�T5KLUHf5U x T5K XHWYX NgQHN X�nHobp T5N n T5f5U sYX[Z8X[].� NgT Z T nwZ T q
• XH].s K ^ Ngt Wvu A = 2

• s T Za^LuwW hYP T = 1000 ].^ S�N X
• x `Hf ^ P φ0 = 0

I \YZ `Hf5QHK j X�X f�MVc�d nbX[s Q[NgNJjkT5KLT
N*h|c�d X S X f5Q�S�c ZaX[�Yn Q�S|QHS/l ].^ S_N X f�T	KVU�f5U#jkT5KLT
N{G
�|G*� uvW Q_PRMVNaP X�X jkT	K x `Hf ^ Pg`[N s K�G φ0 = π

3
� P�` \|Z `Hf5Q�K j X h|c�d X S X f	QHSAc Z8Xb�Yn QHS|Q�S X fMLcHd nbX[s Q[NgNJjkT5KLT
N{G

� G�� � Pgf5MVNaPgT5S�T5cHd�� X NgK X[\�x�� cHc pH� Swd_N	l XH] T	KVd�T	KVU_`[KLKVMVN�j X�X�n�obp T
N n T	f5U nH�	s KLT
NRNaT5K] T5c XHW QHNRN/� ^LZ8XH� jkT5KLT
N{l ].X j W ` \|Z `[f	QHK j X�X stem x�� cHc pH� S_d#PRT	cHMVNaP � c �	p T	K q {. . . 0, 0, 1, 0, 0, . . .}

δ(n − n0) =

{

1, n = n0

0, n 6= n0

, n1 ≤ n ≤ n2 y }Hz
� T5c�MON8P � c q
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¸vGJ¹³c�dvP � cHh|c Z `�P/jkT	K

u(n − n0) =

{

1, n ≥ n0

0, n < n0

, n1 ≤ n ≤ n2 y ��z
º|G³» � cHdvPgf o c	jkT	K

• ¼#X Pgf5SY`HK j X�X � X NaK XH\ ¥[§��Y½�¾v¦ x�� c�c p�� Swd_NBT	cHd�S � cHdvPgf o c{jkT	K_T	KVU_`[KLKVMVNa`�Pg` ZaX G/I \|Z `b¿f	QHK j X.X jkT	KVT5N	À
•
� � PRf	MON8PRT	S�P X jR`bN x�� c�c pH� Swd�N{l XH] T	KVd�T5KLU�`HKVKLMON�T	cHdÂÁ|GÃ¸ n_^ N o KON � PgÄ¶N � S_d�T5f	U[jkÄÂS � ¿c�dvPRf o c#jkT5KLT
N	G³Å T5Æ|T5NgU�KVT	c�SYT�Æ X Pgf5SY`HK jkQ�S �5^Vn KLhYPRQ nbX N	À*ÇRÈ�ÉµÊ	Ë!ÌÂÍµËbÎwÏ9Ð�Ê�Ñ�Ñ�Ñ�Ò

Ó G³ÔBÄ Za� Pgf x Q�c	jkT	K
• ¼#X Pgf5SY`HK j X�X � X NgK X[\ ¥H½HÕv�v�w���_Ö x�� cHc pH� Swd_NµT5c�d x Ä Za� Pgf x QHc{jkT	K[T5KLU�`HKVKLMON8`HPa` Z8X GµI \YZ `[¿f	QHK j X.X jkT	KVT5N	À
•
� � PRf	MON8PRT	S�P X jR`bN x�� cHc p�� Swd_N	l X[] T5KLd×T	KVU_`[KLKVMVN�T	cHd x Ä Zg� PRf x QHc{jkT5KLT
N{G*Å/T	Æ|T
NaUHKLT5ceS|TÆ X Pgf5SY`HK jkQ�S �5^Vn KLhYPRQ nbX N	À*ÇRÈ�ÉµÊ	Ë!ÌÂÍµËbÎwÏ9Ð�Ê�Ñ�Ñ�Ñ�Ò
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• è�W jkh|S n�o PaPgf5T�T5c�déF	Á s T Za^VuvW hiPkN�N X[Z N X K ]�X f u Pgf ^ S_hiPRf�jkT	KVT5N�T	cHd¶K ^ S|T{` Za^ P p `HKO¿NaQHf{`HPgt�jkT	KVKLT5K�G³I \|Z `[f	QHK jkh ne].^ S W ÆY` Z Q ]>x�� cHc pH� S_d_N1h|cHd X S X f5Q�S�c Z8Xb�in QHSYQHS/G
• è�W jkh|S nÜo PaPRf	T nH� N#Pgf ^ S_hiPRf�jkT	KVT5N	G è f�T	cHd ^Vn Pgf ^ S_hiPRf1jkT	K x�Z T nwp T	S �
^ `bj X KLT5c�dHT	S X] `�P ^Ln Pgf ^ S_hiPRf�jkT5K x�Z T n_p T5S �5^ `[jR`[S XHn NgMLf	Pgf5T Z T	PgTHG

ê âµë�ì|âµçJá
• è f o PaPgf5T X�W `HPgSY`HK�Æ X Pgf5SY`HKON x�� cHc p�� SwdHT n T5N ] Q�PRN�Pgf5Q Z Q�f5f5h n¯o PaPRf	THGí� X NaK XH\n�oHZ SwdHT5f	T
N \ T	S X�].^ S_Na`HS nH� S_N ^ Pgf5Q Z f X NgQHN X .∗

Q s T Z `bNgQ ZgZ8X K pH� cHT5f	f �|n Gæî³K�G
z = x . ∗ y y � z

ê�ï çJðkçæâµçJá
•
I \|Z `[f5Q�K jkhYS n h|c�d X S X f	QHS�c ZaX[�Yn Q�S|QHS#ÆY` Z Q ]·X f5Q�S|Q�P x�Z T nwp T5S �5^ `[jkt�Pgf ^ SwhYPRfrjkT	KVT5N	l
(φ0 = 0)

l X�] T5KLdHT n�X[].s K ^ Nat Wvu j X�Z T5S WvZ T 1, 1

2
, 2.

}



ñ å�ò1ã ð«óvë�ðRçæá
y[n] = x[n − k] y ¸Hz

m = n − k, y[m + k] = x[m] y º_z� � Pgf5MVNaPgT5SÜ� X NaK XH\�x�� cHc p�� Swd_N X�n�obp T5N n T	f5U�PRf ^ c�S X Nat Z ` pbX K q���_�r�b�r�[�[����ô��A�| w¡i¥w�!õ¢¥!Öµ�!�_�³¨g����£��Üör­I \|Z `[f	QHK jkQHS�h|cHd X S X f5QHS�c Z8Xb�Yn QHS|Q�S�T5c�d�PRf ^ SwhYPgf jkT	KVT5N � PæT	S|S|T n T5KVNgQHKVN p `[KVNgQHf X N8`bN	G
÷Âø ï ì|ù³âµú á

y[n] = x[−n] y Ó z� � Pgf5MVNaPgT5SÜ� X NaK XH\�x�� cHc p�� Swd_N X�n�obp T5N n T	f5U�PRf ^ c�S X Nat Z ` pbX K q���_�r�b�r�[�[����ô��k�v w¡i¥v�!õw�v�vû�üJ¨R���k�r­I \|Z `[f	QHK jkQHS¶h|c�d X S X f5Q�Sýc ZaX[�Yn Q�S|QHS�T5cHdÂPRf ^ SwhYPgf�jkT5KLT
N � P�T	S|S|T n N �Yn_Zao f o NgN p `HKO¿NgQ�f X Na`bN{G ¼�X Pgf5Si`[K j X�x T	K X �|û|�{¤iûH¾ � X NaK XH\�x�� c�c p�� Swd_N	À
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