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1. (8©)VÑªÃÒ�DTMF&Ò�±^DFTÌÝªÌ5)è§®��U
�éA�DTMFVÑªXe¤«"éu8kHz�æ�ªÇ§DFTI��
�°Ý�õ�£^æ�:êÚ�m¦ê¤âU�y«©���º

1209Hz 1336Hz 1477Hz
697Hz 1 2 3
770Hz 4 5 6
852Hz 7 8 9
941Hz ∗ 0 #

)µ�âVÑªÃÒ��n§k¦���ªÇm�∆f

∆f = min {941− 852, 852− 770, 770− 697, 1477− 1336, 1336− 1209}
= 73 Hz

K�y«©����S��Ý£=DFTI���°Ý¤�

N ≥ fs/∆f = 8000/73 = 109.59 ≈ 110

éA��m�Ý�

T = N/fs = 110/8000 = 0.01375 (s)

2. (8©)Á^òÈÚFp�C��½Â§y²eª

F [f1(t) · f2(t)] =
1

2π
F [f1(t)] ∗ F [f2(t)]

y²µdòÈÚFp�C��½Â§k

F [f1(t)f2(t)] =

∫ ∞

−∞
f1(t)f2(t)e

−jωtdt

=

∫ ∞

−∞

[
1

2π

∫ ∞

−∞
F1(λ)ejλtdλ

]
f2(t)e

−jωtdt

=
1

2π

∫ ∞

−∞
F1(λ)

[∫ ∞

−∞
f2(t)e

−j(ω−λ)tdt

]
dλ

=
1

2π

∫ ∞

−∞
F1(λ)F2(ω − λ)dλ

=
1

2π
F1(ω) ∗ F2(ω)

�



3. (8©)&Òx(t)�Fp�ªÌ�X(ω)§&Òp(t)´Äª�ω0�±Ï¼ê§
E�ê/ª�Fp�?ê^anL«"¦æ�&Òy(t) = x(t)p(t)�Fp
�C�"

)µ

F [y(t)] = F [x(t)p(t)]

=
1

2π
X(ω) ∗ F [p(t)]

=
1

2π
X(ω) ∗

∞∑
n=−∞

2πanδ(ω − nω0)

=
∞∑

n=−∞

anX(ω − nω0)

4. (10©)®�,ÈÅì�D4¼êXeª§

H(z) =
2− 3z−1 + 4z−3

1 + 0.2z−1 − 0.3z−2 + 0.5z−4

(1) �Ñ�A��©�§"

(2) xÑÈÅì�&Ò6§ã"

)µ

(1) ÈÅì��©�§�

y(n) = −0.2y(n−1)+0.3y(n−2)−0.5y(n−4)+2x(n)−3x(n−1)+4x(n−3)

(2) ÈÅì�&Ò6§ã�µ
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5. (10©)ée¡�Ñ�ZC�(J§¦§éA�¤k�U�S�"

X(z) =
7− 9.5z−1 − 3.5z−2 + 5.5z−3

(1− z−2)(1− 0.5z−1)(1− 1.5z−1)



)µé�ª?1Ü©©ªÐm§�

X(z) =
1

1− z−1
+

1

1 + z−1
+

3

1− 0.5z−1
+

2

1− 1.5z−1

§¤éA�S�kXeo«µ

x1(n) = − [1 + (−1)n + 3(0.5)n + 2(1.5)n] u(−n− 1)

x2(n) = 3(0.5)nu(n)− [1 + (−1)n + 2(1.5)n] u(−n− 1)

x3(n) = [1 + (−1)n + 3(0.5)n] u(n)− 2(1.5)nu(−n− 1)

x4(n) = [1 + (−1)n + 3(0.5)n + 2(1.5)n] u(n)

6. (10©),&Ò�Ð�¹kü�ªÇ©þ§ªÇ©O´f1 = 1kHzÚf2 =
2kHz"y3Ï�,«�Ï§T&Ò¥·\
��#�ªÇ©þ§©þ
�ªÇ´�kü©þªÇ�m�,��"�
é�ù�©þ�äNªÇ
�§éT&Ò?110kHzæ�¿?1©Û"�é10ms�æ�êâ?1©
Û�§�±lªÌã¥éÑ@�#�ªÇ©þ"Á�â±þ&E§¦#
ªÇ©þ�U�ªÇ��"

)µ�âK¿§æ����S��Ý�

L = fsTL = 10× 10 = 100

3ù��Ý���e§U©Em���ªÇm��

∆f = fs/L = 10/100 = 0.1kHz

q§#�ªÇ©þ3�k©þ�m§§��k©þ�m�ªÇm�A�
uªÇ©EÇ£ÄK§ÒØ�Uuyù�ªÇ©þ
¤§Ïd§TªÇ
©þ�ªÇ�����

fmin
3 = f1 + ∆f = 1 + 0.1 = 1.1 kHz

fmax
3 = f2 −∆f = 2− 0.1 = 1.9 kHz

7. (10©)ü�¢S�x1(n)Úx2(n)�lÑFp�C�©O�X1(k)ÚX2(k)"
ES�g(n) = x1(n) + jx2(n)§ÙlÑFp�C��G(k)§¢Ü�Ûó
©þÚJÜ�Ûó©þ©O�GOR(k)!GER(k)!GOI(k)!GEI(k)"Á
|^GOR(k)!GER(k)!GOI(k)!GEI(k)5L«X1(k)ÚX2(k)"

)µ�âK¿§�½

g(n) = x1(n) + jx2(n)

K

G(k) = X1(k) + jX2(k)

= GOR(k) + GER(k) + j [GOI(k) + GEI(k)]



Ï�§ex1(n)�¢S�§KX1(k)�¢êÜ©7´óé¡�§
JêÜ
©7´Ûé¡�§X2(k)�´Ó��"Ïd§

G(k) = X1(k) + jX2(k)

= GER(k) + jGOI(k) + j [GEI(k)− jGOR(k)]

�
X1(k) = GER(k) + jGOI(k)

X2(k) = GEI(k)− jGOR(k)

8. (12©)®�,êiÈÅì3æ�ªÇ�12kHz��ÌÝªÇ�AXeã
¤«

(1) ^�[ªÇ�OêiªÇ§xÑÌÝªÇ�A­�"

(2) $ÏÈÅì��°´õ�â[º(-3dB?�ªÇ)

(3) eòæ�ªÇC¤30kHz§KÈÅì��°´õ�â[º
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(1) êiªÇ0 ∼ πlÝ=�¤�[ªÇ0 ∼ 6000 Hz§ÌÝªÇ�AA
5­��/GØC§�´Y²¶�IPCz§«¿ãXeµ
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(2) �âÌÝªÇ�AA5ã§�±��ÈÅì��°ªÇCq�1800
Hz"

(3) XJæ�ªÇC�30kHz§K�A�°C�

1800/12000× 30000 = 4500 Hz

9. (12©)ªÇ�6kHz��uÅ§±7.5kHz?1æ�§����lÑ�êâ
S�"éù�S�?1±eØÓ:ê�DFT§©O¦ù
ÌÝªÌ¥�
¸Ñy� �"

(1) 32:DFT

(2) 64:DFT

(3) 128:DFT

)µ�uÅ�ªÇ´6kHz§
æ�ªÇ�k7.5kHz§¤±æ���ê
i&ÒªÌò¬Ñy·U§(J¬31.5kHzÚ6kHz?ÑyªÇ©þ"
3ØÓ�DFT°Ýe§ªÌ¥¸� ��´ØÓ�"

(1) 32:DFT:

k1 = 6/7.5× 32 = 25.6 → 26

k2 = N − k1 = 32− 26 = 6

(2) 64:DFT:

k1 = 6/7.5× 64 = 51.2 → 51

k2 = N − k1 = 64− 51 = 13

(3) 128:DFT:

k1 = 6/7.5× 128 = 102.4 → 102

k2 = N − k1 = 128− 102 = 26



10. (12©)éx(n) = sin(n4π/7)O�DFT§æ�ªÇ�22kHz"

(1) ¦ù��u�êiªÇ"

(2) dêiªÇéA��[ªÇ´õ�º

(3) XJ��yªÌ¸Ñy3�( ��10Hz±S§?1DFT�N��
��õ�º£�=�ÄN�2����¹¤

(4) éuþ�¯¥���N§ªÌ¸3�o/�º

)µ

(1) �u&Ò�êiªÇ�ω = 4π/7

(2) êiªÇéA��[ªÇ�

f = ω × fs/2π = 44000/7 = 6285.714 Hz

(3) �âK¿§DFT���ªÇ©EÇ´∆f = 2× 10 = 20 Hz§¤±§
?1DFT©Û��S�����

N ≥ fs/∆f = 22000/20 = 1100 → 2048 £�2��êg�¤

(4) XJS��Ý�2048§KªÌ¸� ��

k1 = ω/2π ×N = 2/7× 2048 = 585.14 → 585

k2 = N − k1 = 2048− 585 = 1463
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