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x, tin, tin, 

1.2.6 iE233KWilCJ 
ri;lrn~.mas~~, aniismtm, DSB IEHW$J~BWZ SSB I E ~ H # ~ - - + ~  i~mma~a 

(clAM)%&Eaj DSB Jlij%!ljRH%!IH+$FdfJ9!'$-9, Uif%il3&~R--'WP%; Blk. iE3€EBJlij$jR & 
H-4 SSB H%!I%&-&b9%o %T%%iE~@WildtilJk%mS~,R%, tftz,(t)jTsrz,(t)ABB 1.4(a)  

E%m@%% O m @ J E ~ @ R ~ ~ E % o  i%E.F.fUE%%j;I]%R+&%E% A ~ c w ( l 2 ~ t )  j#I A sin(L4t) H 
%!l, #S@%PllGE%r(l) : 



y(t)  = Ax1 ( t )  ms(Q,t) + Axz(t) sin(Qot) (1.15) 

H U b $ ,  %%H DSB R % l % 3 J & i 3 R E 9 & G ~ F I ~ % ? i $ o  

T E E  9 % U @ B ~ % B @ E 2 % 5 ) f 9  %3JT@'PE9: 

r ~ ( t )  = y( t )  ws(%t),  rz(t) = Y ( t )  sin(Qot) (1.17) 

$38( l . l 5 ) % $ @ J  y ( t ) R A & ( l .  171, BidRB?@Z#W 
rl ( t )  = 2x1 ( t )  + $xl ( t )  cos(2Qot) + $x2 ( t )  sin(2Q0z) 

(1.18) 
rz ( t )  = +xz ( t )  + +xl ( t )  sin(2Qot) - 2x2 ( t )  cos(2Qot) ., ( t )  a ~ ~ ~ ( t ) ~ i d ~ k a m  a m m f i i m i m P a m + f i % l E + o  q 1 . 1 1  am-imaanaa 

@fi%%@J@ElO 

@ *-&% Sanjit K. Mitm %U Jmes F. Kaiser $%&I Handbookfor Digital Signal Prooessing, 1993, John Wiley & Sons, 
&%WBJT John Waey & Sons &IiVlI, 
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d ~ ~ % [ T o m 8 l l 0  $ R R ~ & ~ ~ ~ % ? ~ I ! % ,  E&%B%E ( b>lfi$B%%tB-/i-fiJ% 
4@aiE%HB%o -HR!&H%FBEm Hz &&A%, Bi3&%%&i%@E&G9 &A%%HH&@% 
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& @ F & & o  & 3 6 4 % Z g ,  $U/V( @B ' big ' + )?&/ad( @$& bad + ) ; &% 
g ,  $U/b/, /ay Id, I d ,  / d % ; 5 Z f i % & % B @ % S y  $U/w/, /V, /r/@/y/@, %%BBi$G$iE 
~ ~ + % e % g & % r n ~ & ~ ,  ~ w w m ~ e ~ m ~ ~ ~ ~ + ~ a (  VZFW, P Z ~ R ~ + F % S $ U  
/V Id,  /sW%Fg&%Ei1%4~ @ G % G - % F S ,  C3JRAH&bib@F&, E d ~ F l ~ ~ Z & % @ B S  

&%Bo %%F%%E%@@7%, !i~/v/, 
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2, FiB&lSM+A%*ElQ( Ed&Z&Md9$%, F @ ? Z F B h P & ) ,  HJ33$GP&9$Efi, 
~ffGMEl~2G~S&$E~%%~%BkUP~F~,;tG~S~$R%~~~Bk0 
. 1.16(a) @ & T % & ~ " I  like digital signal processing"j$#-=H&%P%%. P+P%&i, ""QB %KStll%%Mt@l% 3 so @flulike" + &/V@@Sl"p~essingn +&/S/E&Bkk%%%%I]&B 1.16( b)  

Ell. 16(c) +%.%, @%A&%%+, /V+4.1SE9k&QB&@E%I#I~S~+&&BB@~P4~t~S0 
B 1 . 1 6 ( b ) + % S & @ B N U S & B @ R B & ,  #RNU%@%-+ZI%!&iE%%2@0 @%@%+, 
E54S&&QB8R%BT*BSSBTEfiSo 1.16(c) +%?Z&%%BZ%!A!l&&@%$@, CEOB 
SF0 

B?E%aSB%&-+SZGHB@ES&BStll%%@%o %@%&MHB%t%%Z%:(l)Z% 

%#i; (2 )  i W $ & ;  (3)S%%#i%$l&[ 0 ~ ~ 7 8 1 .  BFS%%#ik%RT El 3ZiW?%I] ,XS%;'UNa 
.%%%#3'Jo B*~Be&@*&GR@%%**QSfJ%&&ZEStllM~~aB~@%8&%5B%A 
~ - I ~ ~ ~ ~ ~ B ~ x ~ ~ ~ % - % ~ - + . B R J T B % T ~ ; ~ ~ E u & F ~ % ~ ~  % T Z B @ R ~ U @ E ~  
, . 





?*(kHz) &*(kHz) 
(a) (b) 

H I .  17 k%$%~fi@@mW(~f~i~$$j;l~'f J. A. Moorer, Signal processing aspects of computer 

music: A survey, Roceedings ofhe  IEEE, %65%,1977wA,  1108 - 1137xo@1977 IEEE) 





1.4 .1  37$J?ZH 
4 S % T E - l H 3 + 3 % J M o  %$@-ffA#MFEEh1SkE&E% 

# ~ F % ~ Z H S X A % ~ ~ % ? ~ ,  #%3%JZE%%SiA48 +$h3i%S%@%3%a&-+@%k0 %G, & 
sgfiZEBE%%+%BfiaeEiz3+H&+@%ts%, Ban%*#F3go %HS83&%iTS 
: % %  Z%@@&%#~%E~+&%~%I%T~?Z 
+Hwt%F;#f i ,  4flG4S9 ~%%MFS@*W$EU G&3;Rfi, ?z%B2B+ 9 3 s f i v a 2 -  
E E 3 @ B ~ & % & 2 A # F & H F 3 2 H H 3 % Y ~ % @ $ ~ ~ + E % ,  &sjl-U&3EZ&, ZFJhUAS 
18 H Ei #BS&RUBSMH%%&R[ Ble781, [ E d 6 1 .  

S%gRE2MBJ&M%@HE%&BB$, 8SH%t@&FStg%b>@B%B#BflA%%B%, 
a%&H%fE%%%%WHEBo EFB&B&ME%@ 
B&&i2:(1)E%#@M;4El#; (2)ITJE##Ri-"rl; 

/ I 1  
4k16ak 

(3)%&#@&%#; (4)t%F@S%; (S)@Zfi%@% 
%; ( 6 )  RT%%2kSBM$%!Ble781, [Ear761, 

[Hub801, [Wor891 . Z%E@2tFB%'?zE@&XB@G3 
k%fi#R@M@&##%%. H&?%BB# 
* @ B E B ? H  0 - % h ( d B )  

[ Ble78 ] . w?zm@i 
# # Ei 1-20 -+RziJ!E%lH@U%B 

I .  
~ % H O  E%#qUSEEGm+#&&YH&A#:&Yt%*8+mBM%AE%H%aE 1,  i%&Y 
8%3-2+F4BHUAtdY H&!&/lbT 1 ~B&~FJ$EUAE~M-+%B%M~~rt3%~o 1.20 33% 
TJ$%!E%#&i%U%Bo 

%SE%#MBBEE%k,RB&Y,MZWH~%&Wl~, 3flH 1.21 EZ. *I ;.I . , I/----, 
Q * attl -, 
@ 

0 BGM s x n  WlfiJ 0 HlfiJ 
(a) (b) 

El 1-21 %%+J$@E@#H&B 

%UA%9QY%%k%PJB2~+%~MHB~,E%%#)t:&ft.$~#&fi~9JSfi&BE% 
&WHR%&WMHo hT%BE, &&BJfi%%%&Y2T3;rU*%9B*B@&@8#. %BP%% 
&%#B&&Y@HF&rn, %S-+%SEWMo % a ,  Z%&#tB%BI242%SB&%rn, %33l-+ 
je+miw-zaw99m;- wofi91. ~SE~SBWI~~JNIIB~~~~FSHY* K ~ E ~ E S ; I - G E B A .  

@ *-a?$ $ Sanjit K. Miha James F. Kaiser ?$@M H&k for Digid Signal Prmesing. John Wiley & Sons &fiR 
1993 $&9?0 &fgRBJlJT John Wiley Sons BSiPJo 

- 





BZli?i&Q 

,m -20 

i3 
$$ - -‘lo -60 O m  

lo0 10' 102 10' 104 

B f  (Hz) 
(b) 

% % # @ % # & & + # H E  4riE&3SS%U3@+4%$ja&Kg%B&Iq 
a, CiB%+%TS%k&3ft&1J#&%#%&2iB%$g&&% Ear7610 $ ! I $ R ,  & T%&%X*RM% 
B ,  M8%@ 78 %H%&~BX(%%E*MX))B%S%SS%%BJ-+W#rf &AR%%*4&!A& 
%Bo %%tE%?B, EM-+%a@%#, -+#B%XQ&T%&%X&%Bo B%, Ba&5 - 10 kHz a 
~~DA-+%MBB@B#?~R-E~%%&%, ~@ll32S#&2i#E3fl8BG0 l%%%&@R 69 Hz % 
~ % ~ ~ x m % % ' J ~ ~ o  

Bid.%ESBiBf ?Eld#T I3 Rt , @%&IJ#~?$, SS!J~PB%XQ&BBB%'~%C[ Ear761 $ ! J ? l R ,  B 
id.Eft- 100-300 Hz &B%&%, S~JU@%Z%#(~R%#)~G"$%"&%%~ OR, BaBft- 2 - 
4 kHz 1853% WU@F%%B%#%&3SR%%%E3naBo fi*i%T 1 - 2 HZ %B%HBRt@H 
33&BEEft-, WU#3n4nFs;it3%S3%fl~%#HUBE"Bo 

BiPWiZ%, AS%hHE+%&%aBid. 120 dBo k9%tSEB.ll.ff%%W&%&XBg/Jb% 
5, 3 F f ~ ~ ~ ~ % R ~ ~ t t ; B % E B ~ ~ @ F T 3 0  ZBSlFk%E30 dB, JaTB%H%&%B%R* 
90 dB, 2%%#~fi%&%HE%HT@@O 

@II%&%mfAr%:%-%%s3E@sTEEE%,ml=BBlfbtz@3T@ErE-4s3;1% 
X+Co %a, SE%f  P+s%Jam3%Eett;@%3%, 2*nf+%a[ Ex761 , Hub891, [Wor8910 

SHTg&3EHett;AB3%+,NT3E@&,B3-+%%%B(&4+@&#B&)%3E 
I$%lf& 4 +%$@;@EER@@HE%, %%117%+mfi%E%#&%&, 4flPPI 1.27 EZO EH, 
~+B@&E%fE%J&20 dB &%A%El( -40 - -20 dB). fiTTHB( -40 dB)&%&!IE$fHE%% 





zx.f34iB$f%;eMQsgp.%-geaHngE$-, S ~ W E S . % B (  DTMF) E++, eszmnsxm 
E$-Zfi@B, &B@am+#%MgaB$*a$4EE7;M%Ro H 7 +B$Rt 10 +-l-s%JBqam 
'i'6X" * " @"#" M%BE@Zfi%RO f%B%B$* 697 Hz.770 Hz.852 Hz a 9 4 1  Hz, R3& 3 +ET 
R R ~ R $ ,  ~ I I E  i m  ~ ~ . 1 3 3 6  HZ +a 1477 HZ, 4 +ism 1633 ~ z ,  B a#Bxm, IMMJ~E~ 
%RRA+@!H 4 +i'Wfi~%B, a%@B9;kS+, %$%E~uB 1.35 EZ[ 1~~841. 



ffl 1 .36  %hY tlTYXIJE%f;&%@EXfE&m+B$& 
% S o  s!E, m+s3E%&-+t%afi-+gB%B#3 697 Hz 
3, %B%&#@JB%&dB*Ilr$ET 10430 Hz, imBBi% 
&%mBfilt@*aq@!%T 1200 Hzo %f;%@+%&#m% 770 Hz 

hY%-+m#a%B%@-+3&, #-9i3-+J%?%E+B% 
&%B&%%B%~T@Bo t%BtSiB& 4 +%B@&#& 

852 Hz +~L\@ijbB 697 Hz,770 Hz ,852 Hz $TI 941 Hz, Kg@ij#$j& 



m-? 19 kHz I%%@~{$%$!l$E-B, &&%eB%{g+ s B (  t )  %e{$-%b't!Ji%ZE 1 . 3 7 ( c )  + % ~ ,  
%7;%RfiBZS%BB1$8%%1B1$B%Bdf,_to $E@&%?J~ B B E % ~ Z @ + f i % # ~ ~ ~ % 1 ~ 3  
s B ( t )  7 %GR-?~B&%%@-?%B%E#H%~%t~%*%E~t%%%%&NE%UB~%1GM 

{%%%@%t%&lkBqk%B 15 kHz, fi%B%@%l%+~bB$B38 kHz, 19 kHz %$@&gR 
T$E%&%+&h!Z 38 kHz MB%E3%Efi~T7B@%fi9 R E 8 ~ B Z E 9 0  i % ~ ~ ~ ~ 3 & ~ %  
z ,  8&%E*MZFSN&FSE%o 

ZFSSL(O - (o 

7 

DSB-SC 
b TBSam% 

f,,=38 kHz  
A 

f,=38 kHz 



%B%#!Zjh& ( SA~FE$JTJ. A. Mmrer , Signal processing aspects of computer music : 

A survey, Proceedings ofthe IEEE, "01.65 1977q8J , 1 108 - 1 1 3 7 a  .a1977 IEEE) 





0 ~ $ ~ ~ & f i & B ( J ~ ~ ~ ~ & ~ [ C i O 9 3 ] .  
Q $ Sanjit K. Miha ;#1 James F. Kaiser %%B(J Handbook for Digital Signal Processing, John Wiey & Sons *fi% 

1993 Wifio &&WBJT John Wiley & Sons B(Ji$SiJ, 



El 1.43 Ell- 42 + KfE'37z7~FJl?f?EKf&2%% : (a)  BB%AE9; ( b )  M#@#R%%&R 
i% ;(O>BR@%U*;(OPi(r3~24KfRU;~OB%R@4Kf%~;(O%HU 
XE'307Z(c>%U(d) +,%%BfliS!2,Pi(r3-&$f %Ufi%$'PRE%@%UBi%#b5 











norm x zno rm(x  2)qlJ,$# GREBPJ x HBBBUH MATLAB M ZR norm iff H, f!! -- 211 x H Z  a@, iiT~& n o r m ( ~ ,  1 )qlX%+Tj x @JZI a&, i%g, H norm(~ ,  i n f )  a Lr(;fZ x HZ %Bo -- 
2.2 S9JrniZ33 



,:,, [ n ]  = x[ t l ]y [n]  
w ,  [tz] = A r [ n ]  

w, [ n ]  = . r [n] + y [ n ]  

(a) (h) (c) 



@IF=FRrnBF!I , . . I . .  . . , 

iB 2.7 (a) ET%63!IH-+H*; (b)50 &@If %%&f N 
< 

%$GGi!SME@JZ$$E$EB3Z$$, 2x3 ..  

ws[n] = x[n + I ]  







&&, ZE8(2.  a a ) S 8 ( 2 .  a b )  +, $@@+H@-+%B%HK+R*EH&%%H@%TH%B 
Z & H # H H B B o  $!!!XI, 4-23 Y [ ~ I W % ~ H ~ ~ % B ~ [ O I ~ [ ~ I  .z [ l lh[2 l .z [2 lh[ l  I @  
z[3 I h[Olo 3 4 /i'%B+H@iaj+R*Er(fGB%Hjrsl@%T 3 ,  fZiEfiE%kW* Y [ ~ I  H%B0 

M$!J 2 . 5  +FIUS%!J, fi+GBEE9!l%BH%ZITsEGBEB91jo ZE%$!J+, El$% 5 HBPJ 
Iz[nl I -%El$% 4 MB9d I h[nI I%%T%B, S%E%EB% 8 HBPJ IJy[nI I BR,  Z%%EMK+ 
B 9 ! ! M E E % H E M  N ,  F!I%B%3~IMF89!lIFIEEE M+.w - l ( & . N ? I E 2 . 5 )  

& MATLAB +, M *W conv %BT%+&REB9!!M8%o %EH$E$!! 2.6  +%&! - --- 

Dl 2.6 A MATLAB it$$%% rn 
I R  

&+i%+k&+%&h$3~&2-2  TaRITit%fi+$fR*&Ah$&&o 2-11 %&7 Rl?@&2-2 2J., 

$4 2.5 +a;f%+&~3&li%&AZI]h$%ff3lh$ Elo Z+Ffi+t, i&5%3%,BlI2.5 #-?h$%%Z+ibFlo . 



k-Tfif88';2e~-EBFlSS#;I;ZRT&REBPrlo 8 z [ n l  EBX&ElilOc n <  N - 1 k 2 B  
- + E B %  N &%$!II1, 3 n<O @ n>N M ,  %BF!lHR$@%TSo ?8z[nI%fiMl~E%iS$$, %$#bl 
E B H %  N, BX&KlEl- ( N -  l ) s n < O  k&BP!l  z[ -nl .  F I B ,  U E & @  M ?8BPIJ%fi%BM@% 
BJ-+EB% N &BPIJ z[n + MI, $5i-+$ZX& O s n c N  - 1. Elk, %ZRbhBX--#F6, SW&f 
l % G & % F ! ! l J 3 & o ~ n ~ N - l  +. %lUi&, BX&OC~SN- 1 E B %  N &+ltP!l zz[nl%A- 
+ B X & O s n c N - 1  E B %  N &BPI h [ n ] & % s & % B J - - + g X & o ~ n ~ 2 N  -2 2N -1 & 
%PIo El%, %BFiZXAbb-#%R? %#S%%P&&BPIJa%E/ O S n S N -  1 +o ?Z*T+, Rt113 
E%TE!E%PJ&MlrilEf4@MQZSo %RE%PJ~%%#%%@&Z%%% 5.4 y+fig0 

2.3.1 ~ ~ l I $ ~ ~ E $ $ E $ $  



g + ,  eB--+@%#m+eNMffi$EO%U NNl1;tW!&@4%, $!J$u, 3 N = 7 ,  m = 2 5 F j ,  S r =  2 5 + 7 4 =  

2 5 - 7 ~ 3 = 4 ,  E & ( 2 5 ) , = 4 ,  m#, 3 # = 7 ,  m =  - 1 5 w ,  S r =  - 1 5 + 7 e =  - 1 5 + 7 ~ 3 = 6 ,  B& 
( - 1s ), = 6, $EMATLAB +TjJ3fis M *& mod %g%@Zgo 

E l k ,  Z X $ E O S n S N - l  BEB%N&@PIJlz[nl  l#lNWlE%%Sly[nll  %iy[nl  I = lz[( - n ) N I I  

%iT1&$!12.7 +%sB!E!EI~OE%Z3to 





m2-8 $Zrnsr]HH%%*HPY 
%kZA& - 3 ~ n S 3  1B.ftkBak 7 6!~$fRft&~ll : 

{g[n])  = (0 ,  1 + j4,  -2+ j3, 4 -  j2 .  -5 - j6,  - j 2 .  3) 
t 

&#St;R*WFP g, [n] +*kd&%++ gm [n] $G 
{g*[n]) = (0. 1 - j4,  -2 - j3, 4 + j2,  -5 + j6,  j2 ,  3) 

t 

He, ~ % % 3 F I J ~ [ n l ~ ~ H % ~ ~ ~ % x ~ [ n l % ~ ~ x , [ n l ~ j F a ~ ~ 3 :  

x[n] = X,[IZ] + xd  [n] (2 .29)  

x+ 
xer[n] = $ ix[n] + x[-n])  (2.30a) 

xd[n] = ) (x[n] - x[-n])  (2.30b) 

a*, BY~mB~Hfi%eil38B~&~)Z%%%s9 rnTE%%@o 3.2.3 T#&$*H%B&% 
flHBm%+m&xo 



LCM(Na, Nb)  = 
Na Nb 

GCD(Na, Nb) 
( 2 . 3 3 )  

H@, m+SR+NkmHmB3IJ&E&EHSg]@3Uo E a.[nl  a , [ n l  ESZFHSgil9%I]% 
NbHm'PRSgJ@31J, SF4 w [ n l  = 3 i m [ n l f b i n l  &ERBSFJERHBEBj;,(2-32)%~. &&, GN&ZF 
H%q%I%8(2.32)%3@JH/J\. ~%'P@BF~I LCM %I GCD ;BMATLqB +NNH M At+ lcm %I gcd itg, 

91 2.9 Clti%RRiSljlli%Ilf%RE8Z@l 
%,%#A93 x,  [ n ]  &a+-F: 

$&&-f2 /6 ,  ~ ~ x , [ n ] & & . $ $ f % # ~ ~  f mi, &LA 



9(K + 1) 
9 x 1  = lim - = 4 . 5  Px = lim - 

K+B 2K + 1 ( "1, ) K-B 2K + 1 





x [n] = xi [n] + xq [n] (2.49) 

3eq, ~i[~lN~,[I~l%R1lSZ~[nl@l~@N~~fff: 
xi [n] = A COS@ cos(o,,n). xq [n] = -A sin @ sin(w,n) (2.50) 



= IAI eUon cos(won + 4 )  + j IAl euon sin(won + 4 )  (2 .52b )  

MiEiW3JJlE&gplJ&R--H%M%3, 3 + ,  a,,d jFR o,%E%Bo SiElx[nl =x,[nl + jxm[nl,  R!I& 
S ( 2 . 5 2 b ) F J j S  

x, [n] = (A 1 eUon cos(won + 4 )  

8 3 .2 .1  T%~IY%&BZ, ~ J U M % ~ U  eP"HX%BB$!J%dZ-k%%PJo 

&&, %w0NB2ni4!J@B%ll;f, I P w , N = 2 n r ( R E P  N N r B i E B ) ,  S ( 2 . 4 8 ) ! $ % X ~ ~ % ~ ~ ~ ~  
u, =O ~ 3 ( 2 . 5 2 a )  !$%x t)X%BkPJ%BRR% N i4!JJi!BBPJo I W k j z e & # H E / J \  N B3BBPJH 
gS*M)tB. %%Zi%-&, %EWiE%~9!J 2, [ nl = c o d  won + 4 )  %I 2, [ nl = cos( w,  ( n + N )  + 4 ) .  #& 

+[n] = cos (wo(n + N )  + 4 )  

= cos(w,n + 4 )  cos w, N - sin(won + 4 )  sin coo N 



W2.12 7i$ZIEE!+PIJjFa~S*BB 
&* Z [ n ]  =3cos(1.3xn) -4sin(O.snn +0.5n) b$&$fi@jo ~ , [ n ]  =3cos(i. 3nn) b$&$A$l N,, 

ktf;s.f, &.(2.53a)R4Lk 1.3nNa =2xr,, 8 %  Nq =20 a r ,  = 13 e&ko Kg-&* a , [ n ]  =4sin(0.5nn+0.5n) 

~ & & f l $ ? J  N,, lit;e, &.(2.53a)Gj4Lk0.5nNb =2xrb ,  c% N, = 4  r, = 1  e&k0 slit;, ~ [ n ]  i+9&&R 
& N k  LCM(N,, N,) =LCM(20, 4 )  =200 

iE%FF9JMiR+H& 
T ; E R i $ i k ~ E B Y r l H E 5 + ~ @ B W 0  BXE5+X%#BYrl z ,  [ n l  = eWnn x, [ n ]  = eW9 , Zcfi 0 s  

w,  <2n@ 2 n k s w ,  < 2 n ( k + 1 ) ,  kE&&iE$$#, Z 
02 = w l  + 2 n k  (2 .55)  

!ill 
x2[n] = e' o2n = e' (o1+2nk)n = doin = xl [nl 

E i W $ f $ % ~ $ f x ,  [ n ]  = eWP@x,[n]  = eW 2PJ+BYUo O&, ZXE5'ViEBSF!I x, [ n ]  = cos(w,n + 
4 > @ x 2 [ n l  = c o s ( w 2 n + 4 ) ,  ~ ~ O S W ,  < 2 ~ @ 2 * k  s w ,  < 2 n ( k + l ) ,  kBl*&iE@#, z w ,  = 2 n k + w , ,  

6 % 2 + J O  2 H T i E B F  , z -  0, H @ f f i S B & O  

s w  < 2 n 2 9 b ,  124U%;e-4U w, Xct 2n@@H%%#%B-&BB$M%BREBF?;FrlH%o 
EBNlQEB4~~HW-+f~?dBsR~TEB%l&BB#H%Bo %i#s82-A, %@PJ+iEB 

B B x , [ n ]  =cos(w,n)%lx,[n] =cos(w,n), J$+Oso, <n%lnsw ,  < 2n0 % f t o z  =2n-wlo  m&, EJuB 
x 2 [ n l  =cos(2xn - o , n )  =cos(w,n) = x , [ n l o  2&, %4I186%iX!it x1 [nl%l ~z,[nISR+iEBFFFJo 

EW, ~ - + E B B F J M B - ~ B B W ~ , ,  H Z ~ E ~ S U ,  < 2 n ,  J I I I ~ T E ~ E I O ~ ~ ,  ~ n w i a - f i ~  

B $ % w l  = 2~ - w2 MiE%BF'J#€l%o T B ,  % B $ n % # T S B S o  ~EBFFF~JMSHJ%#IKJ~XB 
El 2-22 RZ0 %3 w.M 0 Mf i l lBb,  EBNlQiEBF?;MIJ z [ n l  =Acos(w,n) MEbB$lS  wo.MMfi~ii'ij% 

$0 ; m% w.MnMf i~BJ2nN,  %%B%%f w . H % f i U ~ ~ ~ J \ o  d4flXct%-'V%#Zfia%%:H4*X@&ffi 
k ,  w =2nk &SPb%bMB-$kBB$ w.4 w = o  M@%kbHB--&BB$ w, -2nk E 6 % E ! i t M ; m H  



%%BFF3!! 
%Bkgl%VlJ&%% box-car B P I ,  %%PIJ w R [  n I S - + G R % B  N, 6 n 6 N z  +&G1&G#$@, E 

~&WE9b#$@Q%%, EP 
0, n < N1 

( 2 . 5 6 )  
0, n > N 2  

@J 2.13 Y&?i.$Afi 
L&&'-4Lfi%+&Zllk 9.05.0.15 5 0 . 2 5  %3+iE@@F11 X, [n] .z2[n]5x,[n]+TP4+: 

x ,  [n]  = sin(O.OSnn)p[n] 

xz [n ]  = sin(O.lSxn)p[n] 

x3(n]  = sin(0.25xn)p[n] 

jP-~+iEE&~~%&%&~l+~2.25(a)X(~)P~%~ 4 + f i ~ + @ A & t ~ m i & % ~ A . f l  y[n]+?:: 

y [ n l =  x l [ n l +  +xz [n l+  i x 3 l n l  

%&% 2. 25(d)FW0 TFA2$34, ~ + ~ @ F ~ 1 ~ 4 ~ k j i - ~ k 0  





exp, sin, cos, square, sawtooth 

*RB,  48R1-6El 2-23 R%%Xth%%k a + j b  I C R f l N  HbdBB9IJHRW% 
ES 

2-3. t t~  n = 1:N; 
IFF 
2-4. rn 

x = K*exp((a + b*i)*n); 

%@HR?BEBBB2-3 %*o RR, &&R?3B 2.24 R%%&HbB% a I E B % ( N +  1 )  HZ%&@ 
9U HRFSIUT : 

n = 0:N; 
x = K*a.^n; 

Z@H9WBRBB 2-4, H MATLAB P&%9!IH%-%%%$XEiWH@J 2.1 



x,(r) = A cos(2xfor + 4 )  = A COS(Q,~  + 4j 

@ ! ! Z ~ G H % % H I ~ ~ S ~ %  
x[n] = A cos(Q,nT + 4 )  

2nQ0 
= A cos (a,n + 4 )  = A cos(o,n + 4 )  

Dl 2.15 g@Wia7E$b3%BWr's7dZMTrireZS 
n l o  H Z & # + ,  sp T = O .  I S ,  +~q%M+fr 3 H z , ~  HZ + 13 HZ b $ z + + % & & g , ( t )  = c o s ( 6 w / s ) .  

,(t) = cos(14nt/s) +g, ( 1 )  =cos (26n t / s )Y  $I&#, %3lb$Z+&jqfr  

gl [n] = cos(0.6nn), gz[n] = C O S ( ~ . ~ A ~ ) ,  g3[n] = cos(2.6nn) 

fl2.28e&7&&&9ll(EIqR~l'~1Hj&S)+FI410b$BeiW&bb$&%. MEI +A41J&.if&e&b$ n k ,  

~ + & ~ ~ l ~ ~ $ ? l J 4 b $ # ~ ~ o  S&-F&b$*%&TFA*%&-,6.: 
9 

g2[nj = cos(!.4xn) = cos((2x - 0.6rr)n) = cos(0.6nn) 

+ 
g3[n] = cos(2.6xn) = cos((2x + 0.6x)n) = cos(0.6xn) 

% R % ~ & Z + & P I ~ $ ~ ~ ~ ~ ~ X $ R $ F R ~ - ~ $ ~ ~ ~ ~ W ~ & S & ~ + & F ~ I  +b$.if&-+&%%o $61, 
W 4 ? R + A ( l O k  * 3 ) H z  b$+k%&%(%+ k & . i f & # f i @ & ) ,  %&#+A 10 Hz %f$k4?@4J&F11 g ,  [nl = 

c o s ( 0 . 6 ~ n ) .  



$ibRfiB T=1/200=0.005so Elk, 9 ~ @ 6 $ 1 & H i 4 4 S B v [ n l k  

v[nJ = 6cos(0.3xn) + 3sin(l.5nn) + 2cos(l.7xn) + 4cos(2.5nn) 

@ + lOsin(3.3xn) 
= 6cos(0.3xn) + 3 sin ((2n - 0.5n)n) + 2cos ((2x - 0.3x)n) 

+ 4cos ((2n + 0.5x)?1) + lOsin((4n - 0.7x)n) 

= 6cos(0.3xnj - 3sin(0.5nn) + 2cos@.3xn) + 4cos(@.5xn) 

- IOsin(0.7nn) 

$L&TFA&&, 3sin(1. 5 n n ) . 2 c o s ( l .  7 n n ) . 4 c o s ( 2 .  5 x n )  + lOsin(3. 3 x n )  &;gl]S - 3sin(0. S x n ) ,  

2cos(O. 3xn) .4cos(0.5nn) + - lOsin(0.7nn) P&iZ&, &)2@41]6$ $,&#+iq&F~] A 
E+%W 

v[n] = 8cos(0.3xn) + 5cos(0.5nn + 0.6435) - IOsin(0.7xn) 





E ~ E 8 9 % % 4 P A & ( 2 . 7 2 )  , ~ H q % #  
-h r,, [O] < T r y  [El < IJ I;, [C] 

912.17 JTj MATLABitftZ@S 

w x W + $ i m * & A  
x [ n ] = [ I ,  3 ,  -2. 1 ,  2, - 1 ,  4,  4 ,  21 

y I n ! = [ 2 ,  -1, 4, 1 ,  -2 ,  31 

V H  MATLAB, & @ - # @ I * ~ & % & F I I  r , , [ t ] .  

+X(2.70)FJi i i - ,  W+&f l  z [ n ] c  y[n]H1*&&9tl ~ , [ t l % z [ n ]  +@+Hk#&jl l  y [  - n ] H & l K &  

I* 
7bio Elkt;, %&2-5 T ~ i t g & 8 j + % F R % & j q H I & & ,  GRl8147 M iff conv, +€I%&,%% 



rxx [l! 
Pxx l:ll = - 

rxx [Ol 

1 
r X y [ t ]  = lim - 1 x [ n l ~ [ n  - 4  

K+- 2K + 1 ,?=-K 

1 "  
r x x [ l ]  = lim - 1 x[nlx[n - 4  

K+- 2K + 1 n=-K 

El%, 8 f [ n l @  ~ [ n l  E , H R %  N & E T M B E + ,  !i!!SZi&l#B3%% 
1 N-l 

rz,-[l] = - 1 f [n] j [ n  - l ]  N 
n=O 

f i~[nl#$&#FF9J% 

M+E~HZXW~I rii[el 8 rii[el & E R R % N & H B % 9 J o  
$ #XEPJHWRB~HHF~ZB~JBUBI;E~TB&~HW~E~&RB NO $4 d [nl  SiE&H 

BE%, GBE$L%F d[nl T%G, %3JE9 
wln] = f [n] + d [ n ]  





2.1 *-F%?TP~EEBFII~~~I %B\6e2 ZBlHlX- ZB: 
(a )  ( x , [ n ]  1 = 11.21, -3 .42 ,  10.01, -0.13,  -5 .11 ,  -1.29, 3.87,  2 .16 ,  -3 .21 ,  0.021 

( b ) { x 2 [ n ] l = 1 9 . 8 1 ,  6.22,  1.17, 0.81,  0 .12 ,  -6.21,  -12.01, 3.16, -0 .14 ,  1.871 



2.7 %E~~uTB%%BWKBPIJ,  R%--+%*ZE n = O  J&: 
( a )  l ~ , [ n l l  =11 ,  O , Q ~ ,  0 ,  1,  0 ,  1, 0 ,  1 ,  0 ,  1 ,  0 ,  1,  0 ,  11 

( b )  Ix,[nl 1 = 11, 11 

( c )  Ix,[nl! = l l ,  1 ,  0 ,  0 ,  0 ,  0 ,  0,  0 ,  1,  11 

( d )  I x 4 [ n l l = ( 1 ,  0 ,  1 ,  0 ,  1,  0 ,  11 

%%I ~ l [ n l ~ ~ , [ n l  = ~ ~ [ n l ~ ~ ~ [ n l .  

2.8 $TDi%?BPIJ%ig El %IB%fk%W: 
( a )x , [n ]  = 11, -1 ,  11 ,  - 1 ~ n s l  

(b)x,[n] = ( I ,  -1 ,  0 ,  1. - 11 , O d n ~ 4  

(c)x3[n] = 1 - 1 ,  2 ,  0 ,  -2 ,  11,  - 3 c n c l  

2.9 $ H 4 @ 2 . 3  +BPUIB%~~BW~~%~J~TSBPIJ: 
( a )  ~ [ n l  =z[nI@y[nl ,  (b)v[nl  =x[nl@w[nl,  (c )g[nl  =w[nI@y[nl +' 

2.10 %!y[n] = x l [ n l ~ ~ , [ n l J ; ~ [ ~ l  = x l [ n - N l l ~ z [ n - N 2 1 ,  8Hy[n l3R2?Zv[n ] .  

2.11 %g[n l  = r l [ n l @ ~ , [ n l @ ~ , [ n l  .h[nl =~,[n-N,l@x2[n-~21@r3[n-N31. 8Hg[n13R%% h[nl. 

2.12 %&TDi%EEBPIJ 

( i )  1 h[n] 1 , - M c n c N  

(i i )  Ig[n] 1 , - K s n c N  

(iii) ( w[n] 1 , - L s n  c - R 

%'=I' M,N,K,L %I R BiEEB, H. K < N J > R o  ZX 
(a)y , [n l  =h[nl@h[nl ,  (b)y2[n1 =g[nl@g[nl ,  (c)y3[n1 = w [ n l ~ w [ n l ,  

(d)y4[n1 =h[nl@g[nl ,  (e)y5[n1 = h [ n l ~ w [ n l  

@ + % B B P ! I ~ E ~ E Z S ~ ?  k E i B Z X H % + % R B P ! l B %  n H % B E # k ?  

2 . y  t f t y [n16%A+%PJb[n l t  = 12, - 3 , 4 ,  11, - l ~ n ~ 2 % I l h [ n ]  1 = ( - 3 , 5 ,  - 6 , 4 1 ,  - 2 d n S l  

H%B%B, %@+tB%B@, * y[ - iIHffi0 
2.14 tft{z[n] 1 = { l t e Z X % O b n S N - l  EB%NH%P!l ,  HIh [n ] l  = / l I e Z X % O S n S N - 3  %Be 

E E % ( N - 2 ) H B F J ,  686%BZ3$, %y[nl = x [ n l @ h [ n l % k i E # ~ H ~ E f  

2.15 5k ~ [ n ]  ~B3A+fl%SREBBIJ h[nl@ ~ [ n l  H%B%W#glHo .X$T;MBX$ y[ n] @ h[n] , 
z [ n l 0  %+%PJ&%-+#+*gI(X$GTn=O4bo 
(a)  iy[nI 1 = 12, 5 ,  - 5 , 0 ,  12, 10.31,  / h [n l  I = 12, -3, 1 ,  31 

(b)  ty[n l l  = l o ,  -15, -7, 9 ,  -4 ,  21, l h [n l l  =15,  -1,  11 



- 

( c )  ly[n]l  = { 6 ,  8 ,  -12, -11, 14, -22, -12, 3 ,  -181, { h I n ] j  = (  -3 ,  2 ,  2 ,  0 ,  3! 

2.16 gF&$Pfl{x[n] 1 = ( 2 ,  - 5 , 6 ,  - 3 , 4 ,  - 4 ,  0,  - 7 ,  8 1 ,  - 5 ~ n < 3 ,  

( a )  -tfti y[n l  t %/7 lx[nl  I fi&MBY@ 12 +%*JZI#?J#BJH%PJ, $#*Y[ -31 @Bo 
( b )  - t f t ~ ~ [ ~ i  I &zlz[n~ I E J ~ ~ H Y %  15 +%*JzIB&JHB~~~, $%*z[2~ HB, 

2.17 g&F?;3i!l{g[n] 1 = ( - 3 ,  0 ,  4 ,  9,  2 ,  0 ,  -2 ,  5 1 ,  - 4 < n < 3  

( a > $ l g [ n I l E J 6 H J Z I Y @ 5  4'%*H#?J@PJHB3!! i h [nI  I 
( b )$ ig[n l  I [;iJZElHY@4 /5'%*HfglRZ!lQB3i!l Iw[nl I 

2.18 %EYl%BBB3i!l z [ n l  Hf W J W = E # @ % @ B % ~  a934 P=., @ P=, 28l0 
2.19 -itBfiE% N HB$Uzz[n] = s i n ( 2 n k n / N ) H f & ' g 9  O S n  < N-1. 

2.20 S f t Y E 2 . 3  +%3i!l z [ n l  .y[nI@ ~ w [ n l H @ % @ B % ~  

2.21 $F'KB3ifl H%%W%8l%%EX$%%%: 
( a ) z , [ n ]  = 1 - 1  + j3 ,  2 - j 7 ,  4 - j 5 ,  3 + j 5 ,  - 2 - j ) ,  - 2 S n  <2 

(b)z,[n]  = end5 +eF* 

(c)z, [ n ]  = jcos(2nrJ7) - sin(2 n d 4 )  

2 .2  8 z[ n] j#; y[ ~]%;)XIJ&%%X$%@%%E%%B~~II. TWB3irJ +I-+9%%X$%IC?:3i4, %-+B% J 
%EX$%B*U? 

' ( a )  g [n l  = z [ n l z [ n l ,  ( b ) u [ n l  = z [ n I y [ n l ,  ( c ) v [ n l  = Y [ ~ L I Y [ ~ I  
2.23 %X$EiJ@BF11B$f#B3ifl/L,? %E!d#H%ik0 
2 24 (a)%E!d%%G n a O  W ,  Bjl%%B3ilJ z[n lqMEH@%.t . . , [n l  +%*BXkhX. iiV1T(%%G n > O E  

/TBMEH$% I, [ n l  +&BkhXo 
( b )  B Z B B 3 i ! l  Y[ n l  &f!$M%H#%E%%%y,[ n l  +%=EX%@? ~ [ n l  f&'M%H%%X$%% 

!d y,[nl + % M b k h % G ?  %ES8.f5;H%iko 

2.25 - t f t z [n]~-+%X$SiJ j#]~F.  Z!d@R3(2.44)HUN%B%HE%%RH@3i!l ~ [ n l  B H f g l % N  

HWBB3ilJo 
2.26 &Z&(2.47a)  +%kh H@fil%*B3ifl 6[ nl  %@Gl%RB3i!l p[ n l  @#go 
2.27 $F'W%B3i!IH@%8lB%: 

( a ) z , [ n ]  = p [ n  -31,  (b)z,[n]  = a n p [ n  - 1 1 ,  ( c ) z , [ n l  = n a n p [ n + l l ,  (d)z ,[n]  =a '" '  

2.26 TWHB3ifl  +. !@E%T!l32$f#B3iIJ? 

( a )  z [ n ]  = ~ a ' " ' ,  #$* A j # l a j 3 b B ,  Hlal < 1  

1 
( b )  h [ n l  = Z " ~ [ n l  

( c )  y[n]  = a n p [ n - 1 1  , #*la1 < 1 

( d )  g [ n j  = 4ne"'-"pjnj 

( e )  w[n] = 3 c 0 s ( ( o , ) ~ n )  

1 ( f )  o[n] = ( 1  --)l[n - I ]  
n2 

2.30 f BaT;i@H%TIJ~%X$q%IH: 

(a)., [n ]  =amp[n  - 11 

(b)z2[n]  =nanp[n-11  

(c)z ,[n]  =n2anp[n - 11 

#$+lal < l o  

2.31 % ~ T ; E i i H % P ~ ~ % % $ q % I ~ :  



2.37 3 NB-FP!IBB;f, X f 4 a 2 . 3  qb!J@?j!%fiU N N f i ~ H E % E # 3 J % F J H ~ ~ F d :  ( a ) N = 6 ,  ( b ) N = S O  

~@z%HmBPJ+-+Mmb!J#*o 
2.38' TABPJ%Z~?~R a [ n l  = Asin (won + 4) HiE%BPdb!J-+HB : 

' J  ( a ) j l ,  1,  -1 ,  - 1 1  

( b )  10.5, -0.5, 0.5,  -0.51 

( c ){O,  0.5878, -0.9511, 0.9511, -0.58781 

( d )  12 0 - 2  01 9 

5+%'!%BB A .o,a 4 HBO 
2- 39 $TPJElSg-jB9JIKlS*RsgI : 

( a )  a,,[nj = eP.LSm 

( b) a, [n] = cos ( 0 . 6 ~ 1  + 0 . 3 ~ )  

( c )  ~ , [ n ]  = Re (em) + Irn (ews)  

( d )  a,[n] = 6sin (0.15nn) - cos (0.12nn + 0. In)  

/ ( e )  ~ ~ [ n ]  = sin (0. lnn  + 0.75s) - 3cos ( 0 . 8 ~ ~ 2  + 0.2s) + cos (1.3nn) 

40 %#I%@ o . a T P J B w ,  $E%%$fl [n]  = Asin (won) l%&*ASgil: v' (a)O. 3s .  (b)O.48n, (c)O.45n, (d)O. 525s. (e)O. 7s.  (f)O. 75s 

2.41 $ iEEBPJ Z ,  [n]  = sir. (0.06xn) mHsgI. #S&%*KI+% a ,  [ n l  ~ # ~ R ~ ; f ; ~ $ 9 E ~ B F d o  

2.42 % F ~ I J R ~ B P J H S * H ~ j # 1 F % B @ :  

( a )  2 ,  [n]  = Scos ( n d 3 )  

( b )  a,[n] = 2cos ( 2 n d 5 )  

( c )  ~ , [ n ]  = 2cos ( 2 n d ' )  

( d )  Z,[n] = 3cos ( S n d ' )  

( e )  a, [n]  = 4cos (2xn/5) + 3cos ( 3 s d 5 )  

( f )  5, [n] = 4cos (5xnfl) + 3cos ( 3 n d 5 )  

2.43 ( a )%Y@ 2.3 CPM x[nl ,y[nI@ w[nl%3&@je@EB*%PdH%#M@@o 
( b ) % Y B 2 . 3  CPM ~ [ n l  ,y[nI@ W[~I%~&E%@G~~E%PJM%#M@@~ 

2-44 i$ajlyiEfiRBflp[nldZEE%4 M%PJx[n] = i2.1, -3.3, -1-7.5.21, -16 n 4 2 ,  

2.45 i$aj@i3fil%Bfl p [  nl%3FFfl 



( i i i )h ,  [ n ]  = 6 [ n  + 3 ]  - 1.56[n] -6[r,  -21 

( i v ) h , [ n ]  = - 6 [ n + l ]  +26[n-11 +36[n-31 

@Z&Z+rn+BB!l W%#%RW&9JW%BU : 
( a ) r , [ n I  = ~ , ~ n I O h l ~ n l  

(b )y , [n I  = z , [ n l ~ h [ n l  

( c ) y 3  [ n l  =.I [ n l @ h z [ n l  

( d ) y 4 [ n 1  = x , [ n I ~ h , [ n l  

2.48 % & T B W B F J  

( i ) x [ n ]  = p [ n ]  - p [ n  - N ]  

( i i ) h [ n ]  = p [ n ]  - p [ n  - M ]  

( i i i ) g [ n ]  = p [ n  - M] - p [ n  - N ]  

( i v ) w [ n ]  = p [ n +  M] - p [ n  - N ]  

# + N , N M B i E S B ,  H N > M ,  

63%T%RSB, $-Frn%B!lE%R*W@EEEo 
( a ) ~ ,  [ n l  = z [ n l ~ z [ n l  

(b )y , [n I  = h [ n l @ h [ n l  

( c ) y , [ n I  = g b l @ g [ n I  

t d )y4[n I  = w [ n l ~ w [ n l  

(e>y5[nI = d n I @ h [ n l  

( f > y 6 [ n j  = z [ n l ~ g [ n !  

!g)y , [nI  = d n I @ w [ n l  

2.49 %&u& B#%X$%NR%EX$%~~W%S~/T;~W~~B~~~BB~ h [ n ]  a g [ n ]  , PP h [ n ]  = h, [ T I ]  + 
h , , [ n l H g [ n l  =g,[nl +g,[n lo  ~@ZTB!~BB~BR%X$%ZER%EX$%W. 
( a > L [ n l @ g , [ n l ,  (b)h ,[n l@g,[nl ,  (c)h,[nl@g,[nl  

2.50 %sBZM#@$f& = 2 2 / T > m 0 ,  2E%8ifrqEe x.(t> =Acos(o0t  + 4) H H N Z W ? % S  x l n l  = 
z,(nT)%&f%E, - a  <n < a ,  

2.51 &@tlrfl'flE%z.(t) = c 4 t  a t  = nT$h#, - a  < n <  a ,  4&*38iflFJ%BIJ x [ n ]  = x , ( n T )  = 
c o s ( 4 n T )  .% TRf iEB; f z [n lE-+HBlBFJ?  84 =30 NEH T=2/6  s, x [ n l  HB*MmESQ? 

2.52 (a)$fZq@2.3 +&%B!lW $#i3%%Bdo 
b)$fZqB2.3 + % B ! l z [ n I ~ y [ n l W Z # i 3 W B ! l  r,.,[t], H J t E 9 l x [ n ] % ~  w [ n ] t I ! J X & M P ]  r r , [ t ] .  

2 d ~ m @ + ~ ~ ! l  w B # ~ ~ % % P J .  XtsBetO41IXRI. B i~%%fl8*ffit1!~sf a m ?  

( a > z , [ n !  = a n p [ n l ,  l a l < l  

2.54 #$$TB!l&H#jBPJ@ $ # € l % B F J ~ % ~ O I % l ~ # 4  : 

( a )  a , [ n l  = cos (na'M),  Z+ M  %'EBB 
( b )  a , [ n ]  = n @ 6  

( c )  a,[.] = ( -  1)" 













OC , 
x [R  (& 1, d w(n-odo) = x .x[c] sin z (n - C )  

e=- x  (n - C) 
00 e=- 

n  # e B;f, s i n n ( n - e )  = 0 ,  mltf; s i n c ( n - P )  =O,  n = t W ,  s i n c ( n - E )  = 0 / 0 ,  #@@67a$af-%9t, % - 
T$X@&B, #gTJ sinc(n) = s in (nn) /nn  S@@3$13ij@& s in (n t ) /n t  a t  = n  ~;f.mB#@, a p  sin ( n n ) /  

sin ( n t )  
% = -  

w I ,=" ., GH%&\&&H!J, PJ# 

' sin(nt) n  cos(nt) 
lim - = lim = 1 
t+O Xt t+O n 



Blx(eb) I%%@bi%B, e(o)%%#lEi%B, 2E§+GBtk%G o H%BGBo &i?%GH+, tk.6 
R!I!W$%%#gaf-B, @G&, lx(e'"> I e(o>%%&B#@#@%. 

EBi%(3.17) @i%(3.19), NU<#$!] Hek) MSB.&&5%i%@&%6%32l@H#Z% 

x,(dU) = [x(dU)l cos B(o) (3.21a) 
~ ~ ( d " )  = 1x(dU)l sin B(u) (3.21t) 

X,(d") 
tan B(u) = - 

Xm(dW) 



- 1 -a coso - ja sino - 
1 -2a  c o s o + a 2  

I -a coso 
X=(e'o) = 1 -2a coso+a2 

a sino 
xi,($") = - 

1 - 2 a c o s o + a 2  

xim(d") a s ino tan(e(o)) = - = - 
XE(eIo) I -a cos o 

a sino 
1 -a  coso 





HLP (eJo)eJondo = - 
(3 .28)  

, - w < n < w , n # O  
x n 

9 n=O sf, #$SPtV$.Bjp&&&i%j4&% 

HLP CeJa)do = - d o  = % 
2 ~  I" + a 

(3.29)  

e e R ( 3 . 2 8 )  +&(3.29) ,  T8f 

, n = O  
~ L P  ["I = ( ma n *. n # O  

(3.30)  

f k S ,  Lfi!Yil&g~lB*TJil Yd?**&.#ci3% 
sinwcn 

hLP [R] = --- -00 < n < w 
a n  ' (3.31)  \ 

&_t&.P, R&#%i!Zk n=O H, h,[n] = 2, &4134$&&ZL.8"] 3.15 f 'APi-tf i&.T-&AY%sk %, Plia 
h,[nlZ- .T-~rat%f & F I I ~  f fi, B w e o  Elk 

w 
sinocn 

hLP P] = 
n = - a ~  n=-aJ Rn 

4'1-Ydoffi#T-&CUPj&(3.27) 8(1 H,(eP), @&)5J$S%T&Ufj ~ , ( e ~ )  , 
1 

- 



axo e+~~~~ax%-.i.ans 3.7 ~ ~ i ~ @ ~ m ~ ) r p i w i ~  
p d ( w ) & A  BjtiTO OM&l%!B3 . 

S(o) = lim 
A+O 

xCI1 



a n p [ n ] ,  ( lo l l  < l )  

3.2.5 DTFT @%g 

@!Eat-$$% X(eb> M~EMN@iE#%B%$ X(eb) H~pQ&BX% 
UP 

. ... , . 'llx,lP (-!-Ix 2% -, ~ ~ ( s j ~ ) l ~  do) 



11 XII,  %5x(eiw>ZE[ -n ,  nlWBh&%Htif.l$$9~fj!io %Bb, limp, I ( X  I J , x $ * S @ B ~ X ( ~ ' " ) G ~ ,  #&I 

X%H#i$9@E 
max /X(eJo)( ~ ~ x ~ ~ m  = -n<osn (3.36) 

$9 e-p$9SJ%i%2!&o q I 2 @  MATLAB +B9 M *4+ filternorm ? R t f $ $ & ~ @ g ~ f - ~ @ ! % Z ~  %BF&~ 
Zm %@lo %a@lg*.zHq'%%Zto 







@I 3.14 ~lR%ZUtZ#%tWjCa 
+k&-jd z [ n ]  = a n p [ n ] ,  % w z l  < 1  JiL h [ n ]  = f l p [ n ] ,  %?lpI < l o  ipX+ki&i$&T DTFT 695 

&*&3A?&7b: y [ n ]  = z [ n ] @ h [ n ] .  M a 3 . 3  + ~ a ~ I l l e g f ( & P l  z [ n ] + & - P I  h [ n ]  69 JXFT & # ] & ~ ( e ~ )  = 

1 / ( 1  - a e - ' ) 6  ~ ( e ~ )  = 1 / ( 1  - /3e- jo) .  Elkt;, +1FJ&3%WE9 &.4fl.;l&flJ y [ n ] 6 9  DTFT Y ( e j o ) A  



GEM : E a j 8 ( 3 .  l o ) ,  Rl%%S!J y[nl =g[nl h[nl H#EW$@% 
00 

Y(ejo) = x g[n]h[n]e-jon 
n=-w 

$ J a j 8 ( 3 . 1 4 )  HBSWZ?Z@sffdZ g[nl, Rl%l8f %is% 

lbIllh$Z33! 
~ZB%~+BB~~HE#*%RH%$U~~Z%~~I~H@SW~@H%EHB%~ i%ZBE%X 

HB8% w 

x g[n]h* [n] = - G(eju) H *(eju) do 
2 x  I" -" ( 3 . 5 1 )  

n=-w 

GEM:%Z%kJ5?B9 E%%R$-'PB3UajEH#EW39@SZ9 #2@$%J%B%J@B, S%i 
WF3!lIJ;tG, %@JTHaSZ%W-'PB3!lMBSW9@, 3!ITfi%: 



&7%3HlRE%&B%B#? o @HB% 2n@G?&, Bk+B@%%s;fIiiJtS3M@%&*@+B 
8%B -.so < n o  .EISB&B%%R%J&lS@$%Bh&--3%, RIJ%lS%%%#E?jj;%%Nl.iiltSBo 
- - + R E ,  # O s c t ) . ~  Iw  l so, <.29EG%T, EP 



3.6 MATLAB t+$$ DTFT 

hlATLAB HE%fiI18Srfi&$.TkSm M ZW, GBTE6r4ST DTFT ~B~!~~I~SJE%%-#?~ %%'I 
3!1, ~.HlFJB%%G f reqz.abs .angle ?ll unwrapo W&b, $E-5r'flrfi&%H5?!&if mG& real ?ll imago 

BB f reqz qHF-it-$$HB3R&(3.37) rfi ebHGBG&H%;zE&X+53I&@SWat-$&&%S;am 
RB@*A% = m e  - t m t i z o  %T@fflB4t=*B@, ~ ~ ~ ~ ~ k ~ m ~ ~ , ~ o  %GBG435%m%&, 33, '. 
t13%%i313?J 3- 17 rfiH#SW%&-it-B%i9a#EHo 
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