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PROBLEM 1. 1.
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RIX[K]} + S{X[k]} = R{X[~k mod N]} — jS{X[~k mod NI}
— RIX[K]} = R{X[-k mod N]} and S{X[k]} = ~S{X [~k mod N}

This implies that the real part of X [k] is symmetric and the imaginary part of X[k]
is anti-symmetric.

4. Since x[n] is real z[n| = z*[n]. Then
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(x[n] —2*[-n mod N]) — %(X[/f] — X'[K]) = 7S{X[R]}

PROBLEM 2. Denote the DET of z4[n|xs[n] by X. Then we have

—_

X[kl ® Xo[k] =% Z X1[l] X[k —1 mod N]

2
2

=

-1

xl[m]x2[r] oI5 (mitr(k=1 mod N))

m=0 r=0 l

=0
1 - m T’ mo
NZ z1[m iz le 6]N (k—l mod N)
1

N

Il
=)

Note that N
i % mitr(h-t mod N)) _ )0 2 ifm;ér'
1=0 Ne inmk  if m =r
Therefore,
N-1
X[k ® Xolk] = > a1[mlzafm]e 7 ¥ = XTk].
m=0

| s = o)

—0o0

By a change of variable one can easily show that
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Using these we obtain,

1.



/_Z 0(2t = 5)f(3t +2)dt = %/: o(t — g)f(i’,t +2)dt = %f(gg 1 2) = %f(12_9)_
3.
[ oS e niedpi=3 [ - Hadpi= 3-8
— SHGR = 573)
4. . S 3 |
/_oo 5(5 +4)(f(0)’dt = 5 /_OO S(t+6)(f(1)dt = 2(f(—6))
D.

/Oo §(—4t +5)(2f(2t)* + f(2t — 1) + 2)dt

_ %/_(: 5t — 2)(2 (20 + (2 — 1) + 2)d

1, 5, .5
= Z(2f(21> +f(21 —1)+2)

1.5 1,3 1
:if(§)2+1f(§)+§'

PROBLEM 4. 1. Let V denote the set of all ordered n-tuples. Let 0 = be the all-zero
n-tuple, and let e; be the n-tuple with a 1 at the ith position, and 0’s in the rest of
the positions.

Commutativity and associativity of addition is clear.

Distributivity of scalar multiplication can be checked easily.

0 is the null vector:

0+ [ay,...,an) =la1,...,a,] +0=ay,...,a,).

The additive inverse of [ay,...,a,] is [—aq,...,—ay]:
lai,...,a,) + [—a1,...,—a,] = 0.

1 is the identity element for scalar multiplication

1-[ag, ..., an) =[a1,...,a,] - 1 =[aq,...,a,).

Therefore V is a vector space. Clearly, every n-tuple [ay,...,a,] can be written as

n
Z a;e;.
k=1

Therefore {e;}}, is a basis for V. Thus, the dimension of the vector space is n.



2. Let z(z) = 0 = 0sin(z) 4 0 cos(z) be the zero function. Then it can easily be checked
that the set of functions y(x) = asin(x) + bcos(z) for any a, b satisfies the properties
of a vector space, its zero element being z(x), and the scalar 1 being the identity
element for multiplication.

The functions e;(z) = sin(z) and es(x) = cos(x) form a basis for this vector space.
Therefore the dimension is 2.

3. Denote the eight corners of a cube by ¢; = (0,0,0), co = (0,0,1), ¢35 = (0,1,0),
¢y = (1,0,0), ¢s = (0,1,1), ¢¢ = (1,1,0), ¢z = (1,0,1), cg = (1,1,1). Then the
diagonal vectors are d; = (1,1,1),ds = (1,1,-1), d3 = (1,-1,1), dy = (—1,1,1).
Then

dTdy=1+1-1=1+#0

Therefore the diagonals are not orthogonal.

4.
d[n] = u[n] —u[n — 1],
uln] =Y " d[n— k).
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It is easy to see that f.(t) = fo(—t) and f,(t) = —f,(t), and also that f.(t) + f,(t) =
f(t).

PROBLEM 5. 1. X (&%) =3 xn]e 7" =322 ne 7" = cos(w) + 2 cos(2w) + 73,
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Now note that for || < 1 we have
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Plugging this in (1) we get
1

X (e*) 3

v

_1),

X (e7) Z 2" sin( —n]eIen
_0 i
— n;oo on sin(zn)e_j“”
= — Z(ie”’ sin 4n)
- Z eJW - 6 i
25
- Z eJW %n _ e_j%n
25
=1 inn o L=, 1 =
- _ ~JwtF\n gan . ~Jw—5\n
2 (Ge™T)els™ + 2 ;0(26 1)
B 1 . 1
O 2j(1 = et T 2j(1 — Ledmd)
In the above, the third equality follows from sin(t) = — sin(—t)
X(e¥) = n;m <sin <gn + %) + cos(n)) e Ien
= n;m sin <gn + %) eI 4 n;m cos(n)e 7"
= —% [ejgg(w — g) — e 5w+ 5)}
1~ .
+5 [5@ 1) —(w 1)}

X (&%) = n;m cos <%n) sin (%Tn) ¢
= (n:ij:m cos (%n) e‘j“”> * (n:i:o sin <2§n) e_j“”>
- (3 [f0- s+ D))« (F -2 -
SR



