Spring 2004
ECE 120B 
5
Homework #7 Solutions


Problem 12.12 (a)

Compute the eight point DFT of figure P12.12(a) pg. 672.

From figure 12.2(b):

y[n] = n(0.5)n u[n]    n = 0,1,2,…N-1  for eight point DFT therefore  n = 0,1,2, …7;  where N = 8

Y[k] = DFT [y[n]]  =  
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Expanding the summation   (remember 2(/8 = (/4)

Y[k] = 0 + (1)(0.5)1 e-j(k(1)/4 + (2)(0.5)2 e-j(k(2)/4 + (3)(0.5)3 e-j(k(3)/4 + (4)(0.5)4 e-j(k(4)/4 +

(5)(0.5)5 e-j(k(5)/4 + (6)(0.5)6 e-j(k(6)/4 + (7)(0.5)7 e-j(k(7)/4

        = 0 +  (0.5) e-j(k(1)/4 +(0.5) e-j(k(2)/4 +(0.375) e-j(k(3)/4 + (0.25) e-j(k(4)/4 +

(0.15625) e-j(k(5)/4 +(0.09375) e-j(k(6)/4 +(0.05469) e-j(k(7)/4
where k = 0,1,2, …N-1   =   0,1,2,…7

plug in k =0  and add up the terms

Y[0] = 0 +  (0.5) e-j((0)(1)/4 +(0.5) e-j((0)(2)/4 +(0.375) e-j((0)(3)/4 + (0.25) e-j((0)(4)/4 +

(0.15625) e-j((0)(5)/4 +(0.09375) e-j((0)(6)/4 +(0.05469) e-j((0)(7)/4

        = 0 +  (0.5) +(0.5) +(0.375) + (0.25) + (0.15625) +(0.09375) +(0.05469)

        = 1.9297

Now plug in for all terms k = 0,1,2,..N-1 = 0,1,2,…7

Y[0] =  1.9297

Y[1] = -0.2334 - 0.8758 j

Y[2] = -0.3437 - 0.2266 j

Y[3] = -0.2666 – 0.0633 j

Y[4] = -0.2422

Y[5] = -0.2666 + 0.0633 j

Y[6] = -0.3438 + 0.2266 j

Y[7] = -0.2334 + 0.8758 j

Thus the eight-point DFT has been found by finding the terms Y[0] to Y[7].

Alternatively this can be written as:

Y[k]  =  [ 1.9297, -0.2334 - 0.8758 j, -0.3437 - 0.2266 j, -0.2666 – 0.0633 j, -0.2422, -0.2666 + 

  0.0633 j, -0.3438 + 0.2266 j, -0.2334 + 0.8758 j ]

Problem 12.15 (a)

Compute the eight point DFT of x(t) = 5 cos(8(t)    T = 0.1 s; starting at t=0

x[n] = 5 cos(8(nT) =  5 cos(0.8(n)
where t = nT = n*0.1

n = 0,1,2,…N-1  for eight point DFT therefore  n = 0,1,2, …7;  where N = 8

Therefore,

x[n] =  [  5 cos(0.8(*0), 5 cos(0.8(*1), 5 cos(0.8(*2), 5 cos(0.8(*3), 

5 cos(0.8(*4), 5 cos(0.8(*5), 5 cos(0.8(*6), 5 cos(0.8(*7)  ]

       =  [  5.0, -4.05, 1.55, 1.55, -4.05, 5.0, -4.05, 1.55  ]

X[k] = DFT [x[n]]  =  
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Expanding the summation for X[k] (remember 2(/8 = (/4):

X[k] = 5.0  - 4.05 e-j(k(1)/4 + 1.55 e-j(k(2)/4 + 1.55 e-j(k(3)/4 – 4.05 e-j(k(4)/4 + 5.0 e-j(k(5)/4 – 

4.05 e-j(k(6)/4 + 1.55 e-j(k(7)/4   

where k = 0,1,2, …N-1   =   0,1,2,…7

plug in k =0  and add up the terms

X[0] = 5.0  - 4.05 e-j((0)(1)/4 + 1.55 e-j((0)(2)/4 + 1.55 e-j((0)(3)/4 – 4.05 e-j((0)(4)/4 +

5.0 e-j((0)(5)/4 – 4.05 e-j((0)(6)/4 + 1.55 e-j((0)(7)/4     

        =  5.0 -4.05 + 1.55 + 1.55 -4.05 + 5.0 -4.05+ 1.55 =  2.50

Now plug in for all terms k = 0,1,2,..N-1 = 0,1,2,…7

X[0] =   2.50

X[1] =  2.65 + 0.81j

X[2] =  3.45 + 2.14j

X[3] =  15.44 +11.99j

X[4] = -5.60

X[5] =  15.44 – 11.99j

X[6] =  3.45 – 2.14j

X[7] =  2.65 – 0.81j

Thus the eight-point DFT has been found by finding the terms Y[0] to Y[7].

Alternatively this can be written as:

Y[k]  =
 [  2.50, 2.65 + 0.81j, 3.45 + 2.14j, 15.44 +11.99j, -5.60, 15.44 – 11.99j, 3.45 – 2.14j, 

2.65 – 0.81j  ]

Problem 12.16 (a)

Repeat problem 12.15 multiplying x[n] by an eight-point Hanning window

From pg 640 equation 12.44

w[n] = 
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   n = 0,1,2,…N-1

Therefore plugging in n =0,1,2,…7

w[n] = [  0, 0.1883, 0.6113, 0.9505, 0.9505, 0.6113, 0.1883, 0  ]

From problem 12.15(a)

x[n] =  [  5.0, -4.05, 1.55, 1.55, -4.05, 5.0, -4.05, 1.55  ]

x2[n] = w[n]x[n] = [  0, -0.7617, 0.9445, 1.4686, -3.8449, 3.0565, -0.7617, 0  ]

X2[k] = DFT [x2[n]]  =  
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Expanding the summation for X2[k] (remember 2(/8 = (/4):

X2[k] = 0  - 0.7617 e-j(k(1)/4 + 0.9445 e-j(k(2)/4 + 1.4686 e-j(k(3)/4 – 3.8449 e-j(k(4)/4 + 3.0565 e-j(k(5)/4

 – 0.7617 e-j(k(6)/4 + 0  ]
where k = 0,1,2, …N-1   =   0,1,2,…7

plug in k =0  and add up the terms

X2[0] = 0 - 0.7617 + 0.9445 + 1.4686 - 3.8449 + 3.0565 - 0.7617 + 0  =  0.1013
Now plug in for all terms k = 0,1,2,..N-1 = 0,1,2,…7

X2[0] =  0.1013

X2[1] =  0.1066 – 0.0448j

X2[2] = -4.0277 – 0.8262j 

X2[3] =  7.5832 + 3.3676j

X2[4] = -7.4255

X2[5] =  7.5832 - 3.3676j

X2[6] = -4.0277 + 0.8262j

X2[7] =  0.1066 + 0.0448j

Alternatively this can be written as:

X2[k] = [  0.1013, 0.1066 – 0.0448j, -4.0277 – 0.8262j, 7.5832 + 3.3676j, -7.4255, 

7.5832 - 3.3676j, -4.0277 + 0.8262j, 0.1066 + 0.0448j  ]

The Hanning window is used to reduce the errors in the DFT caused by spectrum spreading or spectrum leakage distortion.

Problem 12.20

f(t) = 7 cos(100t)cos(40t)
t = nT  where T = 2(/(2() = 1

f[n] = 7cos(100n)cos(40n)

Using trigonometric identities

f[n] = 
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for one period (k=0)

(a)
The highest frequency component of one period of F(() is 140 rad/s.

The minimum sampling frequency to avoid aliasing ((s) is given by

(s  >  2*(m  where (m is the highest frequency component (bandwidth)

(s  >  2*140 rad/s  = 280 rad/s

This leads to a sampling time Ts < 22.4 ms  (where Ts = 1/fs)

(b)

(s  = 300 rad/s

frequency resolution = 1 rad/s  = Δ(
T = sampling interval = 2( / (s = 2(/300

Δ(=  
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Problem 12.25

X[k] = [ 22, -4+2j, -6, -4-2j ]

Y[k] = [ 8, -2-2j, 0, -2+2j ]

N = 4

x[n] 
=  
[image: image11.wmf]å
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   n = 0,1,2,3

For k = 0

x[0]  
=  
[image: image13.wmf]å
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 = (1/4)( X[0] + X[1] + X[2] + X[3] ) 

=  (1/4) ( 22 -4+2j -6 -4-2j)  =  2

Similarly for k =-1,2,3

x[1]
=  (1/4)[ X[0] + X[1](j) + X[2](j)2 + X[3](j)3 ]  =  6

x[2]
=  (1/4)[ X[0] + X[1](j)2 + X[2](j)4 + X[3](j)6 ]  =  6

x[2]
=  (1/4)[ X[0] + X[1](j)3 + X[2](j)6 + X[3](j)9 ]  =  8

Therefore,
x[n] = [  2, 6, 6, 8  ]

y[n] 
=
[image: image14.wmf]å
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   n = 0,1,2,3

By expanding the summation like for x[n] you obtain:

y[n]
=  [  1, 3, 3, 1  ]

(a)

v[n] 
=  x[n]*y[n]    where * is the linear convolution


=  
[image: image15.wmf]]
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For p =2

Using the summation

0    0    0    8    6    6    2

0    1    3    3    1    0    0

v[2] =  0  +0  +0+24 +6  +0  +0   =  30  = v[2]
Using linear convolution

0    0    2   6    6    8    0

0    1    3   3    1    0    0

v[2] =  0  +0 +6+18  +6 +0  +0   =  30  = v[2]

(b)

w[n] 
=  x[n]
[image: image16.wmf]Ä

y[n]    = convolution

W[k] = X[k]Y[k]  =  [  176, 12+4j, 0. 12-4j  ]

w[2]  =  
[image: image17.wmf]å
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  =  (1/4)[ W[0] + W[1](j)2 + W[2](j)4 + W[3](j)6 ]  =  152/4

w[2]  =  38

(c)

Rxy =  
[image: image18.wmf]]
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For p =2

Using the above definition

    0    0    0    2    6    6    8

    0    1    3    3    1    0    0

Rxy[2] =  0  +0  +0 +6  +6  +0  +0   =  Rxy[2] = 12

(d)

Ryx =  
[image: image19.wmf]]
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For p =2

Using the above definition

   0    0    0    1    3    3    1

   0    2    6    6    8    0    0

Ryx[2] =  0  +0  +0 +6 +24  +0  +0  = Ryx[2] = 30

(e)

Rxx =  
[image: image20.wmf]]
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For p =2

Using the above definition

    0    0    0    2    6    6    8

    0    2    6    6    8    0    0

Rxx[2] =  0  +0 +0+12 +48  +0  +0  = Rxx[2] = 60

(f)

Sx[k] 
=  
[image: image21.wmf]]
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=  
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1

 [ 22, -4+2j, -6, -4-2j ] [ 22, -4-2j, -6, -4+2j ]   multiply term by term


=  
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1

 [ (22)(22),  (-4+2j)(-4-2j), (-6)(-6), (-4-2j)(-4+2j) ]


=  
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1

 [484, 20, 36, 20]

Sx[k]
=  [  121, 5, 9, 5  ]
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