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PROBLEM:
For each of the following systems, determine if they are (1) linear; (2) time-invariant; (3) causal.

(@ yIn] = x[n — 2] + 2x[n] 4+ x[n + 2]
(b) yIn] = nx[n]
(©) yIn] = (x[—n)?

McClellan, Schafer and Yoder, Sgnal Processing First, ISBN 0-13-065562-7.
Prentice Hall, Upper Saddle River, NJ 07458. (© 2003 Pearson Education, Inc. ‘ SO L UT I O N



(a) y[n] = x[n-27] + 2x[n) +x{n+27)

This Was Hhe Same form as aw FIR Hlen
with wmultiplies, adds awd delays, se 4 fs
alse LINEAR  awd TIME-INV,

T+ is NOT CAUSAL. Here s a counten- exw?le‘.
Let xi= &IW) a2 — tais ivput stoats ot n=o.
Thea i) = L§(n-20) F5W) +8nr27)

This ou-\-]?\r}' stonts ok h=-., so i+ stonts
before the input => oK - CAVS AL

() yw=nxfm)
CALSALV 2 Yes Yol = N X means Hhat yine]
depemds only on +he Mput at n=n,.
LINEAR ? Yes
YW= nx, ) T X} = X, T0) + BxzTw] Hew
VY2 Wl= NX;in] l Y= n (oex, T} + Pxatnl)
= o (Nx,In1) + B (n%2(n))
= X HIn) + 2 Y2 In]

Time-nv? Ne

whenw tHhe iapu*!- is xMn)= S‘n'], +He O\.)"FU"" 'S
Yinl= nxin)= nk) = & for all n.

whenw e in‘pu{- is askifled I'M"Dul‘:e.“) €.q. X, nl= 8[n-f]
thew. +he c>u+"70+ 'S yt[“"]z nln-N= 1-8§n-1)

Bot y,[ul is wot the shifled versiom of yini
becavse  yIn) 3 yln-1]
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© yin) = (X[*V\'])z M"FLJ(’" 2 SQUARE

LINEAR ¢ MO TH xt]= o] +fXbnl the
yim = (X nT)T i YWl = (XEW)*= (k¥ 6n] + @x,En1)
v )= (X2 L) = o (6ER1)"+ 2B BN X2l + BENT)

# (N + p(6E)T

Time-Inv? NO

m"]"' S§{n-1) , Hhem the ou-}ru{- Vs y{;ﬂ:(&[—n—n])z

Since +he systew {lips Hie upok aud Sgranes
the ou\?ul— 12 y{n‘f-- F&[M '] - i SAME
Now shift +he wputs X [W]= x[n-1]= L[n-27].
The ootput sy, ()= (§[-n-2] ) = E(n+2] “ &'}__ ”:f?fe
But y,[W] # YIu-1) becavse yim-1]=S[n-1il=gpa.

CAVSAL7? MO
T¢ xIn1= 8(x-71, +hew y[-7]= ( x[(—-173)%= (x.[v])":- l
Se the ootput ot N=-7, needs a valve fiom Ha &L_“_‘U_r_g
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