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x, ((1—=m))Ry (m) 1 1 -1 -1 —1—1 —1 1 1 1 y(H=—1
x, ((2—m))Ry (m) 11 1-1-1-1-1-1 1 1 y(2)=1
x5, ((3—m))Ryx(m) 1 1 1 1 —1—1—1-—1—1 1 y(3)=3
a2 ((4—m))Ry (m) 1 1 1 1 1 -1 —1—1—1 —1 y(4)=5
x, ((5—m))Ry (m) —1 1 1 1 1 1 —1—-1—1 —1 y(5)=3
a2 ((6—m))Ry (m) —1 —1 1 1 1 1 1 —1 —1 —1 y(6)=1
a3, ((7T—m))Rx (m) —1 —1 —1 1 1 1 1 1 —1 —1 y(7H)y=—1
x5 ((8—m))Ry (m) —1 —1 —1 —1 1 1 1 1 1 —1 y(8)=—3
x, (C9—m))Ry (m) —1 -1 —1 —1 —1 1 1 1 1 1 y(9)=—5
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0l 1L 23 45 6 789 n

xa((—mMRp(m)

Xa((T=m))Rinr)

wm)

Ul”“lili c

Bl 3-8 i 3-2 EIff kR B B
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Jit LA
y(T’I):{_35_1a19395a3919_19_39_5}, O<n<9

33 B (=R ()2 = () s KR X o) I H 2 G FIX () T
2. h

5

X(B) = D) aWi = D) (e T = 14 e 7 o T i

n=0 n=0
T o A
X(0) = 4,X(1) =—(4/3.X(2) =1

X(3) =0,X(4) = 1.X(5) =j3
GO RX GO BB I 3-9 % .

x(n)

“-T"!1=1£!1z-f"“

—7-6 -5 4-3-2-1 0

3-4 GER] DFT A3 FrE B, B X (k) =DFT[x(n) |, iKiE
DET[X(n)] = Na (N — k)
iERR: KN

N—1

X(h) = DWWk, 0<rh<N—1

n=0

Jir LA

N—1 N—1

N—1
DFT[X(0] = X XoWk = 2(21~<m>Wt<#’)W?\<f
n=0 n=0 \ m=0
N—1 N—1
— ZI(m) ZW:’I\EM‘F/«)
m=0 n=0
A
0m<N—1

Wn(m k)
N -

n=0

N-1 N, m=N—k%*
{O, miN—k’
B LA
DFT[X(n)] = Nax (N — k)
3-5 LR BB O L AR A 8T S0 0 R S
(D 2" X" ((—R))Ry(k);
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(2) 2" ((—)NRyv(m)= X" (k)
(3) Re[z(m) ] X (k)
4) JIm[x(n) Jo> X, (),

n=0

N—1 N—1 *
ERB: (D Xk = D a" (WE = [mew«*} = X" ((—E) xRy (R
n=0

N—1 N—1

(2) Xo (k) = D x" ((—n)aRN()WH = |:Zx ((n)),\rR.\r(n)Wx”k} = X" (k)
n=0 n=0

N-1 N—1
(3) X, (1) = S ReLaIWE = 33 LG+ 2 (0 IWH
n=0 n=0

— %[X(k) X ((— )Ry (B)] = Xop(R)
N-1 N-1

) Xk = D 3Imlx()IWH = > %Exm e W

n=0 n=0

- %[X(k) X ()R (D] = X ()

3-6 GEPHE G SEAENTRR, Bl () =2 (N—n) , U] X)W XTRR; B x(n) 323 %
L ED 2y =—a(N—n) , | X (k) Hali i mBOTAa R, (3. XR)=DFTLx(m) D
UE AR .

[@D) 1(7’1):%[1‘(17)—Q—x(N*n)]:%[x(n)—’—x* (N—n)]

X(B) = A[X(B) + X" ()] = Re[X(B) ], S2HE%

T2
X
N—1 N—1
X(By= D xmWERy (k) = > o(N—m)WHR (k)
n=0 n=0

N—1

N
= D2 xmW Ry (k) = > x(m)W "Ry (k)
m=1 m=0

N—1

= 2 aGmW PR (k) = X(N — k) BT Fi

m=0

(2) I(n):%[x(n)*I(N*n)]:%[r(n)*x* (N—n) ]

X&) = %[X(k) X ()] = iIm[X (BT, ik

S
(=)o X(—k)
2(N—m) WX (—k) = X(—k) = X(N—£k)

N—1 N—1

X(h= D xWERN(R) =— D x(N— Wk

=— X(N — k) , & X B
37 BHIEKN NWARKFS o GO (DB RREN 2. ) =2, (N—1—n), ¥
DFT[x; () J=X, (k) . {UE] DFT[ 2, () J=W X (N—k),
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N—1

ER: DFT[2:()] = D o (N—1—mWV
n=0
B N—1—n=mfRA.1§

N—1 N—1

DFT[x:(n) ]= ZII(?’VL)W%N = le(m)W%N VW
m=0 m=0

N—1

= W¥ 20X W™ = WX ((— k)R N (R) = WX (N — &)

3-8 DAUFSH x () =a"u(n),0<a<<1, %t x(n) i) Z A e X Co) 78 B 15 I 26 7] B R B
N g RAEE A
X)) = X)) |ewys k=0,1,,N—1
KA BT F IDFTLX (&) ],
& ik 1

X(2) = Z a"z "

m=0

X)) = X(2) |owy = D a"Wh'
0

m=
N-—1

N—1 oo
IDFTIX (0] = L ST XMW" = £ Da" Wi
k=0

m=0 k=0

(09 m#= n-+rN
- - = —Ryvn)
Tza'"RN(n), m=n-+rN 1—av " "
r=0
FHE 2,
505
N—1 1 N
n n kn —a
DFT[a"Ry(n)] = ;})a wh = T
AL
a@'Ry(n) 1 B
= IDFT[il —anJ* IDFT[X (k)]

T3 3+ DR A AU SR AR S 7 A R S8 ) 90 4 4 e LA

IDFT[X(K) ]= > x(n+rN)

r=-—o

= Za””\'u(nerN), n=0,1,~,N—1

AP, Y nt+rN=00 .8 ulnt+rN)F£0,
NHR 0<n<IN—1, LA
(n—Q—rN}O

4 _>T>OyEI] T/\ﬁ'éEXIEfEO E?u
IOgngN*I

IDFTLX(B)]= Do = > (@) = %Y n=0,1,+,N—1
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39 EHIFES () =a"Rs(n) , X(e”)=DTFT[x(n) ]. % X(&“)TE w B—JEH (0

w<<270) P A () B SRR SR AE SSUBCR 6 0 SRR
X(k) = X&) |,-2miss k=0,1,+,5

TRAR I A0 F R 5 BIOR A PR K F S 26 () =IDFTLX(B) J.n=0,1,+.,5,

Fif AR R S L AR A T (0w 270) PN B R) B SR A N AL U] sk J A 37
() LN A5 TR0 45 SR 0 2 4 77 31V & AR5 1 (67 9 2on G o X L JFTF A1 2 ()
KBE M=8, B R e N=6, M 7E 0<<n<<5 FMHX AW, RHHE «G) LA AR —A4 Y
(N DB FF a(n+6) B E B nr . fr s

©

xs(n) = IDFT[ X (k) ]= Zx(nﬁLrN)Rg(n) =[x +xn+6)]Rs(n)

r=—own

=[a"Rs(n) +a"""Ry(n+ 6)JRs (n)
={1+a" at+d o & o &y, n=0,1,-,5
310 SHMANFEI () =1{1,2,3,4,5,0,0},y(m)=1{1,1,1,1,0,0,0} 3tk
(D BN EABERGIHKE R N=7);
) EMMEMEROFIKE R N=7);
(3) HIIEN R 4 R JHR 3 P A 7 91 i Rt 5 B B 5 R W45 R SR o 8] G
N, =5 #l N.=4 FAH0 .

N—1

. (Dot = > 2tm) y(n—m)
m=0
JIABR Ay N=7 Wiz Bk 3-5 iR,

£35 310 FPEREEITEN=D

m oe—4 =3 —2-—-10 1 2 3 4 5 6 7 8 9 10 - w (m)

x (m) 45 0 0O 1 2 3 4 5 0 0 1 2 3 4.

y(m) <1 0 0 0 1 1 1 1 0 0 o0 1 1 1 1-.-

y(—m) 0 1 1 1 1 0 o0 0 1 1 1 1 0 0 0= | @(0)=6
y(1—m) <0 0 1 1 1 1 0 o 0 1 1 1 1 0 0 | g(1)=3
y(2—m) <0 0 0 1 1 1 1 0 0o 0 1 1 1 1 0 | @(2)=6
y(3—m) <10 0 0 1 1 1 1 0 0 o0 1 1 1 1 | 5(3)=10
y4—m) el 10 0 0 1 1 1 10 o o0 1 1 1 | @(4D)=14
y(5—m) el 1 1 0 o o0 1 1 1 1 0o o0 0 1 1 | o(5)=12
y(6—m) el 1 1 1 0 0 0 1 1 1 1 0 0 0 I+ | @(6)=9

w(n)={+6,3,6,10,14,12,9-+ ) R E W %1 .

N—1
(2) wn) = 2@ yn) = {2 x(m) ymm} « Ry(n)

m=0

THIN=DHEEERzREIRWE 3-6 Fin,
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¥

P15 F (3R

F36 BIIOEFEREELEBN=T)
m 1 2 3 4 wlm)

x(m) 2 3 4 5
y(m) 1 1 1 0
y((—m))Rx (m) 0 0 0 1 w(0)=6
y((1—m))Ry (m) 1 0 0 0 w(l)=3
y((2—m))Ry (m) 1 1 0 0 w(2)=6
y((3—m))Ry (m) 1 1 1 0 w(3)=10
y((4—m))Ry (m) 1 1 1 1 w(4)=14
y((5—m))Ry (m) 0 1 1 1 w(5)=12
y((6—m))Ry (m) 0 0 1 1 w(6)=9

w(n)={6,3,6,10,14,12,9 } A KT 5, X o Go B EME M4

(3) N=ZN,+N,—1=5+4—1=8

8 MIN=8) 1Rl Ji &z F LB ER 3-7 Fiw.

£37 EII0EFAEREETEN=S8)
m 0 1 2 3 4 5 6 7 w(m)
x(m) 1 2 3 4 5 0 0 0
y(m) 1 1 1 1 0 0 0 0
y((—m))H)Ry (m) 1 0 0 0 0 1 1 1 w(0)=1
y((1—m))Ry (Gm) 1 1 0 0 0 0 1 1 w(l)=3
y((2—m))Ry (Gm) 1 1 1 0 0 0 0 1 w(2)=6
y((3—m))Ry (m) 1 1 1 1 0 0 0 0 w(3)=10
y((4—m))Ry (m) 0 1 1 1 1 0 0 0 w(d)=14
y((5—m))Ry (m) 0 0 1 1 1 1 0 0 w(5) =12
y((6—m))Ry(m) 0 0 0 1 1 1 1 0 w(6)=9
y((7—m))Ry (m) 0 0 0 0 1 1 1 1 w(7)=5
wn)=1{1,3,6,10,14,12,9,5}
HERMWAZER K

O Y N=N+N,— 10, BHEERSL R R .

@ Y NN +N,— 10 BB S L EEREE R AR, XMz el FXLEs
TR IE &5 S J] 400 228 4 1T 7 A 00 & 2k B IR Y

LPEBRHGER. 1 3 6 10 14 12 9 i 5

N=17 [& {4 H 1 36 10 14 12 9 :5

CJEI 7 ZEHD) 1 3 6 10 14

BmeER. +

«e14 12 9316 3 6 10 14 12 9 26 3 6 -
Zig: AXTFREF(N, N, — D LW E B ERERTAKBL M LM,
311 BEHWAFEN () =n+1,0<n<3, y(n) =(—1)",0<n<3, JH R H HFH PR
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XA 78 B Lotk B T

B 2K E N =4,y KE N.=4,24 L=N,+N,—1=7 i}, [@ ] %H
&G R—F, Br Lt L=7 09 8 J8 & FURD A 15 20 P A P 90 i et B R g (n) =
x(n) '><'_’y(n)0

KRR iBE RN 3-8 FiR.

*38 W31 ERAEREELTRAL=D

m 0 1 2 3 4 5 6 g(n)
x(m) 1 2 3 4 0 0 0
y(m) 1 —1 1 —1 0 0 0
y((—m))HR, (m) 1 0 0 0 —1 1 —1 1] g=1
y((1—m))R; (m) —1 1 0 0 0 —1 1] g(hH=1
y((2—m))IR, (m) 1 —1 1 0 0 0 —1 | g2)=2
y((3—m))IR, (m) —1 1 —1 1 0 0 0] g3)=2
y((4—m))R. (m) 0 —1 1 —1 1 0 0] g4)=-—3
y((5—m))R; (m) 0 0 —1 1 —1 1 0] gt)=1
y((6—m))IR, (m) 0 0 0 —1 1 —1 1] g(6)=—4

gn) = {1,1,2,2, — 3,1, — 4}, 0<n<6
312 2HWANFEY] 20 () = (0.5)"R, () y2 (n) =Ry (n) , SKEANTH LML, L) K
4 5.6 SR8 A B R B
R (D LMWEH., RHSIRE, BESBENE 3-9 Pix.

R399 WIR2L&UBSREEIRE

m —2  —1 0 1 2 3 4 5 y(n)
xy (m) 1 0.5 0.25 0.125
x5 (m) 1 1 1 1
a2 (—m) 1 1 1 1 y(0)=1
a2 (1—m) 1 1 1 1 y(1)=1.5
x2(2—m) 1 1 1 1 y(2)=1.75
a2 (3—m) 1 1 1 1 y(3)=1.875
. (4—m) 1 1 1 1 y(4)=0.875
a2 (5—m) 1 1 1 1 y(5)=0.375
a2 (6—m) 1 1 1 1 y(6)=0.125

R ATIEES

yi()=1{1,1.5,1.75,1.875,0.875,0. 375,0. 125}, 0<<n<<6
(2) 4 JBAHBR IR GEH S RINFE 3-10 Fix,
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¥
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£310 IR EAERZELRL=4

m 0 1 2 3 y(n)
a1 (m) 1 0.5 0.25 0.125
a2 (m) 1 1 1 1
2, (C—m))HRy (m) 1 1 1 1 y(0)=1.875
x: ((1—=m))IR (m) 1 1 1 1 y(1)=1.875
2, ((2—m))IR (m) 1 1 1 1 y(2)=1.875
2, ((3—m))IRL (m) 1 1 1 1 y(3)=1.875

ye(n) = {1.875,1.875,1.875,1.875}, 0<<n<_3
ol I A4 LS T AL 56 &

L=48f,y.(n)= { 2 yz(nJrrL)}R;,(n) = { 2 yz(n+4r)}Rq(n)

= {0.875,0.375,0.125,0} + {1,1.5,1.75,1. 875}
= {1.875,1.875,1.875,1.875} , 0<Cn<3
(3) 6 B BRI LR BHEBRWNE 3-11 Pin,

F 311 @R ERABSREELTRERDL=6)

m 0 1 2 3 4 5 y(n)
x1 (m) 1 0.5 0.25 0.125 0 0
xo (m) 1 1 1 1 0 0
x5, (C—m))IRy (m) 1 0 0 1 1 1 y(0)=1.125
a2, ((1—=m))IRy (m) 1 1 0 0 1 1 y(1=1.5
a2, ((2—m))IR (m) 1 1 1 0 0 1 y(2)=1.75
a2, ((3—m))IR, (m) 1 1 1 1 0 0 y(3)=1.875
a2 ((4—m))IR; (m) 0 1 1 1 1 0 y(4)=0.875
2, ((5—m))IR, (m) 0 0 1 1 1 1 y(5)=0.375

ye(n) = {1.125,1.5,1.75,1.875,0.875,0.375} » 0<<n<_5
oy R S RS R R B BN E &R

L=60,y.(n)= [ Z y,(n+rL)}RL(n) = [ Z yz(n+6r)i|R6(n)

= {0.125,0,0,0,0,0} + {1,1.5,1.75,1.875,0. 875,0. 375}
= {1.125,1.5,1.75,1.875,0.875,0. 375} , 0<Cn<5
(4) 8 mIA &M I RK) s Fid IR 3-12 fros.

F312 FIREARABREELTRAL=8)

m 0 1 2 3 4 5 6 7 y(n)
a1 (m) 1 0.5 0.25 0.125 0 0 0 0
x5 (m) 1 1 1 1 0 0 0 0
x: ((—m))R, (m) 1 0 0 0 0 1 1 1 y(0)=1
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m 0 1 2 3 4 5 6 7 y(n)
x: ((1—m))IR; (m) 1 1 0 0 0 0 1 1 y(=1.5
x>, ((2—m))IR. (m) 1 1 1 0 0 0 0 1 y(2)=1.75
a2 ((3—m))IR, (m) 1 1 1 1 0 0 0 0 y(3)=1.875
x: ((4—m))IR (m) 0 1 1 1 1 0 0 0 y(4)=0.875
2, ((5—m))IR, (m) 0 0 1 1 1 1 0 0 y(5)=0.375
22 ((6—m))IRL (m) 0 0 0 1 1 1 1 0 y(6)=0.125
a2 ((T—m))IR; (m) 0 0 0 0 1 1 1 1 y(7)=0
y.(n) ={1,1.5,1.75,1.875,0.875,0.375,0.125,0}) , 0<n<C7

ALY L=N N — 1 B SRS LSRR R —

B A A ARV 1 A 5 AR G &
L=8mf.y.(n)= { > y,(nJrrL)}RL(n) = { D y,(nJrSr)iIRg(n)

=y =1{1,1.5,1.75,1.875,0.875,0. 375,0.125,0}) , 0<n<7

313 B ERKEN NWARKFES . X)) =DFTLx() ], BB K EY K r £i5,

FHREEN PN A RKFS] vy 00

K DFTy() 15 XWX R,

N—1

. Xk = D a(mWy
" rN—1
Y& = D y(Wi

n=0 n=0

N—1 -
= Zx(n)W;I = X(%)

3-14 A7 BRE R 1) A 2 IR L I AR R Y T O Z A A B B B A HORE . A 10 s
P8 (o) 4 5 R L I A2 40 25 T X Co) £ B2 B 10 A>3 20 i b B BORE  An AT A 3-14 ()
It BT SRR TR 3-14 (b) Fir 7 18 JA] b X (o) 9 55 ] B JBURE S Bl X () | o setcmio oo

&b ZH

W R (), A

jimlz]

‘ 2n/10rad

REAF B 5 81 oy G o (B HICRE LI AR 00 2 T B3R B9 X (o) HORE .

jimlz]

' 21/10rad

T/ 10rad

(a)
Fa 3-14

9
2

]
\”‘V 12 Ret]

(b)

9

. X, (k) = 2 x (e = X(2) | o—o, sel2n/ 10/ 10)] = 2 ()" | s s/ 10+(/100]

n=0

9
. 7 .2n
= Zx(n) (0.5) e e it

n=0

n=0
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SR AT
z1(n) = (0.5) "e ™x(n)
3-15 (1) FAEE LA 10, 24k Hz BORRAE, HAHE T 1024 A RAE Ry 2 H 5L 28 46
SRS R FE 2 8] 14 51 3% [1] B
(2) VL BB H 2 40 PR DL SCHEAT T R B L A e SR A B i A e ) R
FE R E] B2 207 A 1024 SN 98 2707

N fs 10.24
7. i 2R o =/ Y2t
f#. (D FiXREpgF N = 1071 0.01kHz
o N 1 1
2. el =) - = - @ .
(2) REESEMERE T £ 710, 2411z 97. 66}15

A 1024 1 59 55 B k0 7 K NT:%ZIOOmso

316 # () FRRKEN N =8 SWARKTFI ., y() F/RK BN N =20 i iA R
KIF N RGO RPHAFH 20 53 (9 25 0 Bt A8 4 Al 3 L ok~ Go) IR 4R - Go IR 2L 5
x () y(n) R PE B FUAHZE .

R cGOMRKER 8 L FH yGo KR 20 fL8 260 x yG) KR

N=N,+N;—1=27
KR8 2 Go L yGo Y 20 s8] JE &L B L=20, r IEE KN N—L=27—20=7,
MM, L=20 Sy I H#0E i B A S BUF 5 B — N N TE n=0 B n=N—L—1=
27—20—1=6 XL QAR ARSI 20 fEFEH rGoHET 2005 yOo) LSRR
W 7~19,

Hoorprn BRI E 3-10 Fis,

)

viln) ."z&i’) i)

I N7 19 7 T )
20 —19 0 6, ;20 26 n

[ 3-10 i 3-16 4y #r s = E

3-17 HINARETFY) 200 M vy B EE X E] Ry
x(n) =0, n<0,8<n
y(n) =0, n<0,20<n
Xt AN P HIAE 20 45 DET, B
X(k) = DFET[x() ], k=0,1,,19
Y(k) = DFT[y() ], k= 0,1,,19
LB F()=X(k) +Y(k), k=0,1,,19
fG=IDFT[F(&)], k=0,1,-,19
IR TEMRLE S ) =x2(n) * y()? A7
B RS e O MR 8 55 yOOIIKIEN 20 A1, 80 20 % yOo K BER
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N=N +N,—1=27

KR GO R yGo 1 20 g B JE SR B L =20, B IR MKy N—L=27—
20="7, ML BT LL L =20 A Ji 01 ZE #08 B8 8 45 BT 1 B — D RN AE n=0 %] n=
N—L—1=27—20—1=6 ik %S4 K ARSI 20 SEFER r-oDHET 205 vy By
MG R 7~19,

SEBR b ASEURD | — g5 R — A HOR R B Rk AR T

3-18 EHFS G K E R 120 HL 75 y ) KN 185 &, & 1FH o (n)
vy BY 256 SR E LR g R PHY T 2005 y) L ERBILEZ £ b9

e SR i R 17 T 1 SR

3-19 EH—NEREKEFINH () =06(n—2)+36(n—4)

(D) SREM 8 fUB B A2 4 X (k) ;

(2) BHEUFF) yGo 1 8 A BB Bt A8 45 Y (k) =W X (k) . 3RIFF y(n) o

N—1

7
. (DX = D Wy = > [0(n—2) +35(n—4) W
n=20

=
— WP 4 3Wi — ¢ 7% 4 3¢ 75
= (—D'+H3(—=D" k=0,1,,7
(2) YR =W XU, y() J& xGo) [ A TGRS A7 4 B 455,
yn) =2 ((n—4))sRs(n) = §(n—6) 4+ 38(n)
|
Y(R) = WX (k) = W (W 4 3Weh) = Wit +3W = W 43
JiF LA
y(n) = IDFTLY (k)] = 6(n—6) +35(n)
320 CH—NKER 10 WA RKF
x(n) = 58(n—4) +6(n—>5) +486(n—6)
(D 5K ER 10 f BBl R A2 X (k)
(2) ZFH yOO Y 10 S BB B AR 8l Y () =W X (k) .3k IDFT[Y (&) ];
3) HEHMH—KER 8 WIFH g RSP H, H 8 45 DFT By Hr 5 sifh (4. 161,
0.710—j0. 926,0. 507 —j0. 406,0. 470—j0. 171,0. 462} , 5 14 8 & DFT BJ5 3 {4,
fi#. (D
.

N—1
X(B)= D xmWE = D[56(n—4) +8(n—15) + 46(n — 6) W,

=5« Wil +Wif +4W5
(2) Y () =W Xk A[HI,
y(n) = 58(n—9) +8(n—10) +46(n—11) = 58(n— 9) +8(n) +48(n — 1)
(3) RIELFH DFT L fretk XA =X"(N—£k) . £=0,1,2,.7,
3% 8 & DFT W5 3 Al K
{0.47040.171,0. 507+j0. 406 ,0. 710+j0. 926}
3-21 JHBEAR AL X ST B AR B o AT BE R G 4 R F<<50Hz, {5 5 5 | MRy
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TkHz i # 52 LA T % 28
(D) $ /ML W] T i
(2) B RIBOETA B T s
(3) /D RAE L Nuwin s
(D) FERUHT T8 A BT DL F R 4303 53 R B 8 — A5 B N ML

. (1)
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