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(b) Y lk]=2 ZWA” 3 ZWA” Assume first N is even, i.e., N =2L. Then
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k(2r+1) L-1 ! ]
Yplk]= ZZW"L —32 Wy~ =ZZW —’%W’)LZWL —(2 IWy ‘=U.
r=0 r=0 r=0 r=0 L —W
N . - e N - K2r k(2r+1)
ext, assume N is odd,ie.. N=2L+1. Then ¥;[k]=2 ZWQL -3 Z Wy
r=0 r=0
k(L+1)
1-Wy _
-2 zwf’" —3Wy, s Wf’” _2(— —3%"41 Wi 2(1 |-
r=0 r=0 I—WL I—WL 1= WLJ
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5.12 X[!l]— Z AnWi = T an]WY + Z x[n] Wi
n={0 n=0 n=N/2
(Ni2)-1 (N/2)-1 ;
ST W ew (VDR s gk
n={ n=0 2
(N/2)-1
= T [x[n]+( 1) x[—+n] . For k=21, we get
n=0 \
(N{2)— 1 2 ¢ (N/2)-1¢ N ;
X[201= T |afnl+ .I[—+H]| "= T | xnl+ x[—+ﬂ]JWﬁ}2 = Xol/]
n=>0 '~. n=0 4 2
(N/D-1( Y (2041
and for k=20+1weget X[2(+1]= T |x[n]- x[ +n] |Wy n
n=0 \ /
(NFf2)y-1 N ) N
= ¥ fx[n]+x[—+n]]W sz— Xi[f] where 0=/<——1.
n=I \ 2 ¥, 2
gln]l = —(t[2n]+ x[2n+1]), Hn] = —(t[2n] —x[2n+1]),0=n = N 1. Solving for

n

L#Y]

')
x[2n]and x[2n+1], we get x[2n] = g[n]+h[n] and x[2n +1] = g[n]— hln]. Therefore,
N-1 (N1 (N/2)-1

XK1= = AdnlWi = = A2 Wi+ T a2rs 1wy
n=l) r=0 r=0
(N/2)-1 “ L (N12)-1 "
= X x2r]Wx Wy T x2r+1]Wyyo
r=0 r=0
(N/2)- L (N12)-1 "
= > (g[!?]-l— h[n) W\. /ot W‘\" 2. (g[ﬂ]—h[:‘?]) WN;"Z
r=0 r=0

s (N/2)-1 r i (NI2)-1 L
=(l+WrN) Z g[ﬂ] W;;J.rz +(1—WN) Z h[ﬂ] Wi{fj.fg
r=0 r=>0



=(1+WEGLK) § 121+ A =WEH[(K) 5 /21,0 <k <N —1.

5.27 Since for a real sequence, x[n] = x*[n]. taking the DFT of both sides we get
X[k]=X*[{(-k)n]. This implies
Re {XTK]} + J Im{XTk]} = Re {(X[(~k) x 1} — F Im {XT(~F) 5]}
Comparing real and imaginary parts we get Re{Xk]} = Re{X[{—k) ]} and
Im{XTk]} = -Im{X[(-FK) y ]}

Also, | XTk] = JRe (XTI + m{Xr])>
= VR {X[(~F) ¥ 11> + E{X[(-F) y]N? =|X[¢-F) 5] and

-l TR mIXTER N
arg{XTk]} = tan {Re{]{'[k]}) tan [RE{X[(—HN]}J arg {X[(—k) 51}

538 X[1]=X*[{~1)g] = X *[8] = 4.5 jl.6,
X[4]=X*[(—4)g] = X *[5] = -3.1- j8.2,
X[6]=X*[(-6)g]=X*[3]=-7.2+4.1,
X[7=X*[(-Tyg]= X *[2] =1.2+ j2.3.

5.39 Since the DFT X[X] is real-valued, x[n] is a circularly even sequence. i.e..
x[n]=x[(-n);;]. Therefore,
A1) = =12 1=A11]=-2,
4] = a(—4) 12 1= 8] =9.3,
x[7]=xl[{=Th21=x[5]=4.1,
x[9] = x[{-9}12 1= 3] =-3.25,
X[10] = x[{-10}12 1= 2] =0.7.

5.40 Since the DFT X[k] is imaginary-valued, x[#n] is a circularly odd sequence. i.e..
x[n] = —x{(—n)12]. Therefore.
7] =—-x(-T)12]=-x[5]=9.3,
X[8] = —x[(-8) 2] =—a[4] =-2.87,
A[9] == (=9} 2] =—a[3]=4.L
x[10] = =a[(-10) 2] = —x[2] = 3.25,
A1) = —x[(=11) 5] = —x{1] = —0.7.



5.41 X[K] = X *[(—k) 741 = X *[174 - k].
X[9]= X#[174 —9] = X #[165] = —3.4 + j5.9 = X[165]=-3.4— j59.
X[51]= X *[174—51]= X *[123] =5— j1.6 = X[123] =5+ jl.6.
X[113]= X *[174 - 113] = X *[61] =8.7— j4.9 = X[61]=8.7+ j4.9.
X[162] = X *[174 —162] = X *[12] =7.1— j2.4 = X[12]=7.1+ j2.4.
X[ki1=7.1+ j2.4, X[ky | =8.7 + j4.9, X[k3]=5+ j1.6, X[ky]= 3.4 j5.9.

(a) Comparing these 4 DFT samples with the DFT samples given above we conclude
ky =12, k, =61, k3 =123, ky =165.
(b) dc value of {x[n]}=X[0]=11.

173
(©) x[n]= ﬁ 2 X[k]Wﬁf{” = %(X[U] +2Re{X[9]W 77" } + 2Re (X[51]W73"}

+ X[ST]W‘S?” 2Re(X[113]W 743"} + 2 Re [ X[162]W7102"))
174 174 74

(d) % |x[n]| z |X[R]| = 86.0279.



