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LTI Systems

x[n] = yk[n] = Z akxk[ n| = Xr@ryrln]

* If we can find a set of “basic” signals, such that

_—

>a rich class of signals can be represented as linear
combinations of these basic (building block) signals.

—=>the response of LTI Systems to these basic signals are both
simple an%gnsughtful

Htj—m j ﬂ\(t) ™ L—J(é’w).—z_woﬁ\}*rgﬁ
 Candidate sets s of “basic” signals
= Unit impulse function and its delays: §(t) /8 [n]

- Complex exponential/sinusoid signals: e5t, eJ“t/z", /@

g
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CT Fourier Transform of Aperiodic Signal x(t)

e

- Tl O

@General strategy
approximate x(t) by a periodic signal x;(t) with infinite period T
1

/
Her(e)) = dimyxa() = x(0)

g P |
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CT Fourier Transform Pair

 Fourier transform (analysis equation)

—> @= ?@} =J x(t)e I@tdt

0.0)
— 00

where X (jw) called spectrum of x(t)

 lnverse Fourier transform (synthesis equation)

| 20 =G0 = RGw)e

Superposition of complex exponentials at continuum of frequencies,
frequency component e/t has “amplitude” of X(jw)dw /27
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Fourier Series of DT Periodic Signals

» Recall a periodic DT signal x[n]
> with fundamental period N, and
= fundamental frequency w, = 2 /N

* Fourier series represent x[n] in terms of harmonically
related complex exponentials

= Synthesis equation

—— X[?’l] — Z ay ejka)on: Z ay e N

ke(N) kE(N)

i

= Analysis equation

g 1 . 1 _.2m
T g =~ z x[n]e /kwont = ~ Z x[n]e /"W

ne(N) Nne(N)
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DT Fourier Transform of Aperiodic Signal x[n]

—» General strategy
- approximate x[n] by a p&tim:_signal xy[n] with infinite period N

s L
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DT Fourier Transform

—p= Step 1:
= Let be a aperiodic DT signal with supp x € [Ny, N, ]

x|n]

—

f\;: I\ll.
» Construct a periodic ¢xtensic nwith@ >N, —

n

N, +1
xy(n) = z:;_ #x[n + kN|
= 'fjm
GﬂLJnMnLJu&gE;uwnLinﬁnLn
/N
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DT Fourier Transform

—=, Step 2: Fourier series representation for xy[n], w,
xy|n]

0 & =k,
1 1 & 1
@)= Y xulnlemkoon = = % (x[nfl-fkdon = Z x(eskeo)
N e N — N
ne(N) — n<h,
P
= where we define - F{
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DT Fourier Transform

. As@icreases, discrete frequencies are sampled more densely

4 X (1]
MMM
n
0 N
1 1 1
A =— z xy[n]eTkwon = — z x[n]e /k@ot = — x(g/k@o)
NnE(N) Nn=N1 N

= where we define

(00)
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DT Fourier Transform

« AS(N)- o0, wy = 0, Na, japproaches envelope X (e/®)

—_———

Xy |n]
= =
0 N .
1 1 & 1
e _jkwon = — z —fkwon = —X kao
A = z xy|nle N x[nle N (e )
ne(N) n=N,

= where we define
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DT Fourier Transform

—® Step 3: Synthesis equation for DT Fourier series of xy[n],

wln = Y agelom = ) x(efkon) glkwon
ke(N) ke(N) wn
since w, = 21/N, . 2 as ?
— ayln] = _@X(e]kwo) eJfco | N febyiod 27X

ASN = 00 = wg = 0,xy[n] - x[n],@) - da, % - J
1 . . _
x[n] = lim xy[n] = lim — i X (e/k@o) glkwom g =

N—oo wo=0 27T =
—P 1 /IUV-:O ] :\
== e/?)e/Pdw
2 —Antegration can take any period of length 27
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DT Fourier Transform Pair

DT Fourier transform (analysis equation)

| G@e)-rom - Y )

MHDO‘-C 27X n=-—0oo

y
> where X(e/®) called spectrum of x[n], periodic with perio@>

DT inverse Fourier transform (synthesis equation)

- frequency component e/®™ has “amplitude” of X(e/®)dw/2x
= integrate over a frequency interval producing distinct e/®
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High vs, L:ovy(frgzg)g\encies for DT Signals

—> High frequencies around (2k + 1), low frequencies around 2kn

—= [T 1 1

R

; h!

Lo
=T

=

- ;T - rflll—. >
I T T

o%[n] = cus- n)=1 @) [n] = cos(wn/4) o5 [n] = cos(wn/2)
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High vs. Low Frequencies for DT Signals
jwn . . -
7  h=0, 1, ))\/ /
« Discrete frequencies of periodic signals with period N
= evenly spaced points on unit circle
= low frequencies close to 1, high frequencies close to —1
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High vs. Low Frequencies for DT Signals

X1 :”]

b1

0 n
@l” Xa(e)
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CT Fourier Series of Periodic Signal x(t)

* Fourier Transform of a finite duration signal x[n] that is
equal to xy[n] over one period, e.g., for Ny <n < N,

X(e/?) = F{x[n]} = z x[n]e Jon

n=—oo

* Fourier coefficients of periodic signal xy[n] with period N

—F= proportional to equally spaced samples of the Fourier
transform of x[n], i.e., one period of xy[n]
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Convergence of DT Eourief, Transform

Can T
= X")- zwla i e
e Analysis equation will converge If nfini-te

x[n] is absolutely summable
D lxnll <=
n=-c0 ——

= or x[n] has finite energy

> Ixn)f? < oo
n=——o
21T

~—> Synthesis equation in general has no convergence
Issues, since the integration is taken over a finite interval




S 18
YAXAAY

SHANGHAI JIAO TONG UNIVERSITY I

Example

—m=>Unit impulse
x[n] = 8[n] — x(e/*) = 1

—= DC signal

x[n] =1 <i>X(ej‘”) =27 Z S[w — 2ml]

[=—00

= Proof:
x[n]
1 1 Oe @, |
JW ) pjwn _- jon
= @(e )el“"dw = o), el dw

" —er™ N

218 (w)e’dw = 1
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n=-o0d -

 One-sided Decaying Exponential g
1

F .
x[n] = a*u[n] «—— X(e’/?) = . al <1
. = a sin w
|X(ef‘”)| = , argX(eJ“)) = — arctan
V1 —2acosw + a? - 1 —acosw
o NI T Al
Xi(e¥) 5 X5 (™)
=0 a=—0,
7 lia "\{ ]—:-_a
o - = 2rW —2r  —m 0N LT 2w
X1 () X>(e")
arctan —=

3 A N 2w o AR A

— arctan —2£ |al

I—a’ 1 —a?
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Example =

n=-o2

|~

—

— 0N

g )l

o n jon

=/ —n N
=> 0/ + 2 00
n=—-—00 n=10

—» Two-sided Decaying Exponential

1 —|al? %

F .
x[n] = auln] <—>X(ef‘") " 1-2acosw + a? lal <1
X1 (7] X2 (1]
a=0.5 1 a= —0.5 '
- ]
-.OTT Tfo._.._ P T T ° _op
n & l l & n
X, ()
14¢
1l —a
—
| ] 1+:: i |
—2r - 0 4

20
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M M— 2w N | '
= =y . ' P WN g0 ij
Example 297 1-0¢ (& _un\g —¢ ¢ )¢
- AR
- Rectangular Pulse _‘"_,_1’3’—— N C
(2N1+1
Sin
x[n] = u[n + N;] — u[n — N;] <—>\X£§i‘ﬁ)—
sin
‘ x|n]
—NJI%M "
X(ev)
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Example

—=Ideal Lowpass Filter
sm(Wn) F L X (1) = {1, 2kn —W < w < 2km+ W
— € 0, 2kr+W<w<Qk+2Dn—W

x|n] =
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DT Fourier Transform of Periodic Signals

A periodic signal x,[n] with fundamental frequency
wo = 2m/N has a DT Fourier series representation

N L
kE(N)

= Xy(e®) = Fpalnl} = ) a Fle/ o))
) kel

e Question then becomes
I F ) =
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DT Fourier Transform of Periodic Signals

—==>Basic Fourier transform pair

o X(ej“’) has impulses at wg, wg * 2, (i)_Q,;—I_in’

e Verified using the synthesis equation
1 . . 1 . .
— F- HXx(e/v)} = > X(ef“’)ef“mdw =— X(ef“’)ef“mdw

— J2n— 2T

1
= Zn(Sgw a)O)ef“’"da) = gJ@on :O

—_—
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DT Fourier Transform of Periodic Signals

« DT Fourier series representation

= 2 k+uv5 (w — (kAH@g) = 27 7 a6 (w — mwy)

—1y] —_ M M=
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DT Fourier .ransf\ofrm%f Periodic Signals
KNl N\ =

Z(e") 7 F Z 27k o0 R e
e Can also verify using synthesis equati -
1 (2% 21 o .
—=> > XN(eJ‘”)ef“’"d = fn z a6 (w — kwy)e’!“dw
r @ N k=—oc0

e Onlytermswith k =0,1,...,N — 1 in the interval of integration

2T N-1 N-1
N ] ]
jn z a;,6 (w — kwy)e!"dw = Z aielk@o = xyn]
N k=0 k=0 —
—_— /N
NG
» Therefore, verified
1 . .
—+> xy[n] = —f Xy(e/®)e/dw
21 )y S
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DT Fourier Transform of Periodic Signals

* Recall DTFS ciefficient a; IS amplitude at frequency w = kw,

1 . 2
> (o= f(e"e),  where X(e/”) = Fixinl), wo= G
= B @y

Al b AN s

0 W W W




e 28
YAXAAY

SHANGHAI JIAO TONG UNIVERSITY

DT Fourier Transform of Periodic Signals

Xy
OmCW&@OﬁiW—&Oﬁiﬂ-WMH
0 N

(o= 7 A (¢ )% 5 2 Z((’ﬁa (0 —ky
» DT Fourier transform — X (ef’“”o is cjlznsny at frequency w = kw,

—2 Xy (eJ®) = 21 Z a8 (0 — kag) £ w) z X(kaoo)d = kaio)
. K=—oo ~ k=
Xy (o) Q@@
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| f | 1 | T f | 1 | f |
—37 27 -1 w0 Mo— T T 2r T 3p W
arg X (&)
O (D o

| |
31 -2« —wgaj 0w T 27 3r W



Y FXAAY

30



= v 31
YHERAAE

SHANGHAI JIAO TONG UNIVERSITY I

Properties of DT Fourier Transform

F . F -
x|n] <—>X(ef“’), y[n]e—Y(e’®)

e Periodicity (different from CTFT)
X(e l'(a)+27t)) — X(eja))

—=>Linearity

ax[n] + by[n]i_@((ej‘“) + bY (e/®)

——

—s°Time and frequency shifting
Ll e o)
—Fn —(m)J—be @b x (@), T piwony[n] X (/@)
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Example: Highpass vs. Lowpass Filters
Hp(e")

1

=27 —T —We O We T 27 W
Hip(e™) = Hp(¢“ ™)

_ | r -
1 1 m 1

7 —r 1 0 T k4 o

(T_wc)
Hpp(e’”) = Hip(e/*™™) & hypln] = e]n@ @hlp

. thpassﬂumngy [n] = x[n] * hyp[n] implemented by lowpass filter
;@1)&L]— =1 "@ (2) y1[n] = x1[n] * hyp[n], (3) y[n] 2=V ys[n]
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Example ) (-oT) U
_ e _h-\
—+20ne-sided Decaying Exponential *@)‘?@Q‘:&‘) s
F . 1 o
x[n] = a"ul[n] — X(el?) = T lal <1 |
|X(e/?)| = , arg X(e/®) = —arctan a>ne

V1 —2acosw + a? 1—acosw

—

—|> _I27r —I:rr (]\ Hl_a ?Il’

X, (e™)
\ arctan \/: arctan _|]E|_

| / ]
7 N7 e e - S
— arctar ] la]

arctan \/1—a3 a \/__

— arctan
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34

Properties of DT Fourier Transform

—= Time reversal

x[—n] i)X(e:j‘”)

—rs Conjugation

©ln <i>)@(egj“))

Proof: F{x*[n]} = Xp-_o x*[n]e /" = [ X5 _o, x[n] @] _/@(e Jo)

w
e« Conjugate Symmetry X)X ) = Z(e )*’X (@ 7"‘)

n

| reaV= X(eJY) = X*(eJ2)

ix'

n

] even & X(e/®) even, x[n] odd & X(e/“) odd

=X
=X

n] real-and-even < X(e/“) real and even

] real and odd & X(e/%) purely-imaginary andodd
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Example
yocd entan _
—I=Two-sided Decaying Exponential
x[n] = al™u[n] ;X(ej“)) = L—lal” la]l < 1
o= ~1—-2acosw + a?
X1 (7] L X2 |1

a=0.5 7 a= —0.5 - 'ﬂs

/@ -.QTTI ]Tfo._.._ P T T ° _op

n ® l l é n

35



e 36
YAXAAY

SHANGHAI JIAO TONG UNIVERSITY I

Differencing and Accumulation

— First (backward) difference
x[n] — x[n = 1] (1 — e )X (/)

—+—Accumulation (Running sum)

n

z x[m] < 7 7 —1e‘f“’ X(e/?) + nX(e!%) z 6(w — 2mk)

m==c0___— — \ s

= first term from differencing property
= second term is DTFT of DC component F{x}, x = %X(ef(’)

N —

—t” Example: since §[n]«—1 ",

1 (0.0]
z 5[m 1_e]w+n28(w—2nk)

k=z—0——
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Time Expansion

= Recall time and frequency scaling property of CTFT

F 1 [0
x(at) < >|a|X<]a),a¢ 0

e Butin DT case,
= x[an] makes no sense if a_ & Z
> for a_e Z,if a = +1, problems-still-exist,
*© e.0., let a=2, x[2n] misses odd values of x[n]

— We can “slow” a DT signhal down by inserting consecutive

zeros, for a positive-integer-k
° Xaeyp] obtained by inserting k =1 zeres-between-two-suceessive
vatuesof x[n|
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Time Expansion

 Formally, for a positive integer k, define x,[n] by

x[n/k], ifnis multiple of k

= xgln] = |

0, otherwise
0 n : 0 n
o |If
j:'
x[n]e—
then Je 1
F .
Xgo[n]e—X(e/k2)
=kt

e Proof: ji'{x(k) [n]} — Z%‘;_wx(k) [n]e—jwn — Z?‘;_oox[l]e—jwkl — X(ejka))
R ~— — — e
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Example (™) "X
w, =T X(e¥)
da X(07) &
i\
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—Differentiation in Frequency

x[n];X(ejw)

e Differentiation in frequency

F o dX(el?)
RC 0 R B

* Proof:

O(X(ef“’) ~0( 2 e~Jjon
Al

differentiate both sides,

%X(ejw) :\__/L z w]e—jwn

\/‘\/\— Nn=-—oco

40
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Parseval's Relation

F .
For a DT Fourier transform pair x[n] «— X(ejw)
2 dw
- Z bxln O X/ do = | |x(e/)|" o=
27T 2T

 Note: w Is angular frequency and f = w/2m Is frequency

e Interpretation: Energy conservation
° Yme—oolX[n]]%: total energy

- |x(es*)|": energy per unit frequency, called energy-density
SpectruiTT
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Parseval's Relation

F .
- For a DT Fourier transform pair x[n]«—X(e/®)

3 it = & o= [ o
. Proof )
_Zoobc _Zoo x[n]x*[n] = =Zoox[n] [%Lnx(ejw) ej“’"dw]

= i x[n] ZlﬂJ X*(e/®)e” J“mda)]

n=—oo
i X (e/®) i x[n]e 7" dw
2m J,

n=—oo

1
X (e/“)X(e/“)dw = — |X(e1w)| dw

27‘[ 2m J,
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Convolution Property of DTFT

/{ﬁnj XN
y[n] = x|n] <—>Y(ef‘“) ﬁelw)H(ef‘“
- Note: dga_l_gf_multlpllcatlon property of CTFS W‘L‘*«’V‘”j ”Uy’“‘x
(O — Y  mbiem

 Note: Similar to CTFT, applicable when formula is well-defined

—+ Proof:
v(e/)= ) ylnleem= )" x[n] «hfnlee"
B z (2 x[k]h[n—k]>e‘f“m
n=—oo \ k=—oo

= i x[k]( i h[n—k]e‘f“)n)
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Frequency Response of LTI Systems
 Fully characterized by impulse response h[n

y[n] = x[n] * h{n]

 Also fully characterized by frequency response H(e/®) =
F{h[n]}, if H(e/?) is wel

- BIBO stable system: (fn__oolh In]| <
= other systems;_giccumulator h[n] = u[n]

e Convolution property implies
= instead of computing x[n] * h[n] in time domain, we can analyze

a system in frequency domain

y[n| = x|n! f/{h|nj

Y(ei®) = X(eJ®) . H(ei®),  H(el®) = |H(elw |@)
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Example

Determine the Response of an LTI system with impulse response

h[n] = a™u[n], to the input x[n] = b™u[n], where |a] <1,|b| <1

—2 Method 1: convolution in time domain y[n] = x[n] * h[n]

—= Method 2: solving the difference equation with initial rest
condition y[n] — ay[n — 1] = b™u[n]

'(_L__a_@_‘?”)"
 Method 3: Fourier transform 7 |
1

. 1 . 1 |
joY) = J9) = v) =
H(e ) 1 _E Qe‘f‘“ ,X(e ) 1 2 Pe-Jw :’X_(f_._.) —ae @)1 — be‘f“))
- Mz b y(el) L (a”+1 b

= Ifa=>b,Y(e/? =Lgjw — ) = y[n] = (n+ 1)a™uln]
=L 2 @ ® \n
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Example

e Determine the Response of an LTI system with impulse response

}/f— a u[n]) to the input x[n] = cos(wgyn), where |a| < 1

e Freguency response:
H(ej‘”) =

1
— qe Jw

property H "7"""} U(())W)

« Method 1: using elgenf N
{Q.LD {2}4_ (e Q = Ref(e/o)etonn )

a sin w,
1 —acoswy

cos (won — arctan
\/1 — 2a cos wy + a?

e ——
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Example |(,B‘ 5 Z’ (W~ 2Th)

« Method 2: using Fourier transform

2 2

(00}

= X(ej‘”) = z 18 (w — wo + 2kn) + 18 (w + wy + 2km)]

k=—0o0

e e

_—

QMQ
¥(e/*) = X(e/)H(e/*) = M)(S(w — wy + 2km)

...7l/Jo

e J(“)0+2k” )5((» + wq + 2km)
1 . . 1 . .
o] = Li(eion)eiomn 4 Ly(o-tan)g-iom

:—OO

a7
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Example: Ideal Bandstop Fllter

'_Z(Qﬂ ______________ E. ( _______ /HL( )
iy | Hele) 5

— Mrt'i»é
T X -

N —pgp Lo cmccmce e m ==
>
V\ﬁ
=2 —T
S
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Multlpllcatlon Property of DTFT

7
x[n] - y[n] i) % [X(eja)) ® y(ejw)] 21 ax(eje)y(ej(a)—m)dg
~—— 2 — —_—

* Note: dual of periodic convolution property of CTFS
FS
x(t) ® y(t) «—— Tayby

e Proof:

(0.0)

v 5 s - 5 (4] el

— J\_./__

1
Jjo (w—0)
=52 ] X ><;ﬂ/_ do
:_n X(QJH)K(@lutﬁgdg
2T
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. x[n] = x, [n]x,[n], where x;[n] = sin( 37m/4)’ x,[n] = sin(nn/Z)

X(ef‘”) _@[Xl eJ )?X (elw)] — [Xlgefw2 % X (e]a))]
periodic \_/aperlodlc

[ Xi(e)
. T T .
—2m -5 0 @ 2T W
1 akXZ(ejw)
—> ' - ?T
— T / _ N
. B Z:e"‘)) “ el
1t o‘(:Lﬂa/wiSﬁ
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~ L'~
2 20" )
Example Z.

= /N

sin( 3nn/4) X, [Tl] _ sin( Tn/2)

e x[n] = x1|n]x,[n], where x4 [n]|=

mn mn
1 . . 1 . 1 o o
%[Xl(e]w)c?xz(e]w)] = - |X1(e7?) x Xa (/)] = - Z Tokr [X1(e7) * X3 (7))
T ——ApF—
periodic aperiodic aperiodic
l“i](ejw)
T g = W
> D W EEN )
L Ka(e)
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Example
in(3 i 2
» x[n] = x,[n]xy[n], where x, [n] = S22 ) [n] = SR
mn mn
— [%:(e) @ o (7] = o[£ ()  Xo((e/)] = 5- Z I ACDIACE)
21T 1 2 21T 1 2 an__ 2k |21 2
periodic aperiodic aperiodic
l“}?] ('&Jw)
1 | I_%I ﬂ | % 1 | | LLI
lﬂjzi(ejw)
1 I_3_ﬂ-l 1 ﬂ L 1 3_“- | L w
4 4
= 4= 5 (X @ X)
_""--.________,...--""'_""'--._____
—2r -T -2 0 § 7 2 W
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Example. DT Modulation 1"+ —¢
2
y|n] = x[n]c[n], where c[n] = cos(w.n)
11 X(E@)=
N =AT A
—IQTT —-Wle, —Wy WM I I
Cle”)
DGR, \ G \/)
—ZTF\{L&J‘(.—ZTT :5ﬂ+wﬁ. —We ZT—mﬂ 2?1' 2:rr + W,
. < 4 ¢ 2T — W, — Wy
TP AN NN AN

* No overlap between replicas: (Ne=Wm>0
{Cl)c > W\ T

We T+ wy <7 M 2~
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Example: DT Modulation
z|n]

N

N —

y|n]c|n], where c|[n] = cos(w,n)

Y(e*)

VANILNEIIN }

NTA LA

We + Wy
C(@’“)

: t ! ‘ t ! |
—Z?T—Iw{.—IZﬂ =27 + we —:Uc 0 “e 2T — w, 2;1' 2T + w,
Z(ev)

@ ﬂl 2w, — Wy
27 twy wut

=~
» ﬂ@ 2T

- Recover X(e/®) by lowpass filtering Y (e/“) with W € (wp, 2w, — wpy)

o4
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Duality in Fourier Analysis

——4/>CTFT: Both time and frequency functions are continuous and
aperiodic in general, identical form except for

= different signs in exponent of complex exponential
= constant factor 1/2n
1 (® . F e .
x(t) = > [ X(jw)e!®tdw «— X(jw) = J x(t)e 1@t dt

T o—

e Suppose two functions are related by

(0.0]

Fr) = j g(me i dr

o Lett=t,andr = w, = g(t);f(w)

:7:'
o Lett = —w,andr =t,= f(t)e—2ng(—w)

F F
e Duality: | x()«e—X(w) & X({t)«—2nx(—jw)
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_Example of Duality in CTFT

F 2sin(aw
u(t+a)—u(t—a) «— (aw)

w
2sin(at) F
n ¢

> 2n[u(w + a) — u(w — a)] X (jw)

uxl(t)

ev

I -Wo w
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—Bbuality between D F}I;I and CTFS

DTFT pair : CTFES pair
¢ discrete time : e continuous time
e continuous frequency ! e discrete frequency

%7 analysis equation analysis equation

n=-—co //‘}S

synthesis equation

” 2T
a; = —f x(t)e I*@oldt, wy = —
T T

. ) CTFS
continuous variable ——

- ) doubly infinite sequences
periodic functions ——
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LCCDEs

e Determine the frequency response of an LTI system described by

N

M
> z aryln — k| = bpx[n — k]
k=0

—3— k=0

—=>Method 1: using the eigenfunction property
let x[n] @ > y[n] = H(e/®)e/®™

substitution in to the diffe

nce equation yields

—b zak[_](e]w)e]w(n R — z CICRD

W
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LCCDEs

 Method 2: taking the Fourier transform of both sides

N

M
e F Z apyln—kl;=F Z bpx|n — k]
> =

k=0

e By linearity and time shifting property

N M
—F> z ae IRy (e/0) = z b e T@kX (el®)
k=0 k=0

wk

. o bre™
jw) _ 2k=0"D%
’_——J?\Hf(e\) N_oaie jwk

—

- H(e/®)isarational function of e/¢, i.e., ratio of polynomials
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3 1
> yln] -2yl = 1]+ 2y[n - 2] = 2x[n]

 Frequency response

: 2
—= H(e/?)=—F
_1_ —ze ¢ +geT 2
= Using partial fraction expansion
2 4 2
[~ ey
(1—— —w)(l— efw) 1——e Jw 1——e jw
= Taking inverse Fourier tran m to flnd Im response

_4—

/
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Example
3 1
yinl =2yIn =11+ gyin = 2] = 2x[n]
- Determine zero-state response to x[n] ( ) /Q;
| . . 2 1
ﬁejw) = H(ejw)X(eJi) = ) 1 ot 1 iw 1 1 —jw
- Using parti lon '
. 4 2 8
Y(e/?) = — T - 2t 1
NN 1——e—1'w ( _1 —jw 1__e—ja)
7 1 e’ 2

= Taking inverse Fou;I);r transform‘tzb find ouféut
1\" 1\" 1\"
] = {—@ —2(n+1) —) +g@}u[n]

61
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