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2.2(a) By introducing the variables a and b, we can write the relationships

Substituting, we get

aln] = 2ln] + aafn — 1
and
bln] = aln — 1) = z[n — 1] + caln — 2]
=z[n— 1]+ a(zfn - 2]+ alzln - 3]+ a(...)))
=z[n — 1]+ ax[n — 2] + a®z[n — 3] + a®z[n — 4]...
= Zai_lx[n — 1.
Therefore,

=B+ Za x[n — 1.

We can get rid of the infinite sum as follows. First, we break the first terms out
of the sum to get

il = (B4 )aln— 1+ (8+2) Y o' afn 1
=2
Now we note that
yn—1]= (B +7) Za xz[n — (1 + 1)),
and substituting j =i+ 1,

yln =1 = (B+7) Y o’ 2z[n - j]

j—2
ayln—1]=(B8+7) Za x[n — 1]

yln] = (B+7)x [n—1]+ay[n—1]~



Another method to develop this relation between delayed versions of the output
and input is to use a table of coefficients. First, we write the input and output
in terms of delayed versions of a single variable:

z[n] = a[n] — aaln — 1]
y[n] = (8 +7)b[n]

Then, we create two tables where the columns represent delayed versions of
the variable a[n| and rows represent delayed versions of the input or output.
The entries are the coefficients of the delayed versions of a[n] in the linear
combination that equals the corresponding delayed input or output for that
row. By multiplying rows by a scalar, we look for linear combinations of the
input and output that cancel out the intermediate variable, in other words where
the sum of the columns of the output and input tables are equal. For example,
in this problem:

— aln] | aln —1] | a[n — 2]
zin| | 1 —«
(8 + y)zn —1] (B+7) | —a(B+7)
y[n] (B+7)
—ay[n —1] —a(f+7)

From this table, we see that as before,
yln] —ayln —1] = (6 + y)z[n - 1].
2.2(b)
yln] = a(z[n] + zln — 4]) + Bz[n — 1] + z[n = 3]) +yz[n - 2]
2.2(c) Introducing the variable a[n], we have

z[n] = a[n] + da[n — 1]
y[n] = da[n] + a[n — 1]

Using the table method, we write:

aln] | aln—1] | a[n — 2]
dz[n] | d d?
x[n — 1] 1 d
yln] | d 1
dyln — 1] d? d

Reading the table gives

y[n] + dy[n — 1] = dz[n] + z[n — 1].



2.2(d) We start with three new variables,

a[n] = x[n] + b[n]

b[n] = dya[n — 1] + dac[n]
c[n] = z[n] + a[n — 2]
y[n] = a[n — 2] + b[n]

Substituting, we can write = and y in terms of a as follows:

bln] = dax[n] + dra[n — 1] + daaln — 2]
aln] = z[n] — b[n]
= (1 — da)z[n] — dra[n — 1] — daa[n — 2]
(1 — do)z[n] = a[n] + dra[n — 1] + daa[n — 2]

and for the output,

yln] = bln] + aln - 2]
=dialn — 1] + (1 4+ da)a[n — 2] + daz[n]
aln] + dia[n — 1] + daa[n — 2]

=dialn — 1] + (1 + dz)a[n — 2] + ds] (1—dy) ]

_ dqaln] + dialn — 1] + aln — 2]
(1—dy)

So now we have

(1 —dg)x[n] = a[n] + dialn — 1] 4 dea[n — 2]
(1 = do2)y[n] = daa[n] + dialn — 1] + a[n — 2].

Now we use the table method. The scaling factor (1—d3) can be ignored because
it scales both equations equally.

aln] | aln—1] | a[n—2] | a[n —3] | a[n —4]
dgl’[n] d2 d1d2 (d2)2
dlx[n — 1] d1 (d1)2 d1d2
x[n — 2] 1 d1 d2
y[n] | da dy 1
dly[n — 1] d1d2 (d1)2 dl
dgy[n - 2] (d2)2 d1d2 dz

Reading the table gives

y[n] + diy[n — 1] + day[n — 2] = doz[n] + diz[n — 1] + z[n — 2.



2.6(a) If z[n] = Aa™ where A = |A]e’® and a = e(®+7%) then
z[n] = |Ale?PeloTI0In
— |A|80n€j(w"+¢)7

z*[—n] = |A|eo(fn)efj(w(fn)+¢>)
Therefore,

peslr] = 5 (aln] + 2 [-n])

A L jeentitonts) | gor(=m)=itw(-n)+a)]

2

and
Tpealn] + Teyln] = |A| S [T HIENEO) 4 gomi(ontd) 4 ol-mAT(-40) 4 ol-m=i(-n)+8)]
' 2
= |A|e"cos(wn + ¢) + |Ale” " cos(—wn + @)

I'm not quite sure how to get x,.s[n] alone from this...
Similarly, the conjugate asymmetric part can be obtained as follows:

Epeal] = 5 (aln] ~ ")

— A [erntinto)  ol-m—i@-n)+o)
2
and

pca

1 _ , . ,
Tpea[n] — x40 = |A‘§[80”+J(Wn+¢) + eonmiwnte) _ po(n)Hjwl=n)t+9) _ po(=n)=j(w(=n)+9)]

= |Ale?"cos(wn + @) — |Ale” " cos(—wn + @).

2.6(b)

h[n] = {=2+j5,4— j3,5+ j6,3 + j, —7 + j2}
h'[=n] ={-7-72,3-7,5-j6,4+;3,-2—j5}

1
hpes[n] = =(h[n] + h*[-n]) = 5{—9 + 3,7 —354,10,7 + j4,-9 — 53}

— N =

1
hpean] = 5 (hln] = h*[=n]) = S {5+ 47,1 52,12, 1 — j2, =5 + jT}
By inspection, we verify that the periodic conjugate symmetric part indeed fol-

lows hyes[n] = hy.[—n], and hpeq[n] = —hs ., [—n] holds for the asymmetric part.



2.19
We show that 6[n] = p[n] — p[n — 1]. From the definition u[n] = >"7_ [k,

we see that u[n — 1] = S20="__ 6[k]. Therefore,
n n—1
pln] —pln =1 =% 8k~ > 6[K]
k=—o0 k=—o00
n—1 n—1
+ Y Sk = D O[]
k=—oc0 k=—o00
=d[n).
2.21

(a) x1[n] = e774™" has fundamental frequency .4 * 7. Therefore, the period
is the smallest integer multiple of 2” , 50 N = 5.

(b) The fundamental frequency of sin(.6mn + .67) is .67, and 2T = 12 0
N = 10.

(c) The fundamental frequency of 2 cos(1.17mn— .57) +2sin(.77n) is the least
common multiple of 1.17 and .7mw, or 7.77. In normalized frequency, this is
equivalent to —.37, and and 237T = _:,?0 so N = 20.

(d) The fundamental frequency of 3sin(1.37n) — 4 cos(.3mn + .457) is the
least common multiple of 1.37 and .3, or 3.97. In normalized frequency, this
is equivalent to —.17, and and == = —20, so N = 20.

(e) The fundamental frequency of 5sin(1.2rn+.657)+4 sin(.8wn)—cos(.87n)
is the least common multiple of 1.27 and .87, or 2.47 (the second two terms
have the same frequency, so can be treated as a single sinusoid). In normalized
frequency, this is equivalent to .47, and and - 2” =5,s0 N =5.

(f) The period of xg[n] =n mod 6 is N = 6

2.23
z[n] = cosQonT is periodic when Q’TT is rational, i.e.
2r. N
Q()T o r
or 5
™
T=(=—
(0,
where ¢ is any rational number.
If Qo =18 and T' = %, then
2t 2
187/6 3’

so N =2.



