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1. (12©) ®�S�x(n)Úy(n)©OXe§¦§���òÈs1(n) = x(n) ∗ y(n)§±93N =
4, 6, 9:���òÈs2(n) = x(n) ~ y(n)"

x(n) = [2, 1,−1, 2], y(n) = [1, 3, 1, 1,−1, 2,−1, 1]

2. (10©) ®�x(n)´���Ý�2N�¢S�§Ù2N:DFT�X(k)"�
JpO�DFT�
�Ç§òx(n)©)¤ü���N�fS�g(n)Úh(n)§|¤����N�ES�y(n) =
g(n) + jh(n)§�ÙN:DFT�Y (k)"XJ^FFT�{¦)Y (k)§,�ÄudFFT(J5
¦)X(k)§�¦3¦)L§¥Ø�¦^DFT_C�§Kµ

(a) g(n)!h(n)�x(n)�'XXÛº=AXÛ©)�S�¤ü�fS�"

(b) Y (k)�X(k)�'XXÛº=XÛ^ES�y(n)�FFT(J5¦S�x(n)�DFT"

3. (10©) ®�S�x(n)��Ý�N£�"óê¤§§�N:DFT�X(k)"XJS�÷vX
e'X

x(n) = −x((n+N/2)%N), 0 ≤ n ≤ N − 1

y²µX(k)=3k�Ûê�k�"�§�ù
�"��±�^��N/2:�DFT5O�
£�IO\�þ��	$�¤§�¦�ÑTO�L§"

4. (10©) ®�f(t)´��±Ï&Ò§�ÙFp�?ê�Fn"e3÷vÄ�½n�¦�
^�e§éÙ?1Ä�§3z�±Ï�mSþ�±��N�æ��"�l,��
m:m©§E�ÙN�ëY���:&Ò�§����k���S�x(n)"Á¦S
�x(n)�N:DFTC��Fn�'X"

5. (6©) eée�&Ò?1æ�§¦G¿dAm�TNÚG¿dAªÇfNµ

(a) f1(t) = Sa(100t)

(b) f2(t) = Sa2(100t)

(c) f3(t) = Sa(100t) + Sa10(50t)

6. (16©) �
?n,«AÏ�&Ò§I��O��;��?nXÚ§ÙXÚ¼ê�µ

H(z) =
5.2 + 1.58z−1 + 1.41z−2 − 1.6z−3

(1− 0.5z−1)(1 + 0.9z−1 + 0.8z−2)

(a) xÑ��I.¢y�ÈÅì(�ã"

(b) xÑ��II.£;�.¤¢y�ÈÅì(�ã"

(c) xÑ^�«¿é.¢y�ÈÅì(�ã"

(d) c�¯¥¤�¿éXÚ���¿éfXÚ�ü À-�A"

7. (16©) ®�,lÑ&Ò?nXÚ´���5�ØC�ÏJXÚ§§´^e¡Python�è
5¢y�µ

x_1 = 0

y_1 = 0

y_2 = 0

def filter(x):

global x_1, y_1, y_2

y = y_1 + y_2 + x_1
11�§�2�



x_1 = x

y_2 = y_1

y_1 = y

return y

�þ¡§S���C++§S¢yXeµ

short filter(short x)

{

static short x_1 = 0, y_1 = 0, y_2 = 0;

short y = y_1 + y_2 + x_1;

x_1 = x;

y_2 = y_1;

y_1 = y;

return y;

}

(a) �ÑXÚ��©�§¶

(b) ¦ù�XÚ�XÚ¼ê§¿�ÑÙÂñ�¶

(c) ¦dXÚ�ü À-�A¶

(d) duþãXÚ¢Sþ´Ø­½�§�\éÑ��k�ÓXÚ¼ê�­½�£�ÏJ
�¤XÚ§O�Ùü À-�A"

8. (10©) ^V�5C�{�O$ÏIIRÈÅìµ-3dB?�ªÇ�2000Hz§2500Hz?OÃe
ü
25dB§æ�Ç�16000Hz"�O�Ü·�ÈÅì�ê"

9. (10©) �&Òæ�ªÇ�16000Hz§^I¼ê{�O��FIRpÏêiÈÅì§�¦µÏ
�>�2000Hz§LÞ�°Ý�500Hz§{�P~�40dB"

e¡´�OÈÅì��U¬^���«úª½&Eµ

• Ý/I: w(n) = 1, I�: 0.91fs/T.W., {�P~21dB

• ÇwI: 0.5 + 0.5 cos(2πn/(N − 1)), I�: 3.32fs/T.W., {�P~44dB

• M²I: 0.54 + 0.46 cos(2πn/(N − 1)), I�: 3.44fs/T.W., {�P~55dB

• IIRÈÅì{�P~�= −20 log δs

• IIRÈÅì�V�5C��O{¥§�[ªÇΩ�êiªÇω�m�ýÛ
­�§�Ω = 2fs tan(ω/2)

• IIRÈÅì�êO�úª

n ≥
log

(
1
δ2s
− 1

)
2 log

(
Ωs

Ωp

) , n ∈ Z

Ù¥§Ωs�{�>��[ªÇ§Ωp�Ï�>��[ªÇ
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