Chapter 2

Main Rolloff Peak Side
Lobe Rate Lobe Level
Window w(t) Width  [dB/dec] [aB]
1. Rectangular:
II (%) ‘%‘ —20 —13.3
2. Triangular (Bartlett):
A(%) & —40 265
3. Hann:
L1+ cos (28)] 11 () s 60 ~3L5
4.  Hamming:
[0.54 4 0.46 cos (37£)] 1 (4) = —20 —42.7
5. Blackman:
[0.42+ 0.5 cos (%) +0.08 cos (424)] 11 (%) Lx —60 —58.1
6. Kaiser:
/ 2 varies varies
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Chebyshev Filters
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stz el me) !
52 + wywo —w2 +wiwe  |H(jw)| =
1 4+ 202 (i)
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Butterworth Filters
H{jw}|
0 wp

Ck (x) = cos[K cos™( ”
Ck () = cosh [Ifs cosh™! 1)]
T —pr) Cole) =1 i) =«

. 9T ok . . ap = 10log;(1 + €2 €2 =101 1
pr = jweedr (2k—1) E=1,2,3,....2K ° glol( )I N .
. 10 .
1l ={ Ly gl Hlen)l = o

L w2k —1) T(2k —1)
Pk = —w,sIn [7] + jw, cos [T

= —20log,, |H(jws)| = 101logy, [1 + 20?2 <%>}
1%

K az ag as ay as as ay
2 1.414214 .
3 2.000000  2.000000 - ( as/10 _ ) ( ap /10 _ )
4 2.613126  3.414214 2.613126 cosh \/ 10 1 / 10 1
5 3936068  5.236068  5.236068 3.236068 | IS = —
6 3863703 7.464102 9141620 T.464102 3.863703 cosh™ " (ws/wp)
7 4.493959  10.097835 14.591794 14.591794 10.097835 4.493959
8 5125831 13.137071 21.846151 25.688356 21.846151 13.137071 5.125831

1 11 w(2k — 1)

= —wpsinh|—sinh™" | = | | sin| ——=| +

K Normalized Butterworth Polynomials, factored form Pk p [ K € 2K
1 s+1 ) 1 . /1 m(2k — 1)
9 52414142145+ 1 JWp cosh |:E sinh <E COS T k= 1, 27 ey K
3 (s+1)(s +s+1)
4 (s240. 7603673“)(5 +1.8477595 + 1)
5 (s+1)(s2+0.618034s + 1)(s2 + 1.618034s + 1)
6 (s240. )176385+ 1)(s2 4 14142145 + 1)(s% + 1.9318525 + 1)
7 (s+1)(s? +0.4450425 + 1)(s2 + 1.246080s + 1)(s2 + 1.801038s + 1)
8 (s240.390181s + 1)(s2 + 1.111140s + 1)(s2 + 1.6629395 + 1)(s2 + 1.9615T1s + 1)




Coefficients of normalized Chebyshev denominator poly. 1S
Xs(w) == 2 X(w — k)

K K-—1
s™ +ak_18 4+ -+ a1s+ap n=—oo
H Rt
K ag as [on as ap ay aop bl p |2
1 0.1 dB of ripple 6.552203
2 (ap = 0.1) 2.372356  3.314037 7 :
3 1.938811 2.629495 1.638051 T2 (a)
4 1.803773  2.626798 2.025501 0.828509
5 1.743963 2.770704 2.396959 1.435558 0.409513
6 1.712166  2.965756 2.779050 2.047841 0.901760 0.207127
7 1.693224 3.183504 3.169246 2.705144 1.482934 0.561786 0.102378
1 0.5 dB of ripple 2.862775
2 (ap =0.5) 1.425625 1.516203 S S
3 1.252913  1.534895 0.715694
4 1.197386  1.716866 1.025455 0.379051
-

1.172491 1.937367 1.309575 0.752518 0.178923
6 1.159176  2.171845 1.589764 1.171861 0.432367 0.094763
7 1.151218 2.412651 1.869408 1.647903 0.755651 0.282072 0.044731

1 1 dB of ripple 1.965227
2 (ap =1) 1.097734  1.102510 o0
3 0.988341 1.238409 0.491307
4 0.952811 1.453925 0.742619  0.275628 h(t) = sinc(t/T) x(t) = Z x(nT)h(t —nT)
5 0.936820 1.688816 0.974396 0.580534 0.122827
6 0.928251 1.930825 1.202140 0.939346 0.307081  0.068907 k=—oo
70923123 2176078 1.428794 1.357545 0.548620 0.213671 0.030707 o
t—nT
x() = Z x(nT)sinc (—)
1 2 dB of ripple 1.307560 T
2 (ap =2) 0.803816  0.823060 fe=—o0
3 0.737822  1.022190 0.326890
4 0.716215 1.256482 0.516798  0.205765 J— wT
5 0.706461 1499543 0.693477 0.450349 o.081723 | H(w) = T'sinc
6 0.701226 1.745859 0.867015 0.771462 0.210271 0.051441 ™/ zero-order Hold Filter
7 0.698091 1.993665 1.039546 1.144597 0.382638 0.166126 0.020431
1 3 dB of ripple 1.002377 = + F5/2 — F5/2
2 (ap =3) 0.644900  0.707948 fa <f0 S/ >FS S/ apparent frequency
3 0.597240  0.928348  0.250594
4 0.581580 1.169118 0.404768 0.176987 Sampling Bandpass Signal
5 0.574500 1.415025 0.548937 0.407966  0.062649
6 0.570698 1.662848 0.690610 0.699098 0.163430  0.044247
7 0.568420 1.911551 0.831441 1.051845 0.300017 0.146153 0015662 | K F, < 2f; and (K + 1)F, > 2f,
Chapter 3 % fa 1
max B

Nyqist sampling rate > 2 Bandwidth of the signal

2 f2 Fs 2 f2
=() X(w) B (L R 24
/\ X?’\ K+1(B) B K(B )

0 t B B 2r 2f2 < Fs < 2_f1
() () K+1 K
1|80 5z |50 The spectral Sampling Theorem
) T I I T ‘[ ]  The spectral sampling theorem states that the spectrum
T| T 3T T t —2p, F £ 2w 3

X(w) of a signal x(t) time limited to a duration of T, seconds

W - can be reconstructed from the samples of X(w) taken at a
i - R rate R samples/Hz, where R > T, (the signal width or
/{[ T 'H\TT = § { § { § { E / - duration) is in seconds. The frequency resolution f, = 1/ To.
—r| T 3 T t —2F -, —B B I 2F, 3=

Analog to Digital Conversion

n=co A =2Vet/ L L= 2B
x5(t) = x(t) 2 5(t —nT)

n=—oo

Quantization error = A/2

51) = % [1 4+ 2cos(wst) + 2cosRuwgt) + -+ ]



E. = V;?sf/3
Energy of Quantization error : 4B
Quantization Converter
o V;ef i 2B—l_l_l
: i 4 25-1 I/ref 2
Rounding Asymmetric:
T — ‘/ref &€ 23_1
. . 4 23_1 V}ef
Truncating Asymmetric:
o I/re‘f xr 2B—1 + l
. CTaToET\ |, 2
Rounding Symmetric: ref
. Viet r g 1 1
=g (|7 -3 +3)

Truncating Symmetric:
Two’s Complement

Ty = Vret (*03—120 +epoo2 b 27 BT 4 COQ—(B—l))
Offset Binary

Tq = Vief (*1 + (ZB_120 + CB_22_1 + e+ C]Q_(B_Q) + 002_(B_1))

H-law Compression

Viegsgn(x)

In(1 x|/ Vie

T
Chapter 4
x[n]d[n —m] =

d[m]

2.

M=—0o0

0[n] = uln] — uln — 1]

x[m]d[n — m]

oo

x[n] = Z

m—=—o0

xz[ml]é[n — m]
Sampling
est 9 esnT = e(c+jw)Tn = ecsTn e jwTn ( GT)n (e JwT |Z| eJQn
apparent frequencies due to aliasing

Cos(Qn) = cos([Q+2rmik]n)

SUEEOESU S OET a0)

> 2
e — N - ,
R.e{.’r[n]} Iln{:]:[n]}
rin| 4+ x|—n rmn| —rf—n
PPNFEOEE SO IPEORFIS
CC;[FTI] x;[rn]

z[n] + x*[—n]

N x[n] — x*[—n]

x[n] = h 5 T 5 l
Tes[n] Tea[n]

Fundamental period N,
cos (Qn) =cos (2n FL n)=cos (2n Nﬂ n)

m = number of cycles in one fundamental period N,

xz[n]— 0 as [n| — oo

dK 1 K K

—=y(t — n—k

0|~ (o

agy[n + K]+ ayyln + K — 1]+ -+ +ag_1y[n+ 1]+ axyn] =
box[n+ L] +bizn+ L —1]+---+br_12[n+ 1] + bpz[n]

n—l—K—ﬁ

K L
Z Z byz[n+ L —1]
k=0 1=0

o0
yln] = Z x[m] h[n —m)]
~ —~ ——
output \..V._/:;caled shifted
sum impulse
responses

L[n] r¢ [n]

r[n] z,[n]
'. ™ R M



Chapter 5

E{x[n]} = x[n + 1] E%{x[n]} = x[n + 2]

E~Y{x[n]} = x[n —1] E~2{x[n]} = x[n — 2]

Zero Input Response
yn+ K|+ ayln+ K —1]+---+axg_1yln+ 1]+ agxy[n] =0

K-1

(Y +ary T+ agy+ak) = A(y) =0

(Y =7)(v = 72) - (v —7K) = A7) =0
yln] =i’ + ey + -+ ek

If two roots are equal then y[n] = ciy" + coy"

B and A= —iB

~

For complex roots '

~
/

€

~
/

(&

yln] = Sl (/60 4 e sBut0)
2
= c|y|" cos(Bn + 0)
The unit impulse response h[n]

yn+ K] +ayn+ (K—1)] 4+ +ag_1y[n + 1] + agy[n] =
box[n+ K]+ bizn+ (K — 1)+« + b _q2[n+ 1]+ bgan]

hin] = Z—ié n] + ye[n|uln)

When there are R zero roots then
hin] = Agd[n] + A1d[n — 1] +--- + Ard[n —|R] + ye[n]u[n]

Convolution
o
vln| =x[n] = h|n] = Z <[]k - m]
m=—co
Ly e —
2. Yo _om= %
3. 30 _om?= W
4. Z:to mr™ = % oy
5. Sn_gmirm = AUl ot g

X[n] *h[n] = h[n] *x[n]
xX[n] * ([n] + ha[n] ) = x[n] * hy[n] + x[n] * hy[n]
X[n] * ([n] * hyln]) = (x[n] * A[n]) * Myn]

if x[n] * h[n] =y|n] then x|n-m] * h|n-p| = y|n-m-p]
x[n] *6[n] = x[n]

if x[n] has width W, (length L) and /[n] has width W},
(length L) then the width of the convolution y[n]= x[n] *
h[n]is W, = Wt W, (length L, = L+ L;- 1)

hp[n] = hi[n] + ha[n]

he[n] = hi[n] * he[n]

(c)

y[n] = hin] x 2™ = Z hlm]z"—™
H(z2) = Z hlm]z~™

H)elnl], e n
Finding H(z) from the difference equation

A(E){yln]} = B(E) {x[n]}
_ B(z)
A(z)

Finding H(jQ) from H(z) by replacing z with &/©

oo
H(eY) = Z h[m]e 7%m
m—=—0o0
Total Response can be expressed as

yln] = [~1.26(4) 7™ + 0.444(=0.2)" + 5.82(0.8)"] uln] + 0.2(=0.2)" + 0.8(0.8)"

zero-state response zero-input response

y[n] = —1.26(4)"" + 0.644(—0.2)" + 6.62(0.8)"

Y >y

v -~

forced response natural response

System Stability

1. A causal LTID system is asymptotically stable if
and only if all the characteristic roots are inside the
unit circle. The roots may be simple or repeated.



2. A causal LTID system is marginally stable if and
only if there are no roots outside the unit circle, and
there are non-repeated roots on the unit circle.

3. A causal LTID system is unstable if and only if at
least one root is outside the unit circle or there are
repeated roots on the unit circle or both.

Chapter 6
DTFT ®

X(Q) = Z x[n]e 7

n=-—oo

IDFT x[n] = [" X(2)e/™dn

z[n]___| hlnl | _ yln] = x[n] % hin]
X(9) H(Q) Y(Q) = X(Q)H(Q)
piQon H(Q,)e/ o
= 1 i
E, = n:zoo l2[n]|? = o |, |X ()2 dQ

Distortionless Transmission in Bandpass Systems
L |a|ej(¢0_ﬂ'ng)
H(SZ) — { |a|c‘-:j(_¢’°_9”5)

Q.—B<Q<Q.+B
—Q.—-B<Q<-Q.+B

|F ()]

ZH()

Group delay
ng () = —iﬁﬂ(il)
BV dQ
Modulation

1
x[n]cos(Qon) <— 5

(X (2 — Qo) + X(2+ Q)]
Connection between DTFT X(Q) and CTFT X.(®)

-1 3 n (152

k=—0o0
Connection between downsampled DTFT X |(Q) by a
factor M and CTFT X¢(o)

1 — 0 — 21k
Xim):mz XC( ™ )
k=—0o0

Connection between downsampled DTFT X|(Q) by a
factor M and the original DTFT X(Q)

M-1

— 2mm
X, () = MZ ( )
&[n] @
X(Q)

Decimation

zq([n]

x[n]
Hd Xd(ﬂ)

X(Q)

M-—1

Q—2mm Q —2mm
- 2 X () m ()

m=0

Connection between upsampling DTFT X3(Q) by a
factor L and the original DTFT X(Q)

X4 (Q2) = X(LQ)

Connection between upsampling and ideal interpolated
DTFT Xi(Q) by a factor L and the original CTFT X(®)

B

k=—o0

Connection between upsampling and interpolated
DTFT Xi(Q) by a factor L and the original DTFT X(Q)

z[n] z4[n] 7 L% [n]
X(Q) X+(Q) ' X;(Q)
Interpolation

Xi(2) = X4(Q)H;(Q?)

xi[n] = Z x[klhin — kL]
k=—oc

Fractional Sampling Rate Conversion

xz[n] 4 wy[n]

(a)

Hiif L>M
Hyif L< M

AL,[:]

(b)



* Upsampling by L followed by downsampling
by M changes the overall sampling rate by a

) X(z) o~ B Y(z)  X(2) G(z2) Y(z)

fractional amount L/M. \TJ = - - "| TTHEGE) -
* The two lowpass filters H; and Hg, being in N

. |
cascade, can be replaced by a single lowpass
filter of cutoff frequency n/L or /M, () = ozl + bzl . 4 b 12+ by
. . &) = = =
whichever is lower. K fazK Tt +ag_12+ax
Direct Form IT (DFII) Transpose Direct Form II (TDFII)

* Preferable to do upsampling prior to LOWN v b vl ve)

downsampling to avoid loss of information.

Chapter 7
The z-transform
x@= Y xlnle |
@) x[nlz Frequency Response from Pole-zero locations
n=—oo
The transfer function H(z ; rirg T Hi ri
@ [H(e)] = [bol 72— = Jbol ==k

dldg"'dK Hf—:l di

yln+ Kl +aryfn + (K = 1)) +--- + ag—1yln + 1] + agyln] = ‘
product of the distances of zeros to e/

born+ K]+ bizn+ (K — 1)+« + b _1x[n+ 1] + bgzn] — |t

= | - .
ol product of the distances of poles to eI’
H(z) = Y(2) _ B(z) b2 + 012K+ b2+ bk
)= T Al - K SK—1 1 ... > - =
XG) Alz) 2R A @ETT A AKAZ T AR ) - gy 6y 4 byt ) — (b0 = Zho 4 Y - D
=1 k=1
H( ) }’r( > ) Z {ZEI’O-St ate resporlse} = /by + sum of zero angles to e/? — sum of pole angles to e/?
Z) = f— -
X (2) Z {input} Im
System Stability
* A causal LTID system is asymptotically stable if
and only if all the characteristic roots are inside the
unit circle. The roots may be simple or repeated.
. . . i
* A causal LTID system is marginally stable if and f
only if there are no roots outside the unit circle and |
there are non-repeated roots on the unit circle. 5 o
| Re
1
* A causal LTID system is unstable if and only if at \
least one root is outside the unit circle, there are \
repeated roots on the unit circle, or both.
System Block
. I, (z) II y . ~ .
&) 1 ) _ (=) Hi(2) + Ha(2) Y(z) T—
|| H3(z) |I

(a)

X(z) -H1(z) W(z) - Y(z) _ X(z) () a(2) Y(z)

(b)



Chapter 9

N-1 15 '
X[kl = ) x[nJe7/%kn  0<k<N-1 x[n] =5 ) X[k]e/%k" 0<n<N-1
n=0 k=0
2 2
Qo = woT = 21f,T = Zf" = Wn
fom g i
”””mf‘: _ = ii me ”
i ~4 -
1 T -
fo = T_o N = 70 N =]}; fo _%
_ i Sm(—QN %k) o —I(QN=27k)(N—1)/2N
N — Sm QN2N27rk)
if z[n] +— X|[k], then z[(—n)y]| +— X[(—k)n] = X[N — k]

if x[n] +— X|[k|, then

;’I?[<’I'I- — ?T?_.)N} VEEEEN X[k}e—jﬂ(}»‘cm

N—-1
z[n)®hn] = Y x[mlh[(n —m)y] ‘——) y) = X [k] H [A]
-m,=0r=0 r=1 =2
| | N | |
zero pprded Na [Ma—1]
{ N, |N,17L|
| N -1
output blocks N, ‘ il |

‘Nh—ll Nz—Np+1 |Nh—1|

|Nh—1| No—Nj+1 |Nh—1|




z[n] X (z) ROC
1. 4[n] 1 All 2
2. ufn = 2> 1
3. ymufn > b
4. v lun — 1] p— |21 > 1]
5. ny"uln] ﬁz 12| > |7
6. n2y"uln] %}l 2] > |7
7. m+!)[m!'}'n_mﬂ[n] Gy 2| > |7
; — |y B
8. || cos(Bn)uln] z?f2[Tq-|lgols'E§S){z}-g]|7|? |2] > |7
9. |y["sin(Bn)uln] T e 21 >
; ) — |~y 3—8
10 |y cos(Bn + 0)uln] e e 2] > ]
_ (0.5e7%)z (0.5e=79)2
= =hle? T hleE
11.  7|y|" cos(Bn + @)u[n] ﬁ% |z| > |7
. a?|y|2+b2—2abe
"= \/ l[?—c?
B =cos ! (ﬁ)
=t —1 ac—b
()
- & |z >0 k>0
12.  d[n — K] z 2l<oo k<0
13. —u[-n—1] = 2] <1
14. —y"u[-n —1] — 2| < |7
15. —ny"u[-n —1] o |2| < |7




Bilateral z-Transform

Unilateral z-Transform

Synthesis:
z[n] = 2173 §X(z)z""1dz

Analysis:
X(z)=3 " __x[n]z=" ROC: R,
Linearity:

az[n]+by[n] <= aX (2)+bY (z),
ROC: At least R, N R,,

Complex Conjugation:
z*[n] < X*(z*), ROC: R,
Time Reversal:

z[-n] < X (1/z), ROC: 1/R,

Time Shifting:
z[n — m)] & pomyx (z), ROC: Almost R,

z-Domain Scaling:

Y xz[n] =R X(z/v), ROC: |y|Rs
z-Domain Differentiation:
nz(n| JEN —zZ X(z), ROC: R,
Time Convolution:

z[n] * y[n| PN X(2)Y(z), ROC: At least R, N R,

Synthesis:
z[n] = % §X(z)z""1dz
Analysis:
X(z) = X nlozn]z7"
Linearity:

az[n]+by[n] =N aX (z)+bY (z)

Complex Conjugation:
2*[n] <5 X*(z%)

Time Reversal:

Time Shifting:

If m>0: zjn — m|uln —m] =IR z7™mX (z)
(general case given below)
z-Domain Scaling:
yraln] £ X (2/7)
z-Domain Differentiation:
nxn| L —z2L X (2)

Time Convolution:

z[n] * y[n] <= X(2)Y(2)

Unilateral z-Transform Time Shifting, General Case
If m > 0: z[n — m]uln] =N 2" X (2) + 2™y x[—n]z"
If m < 0: z[n —mun] En i mX(2) — 2™ St gn)z




x[n] h[n] x[n] = h[n]
1. z[n] d[n — k] x[n — k|
2. wuln] uln] (n+ 1)u[n]
3. uln] nwn] M uln]
4. nuln] nuln| % u[n]
5. wuln] ™ uln] (L_l_n:l) uln]
6. nuln] Y u[n] (%) u[n]
7. y"un]  y"un] (n + 1)y"un]
n n Pl _qpt?
8. afuln]  pulnl (5= )] #
0. Afufn]  mrguln] Gt (4 B0y a3 ) ulnl o #
10 sful]  Aful-n—1] 3] + =2 gul-n—1] | > |l
11, |m|™uln]  |ye|™cos(Bn +@)uln] & [[r2|"*! cos[B(n+1)+0—¢] — |y1|* ! cos(§—¢)] u[n]

R=+/Iml*-2n

V2| cos(B) + [12[?

Discrete-Time Fourier Transform

Synthesis:
a[n] = gz fyn X ()57 A2

- Analysis:
X(Q) = Lol oo zlnle™™

Duality:

Linearity:
axln] + by[n] <= aX(Q) +0Y(Q)
Complex Conjugation:
z*[n] &= X*(-0)

Scaling and Reversal:
(see Sec. 6.6)
z[—n] <= X(-0Q)
Shifting:
zn — m] <= X(Q)e 10m
z[n]elPm = X (0 - Q)

Differentiation:

—jnzn] = d%X{Q)

Time Integration:

Convolﬁtion:
z[n] * y[n] <= X (Q)Y ()
znlyln] <= 7 X (@Y (2)

Correlation:
pzyll] = 2fl] ¥ y*[-1] &= X(2)Y*(Q)

Parseval’s:
Eo =0 oo ln)? = o o X (@) d0

_ tan-1 [_lnelsin(s)
¢ [w cos(B)— 1]
Fourier Transform

Synthesis:

3(t) = &= f_oom X (w)e™ dw
Analysis: !

X(w) = ffow x(t)e I« dt

Duality:

if z(t) <= X(w), then X (t) = 27z(~w)

. Linearity:
az(t) + by(t) <= aX (w) + bY (w)

Complex Conjugation:
o*(t) <= X*(—w)
Scaling and Reversal:
z(at) &= ﬁX (2)
z(—t) = X(—w)

Shifting:
et — ty) <= X (w)e It
o(t)e?rt = X (w — wo)
Differentiation:

%x(t] = jwX(w)

—jtz(t) &= £X(w)

Time Integration:

It a(r)dr <= £ X (0)d(w)
Convolution:

o(t) * y(t) <= X(w)Y(w)
o(t)y(t) += 5= X (w) * Y (w)
Correlation:
pzy(T) = 2(7) $ Y™ (—T) &= X (W)Y (w)

Parseval’s:
E,=[%_|z@®)dt = 3 [T X (W)|* dw




x(t) X(w)
1. eMu(t) jw£A Re{A} <0
2. eMu(—t) — 5% Re{A} >0
3. el T Re{\} <0
4. theMau(t) (M—_L):)m Re{A} <0
5. e " cos(wot)u(t) ﬁ% a>0
6. e “"sin(wot)u(t) W"W a >0
7. 11 (%) Tsine (;—jj) T >0
8. %blnc (%) 11 (%) B >0
9. A (%) %Sinc2 (%) T >0
10. %smc2 (%) A(55) B >0
11, e t*/20 o/ 2me= 7 w2 o>0
12, 5(1) 1
13. 1 216 ()
14.  wu(t) To(w) + J%
15, sgn(t) J%
16.  eiwot 278 (w — wp)
17.  cos(wot) [0 (w —wo) + d(w + wo)]
18.  sin(wqt) 510w —wy) = 6(w + wo)]
19. cos(wot )u(t) 5 [0(w —wo) +6(w +wo)] + :g%
20.  sin(wot)u(t) 77 [0(w —wo) = 0w + wo)] + wg'“f’wr_,
21, S Ot —KT)  wod o 0(w — kwo) wy = &




x[n] X(Q)for —n<Q <7
1. d[n—k eIk Integer k
2. A"un] E—ﬁ% [v] < 1
3. —"u[-n—1] % [v] > 1
4. o - 2'}/}:0_5(9)—0—72 Iy <1
5. ny"uln] ﬁ vl <1
6. |y cos(Qon+6)uln] EJ;L‘?,JQ;ﬁ:ff&mfﬁgﬁ;ﬁ” ly] <1
7. uln] —uln — L] 75‘;?(‘9%)2) —ULz—1)/2
8. E5111((}3“) H(%) 0O<B<m
9. %smc (B”) A(%) 0<B<m
0. 1 :JmS(Q)
11, uln] JQ 7 +76(Q2)
12, eifhon 7o (2—p) |Qo| < m
13.  cos(Qgn) T[6(Q—8p) + 6(Q+)] Q| <7
14.  sin(gn) Z [6(Q2—820) — 6(2+)] Q| <7
15.  cos(Qon) u[n] Eﬂ;"“;; oG + Z[6(Q— ) +6(Q+20)] Q| <7
16.  sin(Qon) u[n] W}fjg)m + 2 [0(2=20) — 5(2+20)] || <7
x[n] X ()
1. dn—k eIk Integer k
2. y™uln] % v <1
3. —"u[-n—1] % lv] > 1
4. A m Iy <1
5. ny"u[n] (?;’,’% |v] <1
6. |v|"cos(Qon+6)uln] E’:,Li“;fjl(fgs‘('gc[fjéﬁﬁ?” ly| < 1
7. un] —uln— L] 751;&%9%)2) e—3ULs—1)/2
8. Esinc(£2) She (B3R
0. grsine®(32) Yl AREEH)
10. 1 27 Zk—f o(Q—27k)
11.  uln] Eﬁq—_l + Ty e o, 0(Q2—27k)
12.  edfhon 2 e 0(Q—Q0—27k)
13, cos(Qon) TY po oo 0(2—Qo—27k) + 6(Q+ Q0 —27k)
14.  sin(Qgn) %Zf:_m 0(Q—Qo—27k) — 6(Q2+Qp—27k)
15.  cos(Qon) uln] E;ff;j;ggjfgll + 23 e 0(Q—Q0—27k) + 0(Q+Q0—27k)
16.  sin(Qon) u[n] e T 8(Q— Qo —2mk) — (Q+ Qo —27k)




