
Chapter 5 
 

5.1 Let Then  Since  is 

periodic in  with a period  Therefore  
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5.3   Since  hence all the terms which are not in the range ],[~][~ nrNn kk ψ=+ψ ,1,,1,0 −NK  

can be accumulated to  where ],[~ nkψ .10 −≤≤ Nk  Hence, in this case the Fourier 
series representation involves only N  complex exponential sequences. Let 
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Now, from Eq. (5.11), the inner summation is equal to N  if ,rk =  otherwise it is equal 
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3241

−≤≤〉〈+−+〉〈−
−

= NnkHWaakGWaa
aaaa N

k
NN

k
N  

5.15 (a)    For  even, i.e., .][][
1

0
2∑=

−

=

N

n

nk
NWnxkG k ,2l=k   

 

∑=
−

=

1

0

2
2][]2[

N

n

n
NWnxG ll

.10],[][
1

0
2 −≤≤=∑=

−

=
NXnx

N

n

n
N lll

 

(b)    Let .][][
12

2∑ −=
−

=

N

Nn

nk
NWNnxkH Nnm −=  or .Nmn +=   Then 

  For  even, i.e.,  

 

.][)1(][][
1

0
2

1

0

)(
2 ∑−=∑=

−

=

−

=

+ N

m

mk
N

kN

m

kNm
N WmxWmxkH k ,2l=k

.10],[][][]2[
1

0

1

0

2
2 −≤≤=∑=∑=

−

=

−

=
NXWnxWnxH

N

n

n
N

N

n

n
N lll ll

 

5.16    For  even, i.e., 

  

].[][])[][(][][
12

0
2

12

0
2 kHkGWnhngWnykY

N

n

nk
N

N

n

nk
N +=∑ +=∑=

−

=

−

=
k

,2l=k .10],[2]2[]2[]2[ −≤≤=+= NXHGY lllll  

 For  odd, i.e.,    and  k ,12 += lk ∑=∑=+
−

=

−

=

+ 1

0
2

1

0

)12(
2 ][][]12[

N

n

n
N

n
N

N

n

n
N WWnxWnxG lll

.10,]12[][][]12[
1

0
2

1

0

)12(
2 −≤≤∑ +−=−=∑−=+

−

=

−

=

+ NGWWnxWnxH
N

n

n
N

n
N

N

n

n
N lll ll    

Hence, for  ,12 += lk .10,0]12[]12[]12[ −≤≤=+−+=+ NGGY llll  
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5.17   Thus, 

 

.][][][
1

0

1

0
∑=∑=
−

=

−

=

N

n

nk
MN

MN

n

nk
MN WnxWnykY

].[][][][
1

0

1

0
kXWnxWnxkMY

N

n

nk
N

N

n

nkM
MN =∑=∑=

−

=

−

=
5.18 
 

5.19 (a)  Now,   Hence if ].[)1(][]2/[
1

0

1

0

2/ nxWnxNX
N

n

nN

n

nN
N ∑ −=∑=

−

=

−

=
]1[][ nNxnx −−=  

and  is even, then  N .0][)1(]2/[
1

0
=∑ −=

−

=
nxNX

N

n

n

 

(b)   Hence if .][]0[
1

0
∑=
−

=

N

n
nxX ],1[][ nNxnx −−−=  then .0]0[ =X  

 

(c)   ∑+∑=∑=
−

−=

−

=

−

=

1

1)2/(

2
1)2/(

0

21

0

2 ][][][]2[
N

Nn

n
N

N

n

n
N

N

n

n
N WnxWnxWnxX llll

( ) .][][][][
1

0

2
2

1)2/(

0

2
1)2/(

0

2
2

∑ ++=∑ ++∑=
−

=

−

=

−

=

M

n

n
M

N

n

n
N

N

n

n
N WMnxnxWnxWnx N lll   Hence if 

],[][ Mnxnx +−=  then 0]2[ =lX  for .10 −≤≤ Ml  
 

5.20  ∑+∑=∑=
−

=

−

=

−

=

1

2/

21)2/(

0

21

0

2 ][][][]2[
N

Nn

mn
N

N

n

mn
N

N

n

mn
N WnxWnxWnxmX

 ∑ ++∑=
−

=

−

=

12/

0

2
2

1)2/(

0

2 ][][
N

n

mN
N

mn
N

NN

n

mn
N WWnxWnx ,0[][

1)2/(

0

2
2

=∑ ⎟
⎠
⎞⎜

⎝
⎛ ++=

−

=

N

n

mn
N

N Wnxnx  

 .10
2
−≤≤ Nm   This implies .0][][

2
=++ Nnxnx  

  
5.21 (a)  Using the circular convolution property of the DFT given in Table 5.3, we get 

 and   ][}[{DFT 1
1 kXWmnx km

NN =〉−〈 ].[}[{DFT 2
2 kXWmnx km

NN =〉−〈

 Hence,  ].[)(][][]}[{DF][ 1121 kXWWkXWkXWnwTkW km
N

km
N

km
N

km
N +=+==

 
(b)  ( ) ( ).][][][)1(][][ )2/(

2
1

2
1 nxWnxnxnxng nN

N
n −+=−+=   Using the circular 

convolution property of the DFT given in Table 5.3, we get 

{ }.[][]}[{DFT][
22

1
N

NkXkXngkG 〉−〈+==  

 
 (c)  Using the circular convolution property of the DFT given in Table 5.3, we get 
  ].[][][]}[{DF][ 2 kXkXkXnyTkY =⋅==

Not for sale. 115



 

5.22 (a)  { } ].[)1(][[DFT )2/(
2

kXkXWnx kNk
NN

N −==〉−〈   Hence,  

{ }
⎩
⎨
⎧

=−−=〉−〈−==
.evenfor,0
,oddfor],[2

][)1(][[][DFT]}[{DFT][
2 k

kkX
kXkXnxnxnukU k

N
N

 (b)  ].[2][][]
2
N[][DFT]}[{DFT][ kXkXkXnxnxnvkV =+=

⎭
⎬
⎫

⎩
⎨
⎧ −−==  

 (c)    Hence, using the circular frequency-shifting 
property of the DFT given in Table 5.3, we get 

].[][)1(][ )2/( nxWnxny nN
N

n =−=

{ } ].[][DFT]}[{DFT][
2

)2/(
N

NnN
N kXnxWnykY 〉−〈===  

 
5.23 (a)  From the circular frequency-shifting property of the DFT given in Table 5.3, we get 

 and   Hence,  ][}[{IDFT 1
1 nxWmkX nm

NN
−=〉−〈 ].[}[{IDFT 2

2 nxWmkX nm
NN
−=〉−〈

 }[}[{IDFT]}[{IDFT][ 21 NN mkXmkXkWnw 〉−〈+〉−〈== βα  

 ].[)(][][ 2121 nxWWnxWnxW nm
N

nm
N

nm
N

nm
N

−−−− +=+= βαβα  

 (b)  ( ).][][])[)1(][(][ )2/(
2
1

2
1 kXWkXkXkXkG kN

N
k −+=−+=   Using the circular 

time-shifting property of the DFT given in Table 5.3, we get 

.[][]}[{IDFT][
22

1
⎟
⎠
⎞⎜

⎝
⎛ 〉−〈+== N

NnxnxkGng  

(c) Using the modulation property of the DFT given in Table 5.3, we get 
].[][][]}[{IDFT][ 2 nxNnxnxNkYny ⋅=⋅⋅==  

 

5.24 (a)   ∑+∑=∑=
−

=

−

=

−

=

1

2/

21)2/(

0

21

0

2 ][][][]2[
N

Nn

mn
N

N

n

mn
N

N

n

mn
N WnxWnxWnxmX

 ∑ ++∑=
−

=

+−

=

12/

0

)(2

2

1)2/(

0

2 2][][
N

n

nm
N

NN

n

mn
N

N

WnxWnx  

 mn
N

N

n

mn
N

NN

n

mn
N WWnxWnx ∑ ++∑=

−

=

−

=

12/

0

2
2

1)2/(

0

2 ][][  

∑ ⎟
⎠
⎞⎜

⎝
⎛ ++=

−

=

1)2/(

0

2
2

][][
N

n

mn
N

N Wnxnx ( ) .10,0][][
2

1)2/(

0

2 −≤≤=∑ −=
−

=

NN

n

mn
N mWnxnx  

 

(b)  ∑=
−

=

1

0

4][]4[
N

n

n
NWnxX ll

∑+∑+∑+∑=
−

=

−

=

−

=

−

=

1

4/3

41)4/3(

2/

41)2/(

4/

41)4/(

0

4 ][][][][
N

Nn

n
N

N

Nn

n
N

N

Nn

n
N

N

n

n
N WnxWnxWnxWnx llll  
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∑
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
++++++=

−

=

+++1

0

)(4

4
3)(4

2

)(4

4
44 4

3
24 ][][][][

N NNN

n

n
N

Nn
N

Nn
N

Nn
N WnxWnxWnxWnx

lll
l

∑ ⎟
⎠
⎞⎜

⎝
⎛ ++++++=

−

=

1

0

43
4

32
24

4
][][][][

N

n

n
N

n
N

Nn
N

Nn
N

N WWnxWnxWnxnx llll  

0])[][][][(
1

0

44
=∑ −+−=

−

=

N

n

n
NWnxnxnXnx l   as   .132 === N

N
N

N
N
N WWW lll

 

5.25 (a)   ].[*][][][
1

0

1

0

)( kXWnxWnxkNX
N

n

kn
N

N

n

nkN
N +∑=∑=−

−

=

−−

=

−

 (b)    which is real. ∑∑=
−

=

−

=

1

0

1

0

0 ][][]0[
N

n

N

n
N nxWnxX

 (c)  ][)1(][][
1

0

1

0

)2/(
2

nxWnxX
N

n

nN

n

nN
N

N
∑ −=∑=
−

=

−

=
  which is real. 

 

5.26  .][][
1

0
∑=
−

=

N

n

nk
NWnxkX

(a)    Replacing  by .][*][*
1

0
∑=
−

=

−N

n

nk
NWnxkX n nN −  in the summation we obtain 

   Thus, .][*][*][*
1

0

1

0

)( ∑ −=∑ −=
−

=

−

=

−− N

n

nk
N

N

n

knN
N WnNxWnNxkX

 ].[*}[*{DFT]}[*DFT{ kXnxnNx N =〉〈−=−  

(b)  ]}.[*][{]}[Re{
2
1 nxnxnx +=   Taking the DFT of both sides and using the results 

of Part (a) we get { } { }.[*][]}[Re{DFT
2
1

NkXkXnx 〉〈−+=  

 (c)  ]}.[*][{]}[Im{
2
1 nxnxnxj −=   Thus,  { } { }.[*][]}[Im{DFT

2
1

NkXkXnxj 〉〈−−=  

 (d)   ]}.[*][{][
2
1

Ncs nxnxnx 〉〈−+=   Using the linearity property and results of Part (b) 

we get ]}.[Re{]}[*][{]}[{DFT
2
1 kXkXkXnxcs =+=  

(e)   ]}.[*][{][
2
1

Nca nxnxnx 〉〈−−=   Using the linearity property and results of Part (b) 

we get ]}.[Im{]}[*][{]}[{DFT
2
1 kXjkXkXnxca =−=  
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5.27 Since for a real sequence, ],[*][ nxnx =  taking the DFT of both sides we get 
  This implies ].[*][ NkXkX 〉〈−=

]}.[Im{]}[Re{]}[Im{]}[Re{ NN kXjkXkXjkX 〉〈−−〉〈−=+  
Comparing real and imaginary parts we get ]}[Re{]}[Re{ NkXkX 〉〈−=  and 

 ]}.[Im{]}[Im{ NkXkX 〉〈−−=

Also, 22 ]})[(Im{]})[(Re{][ kXkXkX +=  

][]})[(Im{]})[(Re{ 22
NNN kXkXkX 〉〈−=〉〈−+〉〈−=   and 

]}.[arg{
]}[Re{
]}[Im{

tan
]}[Re{
]}[Im{tan]}[arg{ 11

N
N

N kX
kX
kX

kX
kXkX 〉〈−−=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
〉〈−
〉〈−−

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= −−  

 
5.28 (a)  ].[}351221534{][ 191 nxnx =−−−−=〉〈−   Thus,  is a 

circular even sequence and hence, it has a real-valued 9 -point DFT. 
][1 nx

 
(b)  ].[}514334150{][ 292 nxnx −=−−−−=〉〈−   Thus,  is a 
circular odd sequence and hence, it has an imaginaryl-valued 9 -point DFT. 

][2 nx

 
(c)  }524334150{][ 93 −−−−−=〉〈−nx  which is neither equal to 

 nor equal to  Thus,  has a complex-valued 9 -point DFT. ][3 nx ].[3 nx− ][3 nx
 

  (d)  ].[}522442255{][ 494 nxnx =−−−=〉〈−   Thus,  is a 
circular even sequence and hence, it has a real-valued 9 -point DFT. 

][4 nx

 
5.29 (a)    Hence,   ].5[][ 8〉−〈= ngnh ][][][][ 4/58/105

8 kGekGekGWkH kjkjk ππ === −

),6.25.3(),4.12.4(),7.23(,1.46.2 4/152/54/5{ jejejej jjj −+−−+= πππ  

  .)6.13(),6.14.2(),4.43.1(),5.0( }4/352/154/255 jejejee jjjj +−−+ ππππ

 
 (b)    Hence,   ].3[][ 8〉+〈= kGkH ][][][][ 4/38/63

8 ngengengWnh njnj ππ −− ===

),2.21.1(),7.02(),3.1(,7.01.0{ 4/92/34/3 jejejej jjj +++−−= −−− πππ  

)}.5.1(),1.32.1(),1.04.3(),2.08.0( 4/212/94/153 jejejeje jjjj ππππ −−−− +−−+−  
 
5.30 (a)    Therefore,  ].[][][ nhngny βα +=

  ].[][][][][][
1

0

1

0

1

0
kHkGWnhWngWnykY

N

n

nk
N

N

n

nk
N

N

n

nk
N βαβα +=∑+∑=∑=

−

=

−

=

−

=
 

 (b)    Therefore,   ].[][ Nonngnx 〉−〈= nk
NN

N

n
o WnngkX ][][

1

0
〉∑ −〈=

−

=
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nk
N

N

nn
o

nk
N

n

n
o WnngWnnNg

o

o
][][

11

0
∑ −+∑ −+=
−

=

−

=
 

 

].[][][][
1

0

)(1

0

)(1
kGWWngWWngWng kn

N
N

n
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N

kn
N

knn
N

nN

n
o

kNnn
N

N

nNn
oooo

o
=∑=∑+∑=

−

=

+−−

=

−+−

−=
 

 

(c)    Therefore,   ].[][ ngWnu nk
N
o−= ∑=∑=

−

=

−−

=

1

0

)(1

0
][][][

N

n

nkk
N

N

n

kn
N

oWngWnukU

⎪
⎪
⎩

⎪⎪
⎨

⎧

<∑

≥∑
= −

=

−+

−

=

−

.if,][

,if,][

1

0

)(

1

0

)(

o
N

n

nkkN
N

o
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n

nkk
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kkWng

kkWng

o

o

 

Thus,  ].[
,if],[
,if],[

][ No
oo

oo kkG
kkkkNG
kkkkG

kU 〉−〈=
⎩
⎨
⎧

<−+
≥−

=

 

(d)    Therefore,   ].[][ nGnh = ∑=∑=
−

=

−

=

1

0

1

0
][][][

N

n

nk
N

N

n

nk
N WnGWnhkH

.][][
1

0

1

0

)(1

0

1

0
∑ ∑=∑ ∑=
−

=

−

=

+−

=

−

=

N

r

N

n

nrk
N

kr
N

N

n

N

r

nr
N WrgWWrg   The second sum is nonzero only if 

 or else if  and 0== rk kNr −= .0≠k  Hence, 

].[
,0if],[
,0if],0[

][ NkNg
kkNNg
kNg

kH 〉〈−=
⎩
⎨
⎧

>−
=

=  

 

(e)    Therefore,   ].[][][
1

0
∑ 〉−〈−=
−

=

N

m
Nmnhmgnu nk

N
N

n

N

m
N WmnhmgkU ][][][

1

0

1

0
∑ ∑ 〉−〈−=
−

=

−

=

].[][][][][][
1

0

1

0

1

0
kGkHWkHmgWmnhmg mk

N
N

m

nk
N

N

m

N

n
N =∑=∑ ∑ 〉−〈−=

−

=

−

=

−

=
 

 

5.31 ∑ ∑=∑ ∑=∑
−

=

−

=

−−

=

−

=

−−

=

1

0

1

0

1

0

1

0

1

0
][*][

1
][*][

1
][*][

N

k

N

n

nk
N

N

n

N

k

nk
N

N

n
WnhkG

N
nhWkG

N
nhng  

 ∑=
−

=

1

0
].[*][

1 N

k
kHkG

N
 

 

5.32 r R r  {DFT =]}[lxy ∑=
−

=

1

0
][

N
xy

l
l k

Nxy W ll][ k
N

N N

n
N Wnynx l

l
l∑ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∑ 〉+〈=

−

=

−

=

1

0

1

0
[][

  ∑ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∑=∑ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∑ 〉+〈=

−

=

−

=

−−

=

−

=

1

0

1

0

)(1
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1

0
][][][][
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n
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n
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l
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  ].[][*][][
1

0

1

0
kYkXWmyWnx

N

n

N m
N

nk
N =∑ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∑=

−

=

−

=

−

l

l

 
5.33 Note  is the –point DFT of the sequence  obtained from ][kX MN ][nxe ][nx  by 

appending it with  zeros. Thus, the length-  sequence  is given by )1( −NM MN ][ny

   Taking the –DFT of both sides we 

get  

.10],[][
1

0
−≤≤〉−〈∑=

−

=
MNnNnxny MN

M
e l

l
MN

].[][][
1

0

1

0
kXWkXWkY

M k
N

M Nk
MN ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∑=⎟⎟

⎠

⎞
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⎝

⎛
∑=

−

=

−

= l

l

l
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5.34 (a)   .30][]0[
9

0
=∑=

=n
nxX

 (b)   .0][)1(]5[
9

0
=∑ −=

=
nxX

n

n

 (c)    .30]0[10][
9

0
−=∑ ⋅=

=k
xkX

 (d)  The inverse DFT of  is ][5/2 kXe kj π− ].2[ 10〉−〈nx  Thus,  ][
9

0

5/2 kXe
k

kj∑
=

π−

.100]8[10]20[10 10 −=⋅=〉−〈⋅= xx  

 (e)  From Parseval’s relation, 38600.][10][
9

0

29

0

2 =∑⋅=∑
== nk

nxkX  

 
5.35 ,2]5[*]7[*]7[ 12 jXXX −==〉〈−=  ,23]4[*]8[*]8[ 12 jXXX −−==〉〈−=  
 ,36]3[*]9[*]9[ 12 jXXX −==〉〈−=   ,121]2[*]10[*]10[ 12 jXXX +==〉〈−=  
 .28]1[*]11[*]11[ 12 jXXX +==〉〈−=  

 (a)  ,5.4][
12

1
]0[

11

0
=∑=

=k
kXx  

 (b)  ,8333.0][)1(
12

1
]6[

11

0
−=∑ −=

=k

k kXx  

 (c)   ,11]0[][
11

0
==∑

=
Xnx

n

 (d)  Let   Then,  ].[][][ 4
12

3/2 nxWnxeng nnj −π == ].4[]}[{DFT 12
4

12 〉−〈=− kXnxW n

Thus,  ,23]8[]40[][][ 12
11

0

3/211

0
jXXnxeng

n

nj

n
−−==〉−〈=∑=∑

=

π

=

(e)  From Parseval’s relation, .8333.74][
12

1
][

11

0

211

0

2 =∑=∑
== kn

kXnx  
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5.36  Now,   Hence, .][][][
6

0
7∑ 〉−〈=

=l
ll nhgnyC

 ],1[]6[]2[]5[]3[]4[]4[]3[]5[]2[]6[]1[]0[]0[]0[ hghghghghghghgyC ++++++=  
 ],2[]6[]3[]5[]4[]4[]5[]3[]6[]2[]0[]1[]1[]0[]1[ hghghghghghghgyC ++++++=  
 ],3[]6[]4[]5[]5[]4[]6[]3[]0[]2[]1[]1[]2[]0[]2[ hghghghghghghgyC ++++++=  
 ],4[]6[]5[]5[]6[]4[]0[]3[]1[]2[]2[]1[]3[]0[]3[ hghghghghghghgyC ++++++=  
 ],5[]6[]6[]5[]0[]4[]1[]3[]2[]2[]3[]1[]4[]0[]4[ hghghghghghghgyC ++++++=  
 ],6[]6[]0[]5[]1[]4[]2[]3[]3[]2[]4[]1[]5[]0[]5[ hghghghghghghgyC ++++++=  
 ].0[]6[]1[]5[]2[]4[]3[]3[]4[]2[]5[]1[]6[]0[]6[ hghghghghghghgyC ++++++=  
 

 Likewise,  Hence, ].[][][
6

0
ll

l
−∑=

=
nhgnyL

 ],0[]0[]0[ hgyL =  
 ],0[]1[]1[]0[]1[ hghgyL +=  
 ],0[]2[]1[]1[]2[]0[]2[ hghghgyL ++=  
 ],0[]3[]1[]2[]2[]1[]3[]0[]3[ hghghghgyL +++=  
 ],0[]4[]1[]3[]2[]2[]3[]1[]4[]0[]4[ hghghghghgyL ++++=  
 ],0[]5[]1[]4[]2[]3[]3[]2[]4[]1[]5[]0[]5[ hghghghghghgyL +++++=  
 ],0[]6[]1[]5[]2[]4[]3[]3[]4[]2[]5[]1[]6[]0[]6[ hghghghghghghgyL ++++++=  
 ],1[]6[]2[]5[]3[]4[]4[]3[]5[]2[]6[]1[]7[ hghghghghghgyL +++++=  
 ],2[]6[]3[]5[]4[]4[]5[]3[]6[]2[]8[ hghghghghgyL ++++=  
 ],3[]6[]4[]5[]5[]4[]6[]3[]9[ hghghghgyL +++=  
 ],4[]6[]5[]5[]6[]4[]10[ hghghgyL ++=  

],5[]6[]6[]5[]11[ hghgyL +=  
].6[]6[]12[ hgyL =  

 
 Comparing  with ][nyC ][nyL  we observe that 
  ],7[]0[]0[ LLC yyy +=
  ],8[]1[]1[ LLC yyy +=
  ],9[]2[]2[ LLC yyy +=
  ],10[]3[]3[ LLC yyy +=
  ],11[]4[]4[ LLC yyy +=
  ],12[]5[]5[ LLC yyy +=
  ].6[]6[ LC yy =
 
5.37 Since ][nx  is a length-9 real sequence, its DFT satisfies ].[*][ 9〉〈−= kXkX  Therefore, 

,2.37.7]8[*]1[*]1[ 9 jXXX +−==〉〈−=  
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,6.96.8]6[*]3[*]3[ 9 jXXX +==〉〈−=  
,3.55.3]4[*]5[*]5[ 9 jXXX −−==〉〈−=  

.1.42.1]2[*]7[*]7[ 9 jXXX +==〉〈−=  
 

5.38 ,6.15.4]8[*]1[*]1[ 9 jXXX −==〉〈−=  
 ,2.81.3]5[*]4[*]4[ 9 jXXX −−==〉〈−=  
 ,1.42.7]3[*]6[*]6[ 9 +−==〉〈−= XXX  
 .3.22.1]2[*]7[*]7[ 9 jXXX +==〉〈−=  
 
5.39 Since the DFT  is real-valued, ][kX ][nx  is a circularly even sequence, i.e., 

  Therefore,  ].[][ 12〉〈−= nxnx

  ,2]11[]1[]1[ 12 −==〉〈−= xxx

  ,3.9]8[]4[]4[ 12 ==〉〈−= xxx

  ,1.4]5[]7[]7[ 12 ==〉〈−= xxx

  ,25.3]3[]9[]9[ 12 −==〉〈−= xxx

  .7.0]2[]10[]10[ 12 ==〉〈−= xxx
 
5.40 Since the DFT  is imaginary-valued, ][kX ][nx  is a circularly odd sequence, i.e., 

  Therefore, ].[][ 12〉〈−−= nxnx

 ,3.9]5[]7[]7[ 12 =−=〉〈−−= xxx  
 ,87.2]4[]8[]8[ 12 −=−=〉〈−−= xxx  
 ,1.4]3[]9[]9[ 12 −=−=〉〈−−= xxx  
 ,25.3]2[]10[]10[ 12 =−=〉〈−−= xxx  
 .7.0]1[]11[]11[ 12 −=−=〉〈−−= xxx  
 
5.41 ].174[*][*][ 174 kXkXkX −=〉〈−=  
 9.54.3]165[*]9174[*]9[ jXXX +−==−=   .9.54.3]165[ jX −−=⇒  
 6.15]123[*]51174[*]51[ jXXX −==−=   .6.15]123[ jX +=⇒  
 9.47.8]61[*]113174[*]113[ jXXX −==−=   .9.47.8]61[ jX +=⇒  
 4.21.7]12[*]162174[*]162[ jXXX −==−=   .4.21.7]12[ jX +=⇒  
 .9.54.3][,6.15][,9.47.8][,4.21.7][ 4321 jkXjkXjkXjkX −−=+=+=+=  
 
 (a)  Comparing these 4 DFT samples with the DFT samples given above we conclude 
 .165,123,61,12 4321 ==== kkkk  
 (b)  dc value of .11]0[]}[{ == Xnx  

 (c)  }]51[Re{2}]9[Re{2]0[
174

1
][

174

1
][ 51

174
9

174174
173

0
( nnkn

k
WXWXXWkXnx −−−

=
++=∑=  

    )}]162[Re{2}]113[Re{2]87[ 162
174

113
174

87
174

nnn WXWXWX −−− +++
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(d)  86.0279.][
174

1
][

173

0

2173

0

2 =∑=∑
== kn

kXnx  

 
5.42 ].126[*][*][ 126 kXkXkX −=〉〈−=  
  .8.12]0[ α+= jX
 2.27.3]113[*]13126[*]13[ jXXX +−==−=  .2.27.3]113[ jX −−=⇒  
 7.1]75[*]51126[*]51[ jXXX −==−=  .7.1]75[ jX =⇒  
 2.27.3]113[*]13126[*]13[ jXXX +−==−=  .2.27.3]113[ jX −−=⇒  
 4.51.9]126[*][ 11 jkXkX −=−=  .4.51.9]126[ 1 jkX +=−⇒  
 3.23.6]126[*][ 22 jkXkX +=−=  .3.23.6]126[ 2 jkX −=−⇒  
 7.1]126[*][ 33 jkXkX +γ=−=  .7.1]126[ 3 jkX −γ=−⇒  
 2.27.3]126[*][ 44 jkXkX −−=−=  .2.27.3]126[ 4 jkX +−=−⇒  
 
 (a) (b) Since ][nx  is a real-valued sequence of length   and  must be 

real. Thus, 
,126 ]0[X ]63[X

0=α  and   As .0=β ]126[ 1kX −   and  have the same imaginary 
part,   and 

]108[X

1.9=ε .181081261 =−=k  Likewise, as  and  have the same 
real part, 

][ 2kX ]79[X

3.2−=δ  and .47791262 =−=k   Similarly, as   and  have 
the same imaginary part, 

]126[ 3kX − ]51[X

0=γ  and .75511263 =−=k   Finally, as 
 ],113[][ 4 XkX = .1134 =k

 
 (c) dc value of ][nx  is .8.12]0[ =X  
 

(d) }]13[Re{2]0[
126

1
][

126

1
][ 126/26

126

125

0
126 ( n

k

kn WXXWkXnx π−

=

− +=∑=

nnn WXWXWX π−π−π− +++ 63
126

126/94
126

126/36
126 ]63[}]47[Re{2}]18[Re{2  

.}]113[Re{2}]75[Re{2 )126/226
126

126/150
126

nn WXWX π−π− ++  
 

(e)  5.767.][
126

1
][

125

0

2125

0

2 =∑=∑
== kn

kXnx  

 
5.43    Therefore, ].[][][ 6

9
2

3 kXWkXWkY kk −− == ].6[][ 9〉−〈= nxny   Thus, 
,2]7[]4[,2]6[]3[,5]5[]2[,3]4[]1[,4]3[]0[ −==−====−==== xyxyxyxyxy  

 .1]2[]8[,5]1[]7[,3]0[]6[,4]8[]5[ ======== xyxyxyxy  
 
5.44 ].9[*][*][ 9 kXkHkH −=〉〈−=   Hence, ,4883.11876.6]4[*]5[ jHH −−==  
 ,957.10346.6]2[*]7[,6603.8]3[*]6[ jHHjHH +==−==

.0572.68414.6]1[*]8[ jHH +==  
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 Now   Therefore, 
  Thus, 

].[][][][ 6
9

9/63/2 nhWnhenheng nnjnj −ππ ===
.80],6[][ 9 ≤≤〉−〈= kkHkG ,6603.8]3[]6[]0[ 9 jHHG ==〉〈−=  

 ,4883.11876.6]4[]61[]1[ 9 jHHG −−==〉−〈=
,4883.11876.6]4[*]5[]62[]2[ 9 jHHHG +−===〉−〈=  

 ,6603.8]3[*]6[]63[]3[ 9 jHHHG −===〉−〈=  
 ,957.10346.6]2[*]7[]64[]4[ 9 jHHHG +===〉−〈=  
 ,0572.8414.6]1[*]8[]65[]5[ 9 jHHHG +===〉−〈=  
 ,15]0[]66[]6[ 9 ==〉−〈= HHG  
 ,0572.68414.6]1[]67[]7[ 9 jHHG −==〉−〈=  
 .957.10346.6]2[]68[]8[ 9 jHHG −==〉−〈=  
 
5.45 (a) ,4]0[]0[]0[ −== hgyL  
    ,10]0[]1[]1[]0[]1[ =+= hghgyL  
     ,6]0[]2[]1[]1[]2[]0[]2[ −=++= hghghgyL  
      8,]1[]2[]2[]1[]3[]0[]3[ =++= hghghgyL  
      7,]2[]2[]3[]1[]4[ =+= hghgyL  
       .3]3[]2[]5[ −== hgyL  
 

(b)  ]1[]3[]2[]2[]3[]1[]0[]0[]0[ hghghghgy eeeeC +++=  
    ,3]2[]2[]3[]1[]0[]0[ =++= hghghg  
       ]2[]3[]3[]2[]0[]1[]1[]0[]1[ hghghghgy eeeeC +++=  
    ,7]3[]2[]0[]1[]1[]0[ =++= hghghg  
       ]3[]3[]0[]2[]1[]1[]2[]0[]2[ hghghghgy eeeeC +++=  
    ,6]0[]2[]1[]1[]2[]0[ −=++= hghghg  
          ]0[]3[]1[]2[]2[]1[]3[]0[]3[ hghghghgy eeeeC +++=  
    .8]1[]2[]2[]1[]3[]0[ =++= hghghg  

(c)    ,

1
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1
4

0
3
1

2

11
1111

11
1111
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]2[
]1[
]0[
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⎥
⎥
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⎢
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54
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11
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⎣

⎡
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H
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H
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          Therefore .

9
18

9
12

]3[]3[
]2[]2[
]1[]1[
]0[]0[

]3[
]2[
]1[
]0[

⎥
⎥
⎥

⎦
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⎢
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⎡
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⎥
⎥

⎦
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⎢
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⎡

j
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Y
Y
Y
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e

e

e
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C

C

C
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         .

8
6

7
3

9
18

9
12

11
1111

11
1111

4

1

]3[
]2[
]1[
]0[

⎥
⎥
⎥
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⎢
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⎡
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⎣

⎡

−−
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⎥
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⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

j

j

jj

jj

y
y
y
y

C

C

C

C

 

 
(d)  [ ] [ ].0,0,1,2,4,2][,0,0,0,3,1,2][ −−=−= nhng ee  
     ]1[]5[]2[]4[]3[]3[]4[]2[]5[]1[]0[]0[]0[ eeeeeeeeeeeeC hghghghghghgy +++++=  
   ],0[4]0[]0[ Lyhg =−==  
       ]2[]5[]3[]4[]6[]3[]5[]2[]0[]1[]1[]0[]1[ eeeeeeeeeeeeC hghghghghghgy +++++=  
   ],1[10]0[]1[]1[]0[ Lyhghg ==+=  
     ]3[]5[]4[]4[]5[]3[]0[]2[]1[]1[]2[]0[]2[ eeeeeeeeeeeeC hghghghghghgy +++++=  
   ],2[6]0[]2[]1[]1[]2[]0[ Lyhghghg =−=++=  
       ]4[]5[]5[]4[]0[]3[]1[]2[]2[]1[]3[]0[]3[ eeeeeeeeeeeeC hghghghghghgy +++++=  

    ],3[8]1[]2[]2[]1[]3[]0[ Lyhghghg ==++=  
         ]5[]5[]0[]4[]1[]3[]2[]2[]3[]1[]4[]0[]4[ eeeeeeeeeeeeC hghghghghghgy +++++=  
    ],4[7]2[]2[]3[]1[ Lyhghg ==+=  
                 ]0[]5[]1[]4[]2[]3[]3[]2[]4[]1[]5[]0[]5[ eeeeeeeeeeeeC hghghghghghgy +++++=  
    ].5[3]3[]2[ Lyhg =−==  
 
5.46 We need to show   Let 

 and 

  

].[][][][ NN OO ngnhnhng =

∑ 〉−〈==
−

=

1

0
][][][][][ NO

N

m
Nmnhmgnhngnx

∑ 〉−〈==
−

=

1

0
][][][][][ NO

N

m
Nmngmhngnhny ∑ −++∑ −=

−

+==

1

10
][][][][

N

nm

n

m
mnNgmhmngmh

  ].[][][][][][][
1

0

1

10
nxmgmnhmgmnNhmgmnh

N

m
N

N

nm

n

m
=∑ 〉−〈=∑ −++∑ −=

−

=

−

+==
 

5.47 (a)    Thus, .][][][][][
1

0
2121 NO ∑ 〉−〈==

−

=

N

m
Nmnxmxnxnxny

  .][][][][][
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(b)  

  Replacing n  by 

∑ −〉−〈∑=∑ −
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1
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0
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mnN −+  in the first sum on the right-hand side and by mn −  in the second sum on 
the right-hand side we obtain 

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∑ ∑ −+−⎟⎟

⎠
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5.48 .10],3[][
3
−≤≤= N

nnxny   Therefore, .]4[][][
1

3/

1

3/
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=

−

=
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n
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n
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N WnxWnykY  

 Now, .][
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0
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m
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  Thus, 
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1
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⎠
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⎛ ++++++= NkXkXkXkXkY

NN  

 
5.49 ].[][][ njynxnv +=   Hence, ]}[*][{][ 82

1 〉〈−+= kVkVkX  is the 8 –point DFT of ][nx  

and ]}[*][{][ 82

1 〉〈−−= kVkVkY
j

 is the 8 –point DFT of  ].[ny

[ ].83,4,23,25,94,51,62,73][ jjjjjjjjkV −−−+−−+−+=  
 [ ].62,51,94,25,23,4,83,73][* 8 jjjjjjjjkV −−++−+−+−+=〉〈−  
 Therefore,  

 ,7,5,7,73][
2

5
,

2

9

2

1
,

2

7

2

7
,

2

7

2

7
,

2

9
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5
⎥⎦
⎤

⎢⎣
⎡ −+−+= −−+−+ jjjkX jjjj  

 .1,2,1,0][
2

1
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2

1

2

1
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2
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2

11
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2

1

2

11
,

2

1

2

1

2

1
⎥⎦
⎤

⎢⎣
⎡ +−−−−−−−= ++−− jjkY jjjj  

 The IDFT of   obtained using MATLAB is given by ][kV
 

Columns 1 through 4  
 
   1.3750 - 0.6250i  -0.8044 + 1.7223i  -1.7500 + 1.2500i  
-0.9331 - 0.1187i 
 
  Columns 5 through 8  

 
   0.8750 + 2.6250i   2.5544 - 0.2223i   3.5000 + 1.2500i  
-1.8169 + 1.1187i 
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 The same result is obtained by computing the IDFT ][nx  of  and the IDFT  

of  using MATLAB and then forming 
][kX ][ny

][kY ].[][ njynx +  
 
5.50 [ ].,23,41,22][][][ jjjjnhjngnv −++−−=+=   Therefore, 

  i.e., ,
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[ ].56,36,34,34][ jjjjkV −−−−+=    
Thus, [ ].34,36,56,34][* 4 jjjjkV +++−+=〉〈−   Therefore, 

( ) [ ]jjkVkVkG −−+−=〉〈−+= 1,6,1,4][*][][ 42

1   and 

( ) [ ].54,3,54,3][*][][ 42

1
jjkVkVkH

j
+−−−−=〉〈−−=  

 
5.51 Let    Thus, ]}.[{IDFT][ kPnp =
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 Thus,  is obtained by shifting ][ˆ nx ][nx  in multiples of M  and adding the shifted 
copies.  Since the new sequence is obtained by shifting in multiples of hence, to recover 
the original sequence take any consecutive N  samples in the range 10 −≤≤ Nn  for 
any value of .r   This would be true only if the shifted copies of ][nx  did not overlap 
with each other, that is, if and only if  .NM ≥
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5.56  .][][][][][][][O][][
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 Now, for ].[][,36 51 knxknxn −=〉−〈≥  Thus, ][][ nuny =  for  .5036 ≤≤ n

 
5.57 (a) Overlap-add method:  Since the impulse response is of length and the DFT size to 

be used is hence, the number of data samples required for each convolution will be 
  Thus the total number of DFTs required for the length-1300 data 

sequence is 

,128
.19109128 =−

.69
19

1300 =⎥⎥
⎤

⎢⎢
⎡   Also, the DFT of the impulse response needs to be computed 

once.  Hence, the total number of DFTs used are .70169 =+=  The total number of 
IDFTs used are  .69=

 
 (b)  Overlap-save method:  In this case, since the first 1091110 =−  points are lost, we 

need to pad the data sequence with 109  zeros for a total length of  Again, each 
convolution will result in 

.1409
19109128 =−  correct values.  Thus the total number of 

DFTs required for the data are .75
19

1409 =⎥⎥
⎤

⎢⎢
⎡   Again, 1 DFT is required for the impulse 

response.  The total number of DFTs used are .76175 =+   The total number of IDFTs 
used are  .75=
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(b)  Since  for ][][ 5〉〈= kXkY ,200 ≤≤ k  a sketch of  is thus as shown below. ][kY

 
5.59 ],2[]12[][],2[]12[][],2[]12[][ 010 nynynynxnxnxnxnxnx ++=−+=++=  and 

.10],2[]12[][
21 −≤≤−+= N

nnynyny   Since ][nx  and  are real, symmetric 

sequences, it follows that  and  are real, symmetric sequences, and  

and are real, antisymmetric sequences.  Now, consider the 

][ny

][0 nx ][0 ny ][1 nx

][1 ny
2

N –length sequence 

 ( .][][][][][ 0110 nynxjnynxnu )+++=   Its conjugate sequence is given by 
( .][][][][][* 0110 nynxjnynxnu )+−+=   Next, we observe that 

 ( )][][][][][ 2/02/12/12/02/ NNNNN nynxjnynxnu 〉〈−+〉〈−+〉〈−+〉〈−=〉〈−  
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 ( .][][][][ 0110 nynxjnynx )+−+−=   Its conjugate sequence is given by 
 ( ).][][][][][* 01102/ nynxjnynxnu N +−−−=〉〈−  
 By adding the last 4 sequences we get 
 ].[*][][*][][4 2/2/0 NN nununununx 〉〈−+〉〈−++=  
 From Table 5.3, if  then ]},[{DFT][ nukU = ]},[*{DFT][* 2/ nukU N =〉〈−  
  and ]},[*{DFT][* 2/NnukU 〉〈−= ]}.[{DFT][ 2/2/ NN nukU 〉〈−=〉〈−  Thus, 
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Using the orthogonality property mentioned earlier we get 

.][][][
1

0

2

DCT2

11

0

2
∑ α=∑
−

=

−

=

N

kN

N

n
kGkng  

 

5.62 (a)    The matrix  is orthogonal if  

where  is the  identity matrix and  is a constant.  Now,  
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 Hence, the matrix is orthogonal and all its rows have the same L -norm. 2
 

(b)    Next, we observe 

  which shows that 
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(d)  It can be easily shown that the discrete Hartley transform (DHT) of Eq. (5.192) is a 
special case of the real DCFT with .
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M5.1 (a) N = input('The value of N = '); 

k = -N:N; 
y = ones(1,2*N+1); 
w = 0:2*pi/255:2*pi; 
Y = freqz(y, 1, w); 
Ydft = fft(y); 
n = 0:1:2*N; 
plot(w/pi,abs(Y),n*2/(2*N+1),abs(Ydft),'o'); 
xlabel('\omega/\pi'),ylabel('Amplitude'); 
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(b)  Replace the statement k = -N:N; with k = 0:N;, y = ones(1,2*N+1); 
with y = ones(1,N+1); the statement n = 0:1:2*N; with n = 0:N;, and 
the statement plot(w/pi,abs(Y),n*2/(2*N+1),abs(Ydft),'o'); 
with plot(w/pi,abs(Y),n*2/(N+1),abs(Ydft),'o');,in the program of 
Part (a). 

 
(c)  Add the statement y = y – abs(k)/N; below the statement y = 
ones([1,2*N+1]); in the program of Part (a). 
 
(d)  Replace the statement y = ones(1,2*N+1); with y = N + 
ones(1,2*N+1) – abs(k);  in the program of Part (a). 
 
(e)  Replace the statement y = ones(1,2*N+1); with y = cos(pi*k/(2*N)); 
in the program of Part (a). 
 
The plots generated for 4=N  are shown below where the circles denote the DFT 
samples. 
(a)     (b) 
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(e) 
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M5.2  The code fragments to be used are as follows: 
 
  Y = fft(g).*fft(h); 
  y = iift(Y); 
 
 (a)    The output generated using the above code fragments is ].[][][ 6O nhngny =

  y = 
      -6     9   -16    20    -4    45 

(b)    The output generated using the above code fragments is ].[][][ 5O nvnxnw =

w = 
Columns 1 through 3  
11.0000 +25.0000i  -9.0000 +48.0000i   3.0000 +17.0000i   
 

 Columns 4 through 5  
29.0000 + 0.0000i  -10.0000 +12.0000i 
 
(c)    The output generated using the above code fragments is ].[][][ 5O nynxnu =

u = 
  -23.0000  -69.0000   35.0000  105.0000   73.0000 

 
M5.3 N = 8; % sequence length 

gamma = 0.5; 
k = 0:N-1; 
x = exp(-gamma*k); 
X = fft(x); 
 
% Property 1 
X1 = fft(conj(x)); 
G1 = conj([X(1) X(N:-1:2)]); 
% Verify X1 = G1 
 
% Property 2 
x2 = conj([x(1) x(N:-1:2)]); 
X2 = fft(x2); 
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% Verify X2 = conj(X) 
 
% Property 3 
x3 = real(x); 
X3 = fft(x3); 
G3 = 0.5*(X+conj([X(1) X(N:-1:2)])); 
% Verify X3 = G3 
 
% Property 4 
x4 = j*imag(x); 
X4 = fft(x4); 
G4 = 0.5*(X-conj([X(1) X(N:-1:2)])); 
% Verify X4 = G4 
 
% Property 5 
x5 = 0.5*(x+conj([x(1) x(N:-1:2)])); 
X5 = fft(x5); 
% Verify X5 = real(X) 
 
% Property 6 
x6 = 0.5*(x-conj([x(1) x(N:-1:2)])); 
X6 = fft(x6); 
% Verify X6 = j*imag(X) 

 
M5.4 N = 8; 

k = 0:N-1; 
gamma = 0.5; 
x = exp(-gamma*k); 
X = fft(x); 
 
% Property 1 
xpe = 0.5*(x+[x(1) x(N:-1:2)]); 
xpo = 0.5*(x-[x(1) x(N:-1:2)]); 
Xpe = fft(xpe); 
Xpo = fft(xpo); 
% Verify Xpe = real(X) and Xpo = j*imag(X) 
 
% Property 2 
X2 = [X(1) X(N:-1:2)]; 
% Verify X = conj(X2); 
% real(X) = real(X2) and imag(X) = -imag(X2) 
% abs(X)= abs(X2) and angle(X) = -angle(X2) 

 
M5.5 N = 8; % N is length of the sequence(s) 

gamma = 0.5; 
k = 0:N-1; 
g = exp(-gamma*k); h = cos(pi*k/N); 
G = fft(g); H=fft(h); 
 
% Property 1 
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alpha=0.5; beta=0.25; 
x1 = alpha*g+beta*h; 
X1 = fft(x1); 
% Verify X1=alpha*G+beta*H 
 
% Property 2 
n0 = N/2; % n0 is the amount of shift 
x2 = [g(n0+1:N) g(1:n0)]; 
X2 = fft(x2); 
% Verify X2(k)= exp(-j*k*n0)G(k) 
 
% Property 3 
k0 = N/2; 
x3 = exp(-j*2*pi*k0*k/N).*g; 
X3 = fft(x3); 
G3 = [G(k0+1:N) G(1:k0)]; 
% Verify X3=G3 
 
% Property 4 
x4 = G; 
X4 = fft(G); 
G4 = N*[g(1) g(8:-1:2)]; % This forms N*(g mod(-k)) 
% Verify X4 = G4; 
 
% Property 5 
% To calculate circular convolution between 
% g and h use eqn (3.67) 
h1 = [h(1) h(N:-1:2)]; 
T = toeplitz(h',h1); 
x5 = T*g'; 
X5 = fft(x5'); 
% Verify X5 = G.*H 
 
% Property 6 
x6 = g.*h; 
X6 = fft(x6); 
H1 = [H(1) H(N:-1:2)]; 
T = toeplitz(H.', H1); % .' is the nonconjugate transpose 
G6 = (1/N)*T*G.'; 
% Verify G6 = X6.' 

 
M5.6 g = input('Type in first sequence = '); 

h = input('Type in second sequence = '); 
x = g +i*h; 
XF = fft(x); 
XFconj = conj(XF); 
N = length(g); 
YF = zeros(N-1,1)'; 
for k = 1:N-1; 
    YF(k) = XFconj(mod(-k,N)+1); 
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end 
YF1 = [XFconj(1) YF]; 
GF = (XF + YF1)/2; 
HF = (XF - YF1)/2; 

 
M5.7  x = [-3 5 45 -15 -9 -19 -8 21 -10 23]; 
  XF = fft(x); 
  k =0:9; YF = exp(-i*2*pi*k/5).*XF; 
 output = [XF(1) XF(6) sum(XF) sum(YF)];; 

  disp(output) 
  disp(sum(abs(XF).*abs(XF)) 
 
  The output data generated by this program is 
     30     0    -30-0.0000i  -100-0.0000i 
  38600 
   
 
M5.8 X = [11 8-i*2 1-i*12 6+i*3  -3+i*2 2+i  15]; 

k = 8:12; XF(k)=conj(X(mod(-k+2,12))); 
XF = [X XF(8:12)]; 
x = ifft(XF); 
n = 0:11; y = exp(i*2*pi*n/3).*x; 
output = [x(1)  x(7)  sum(x)  sum(y)]; 
disp(output) 
disp(x.*x) 
 

The output data generated by this program is 
4.5000   -0.8333     11.0000    -3.0000-2.0000i 
74.8333 

 
M5.9 n=0:255; 

x = 0.1*n.*exp(-0.03*n); 
plot(n,x);axis([0 255 0 1.3]); 
xlabel('n');ylabel('Amplitude'); 
title('Original signal'); 
pause 
z = [zeros(1,50) ones(1,156) zeros(1,50)]; 
y = 4*rand(1,256)-1; 
YF = z.*fft(y); 
yinv = ifft(YF); 
s = x + yinv; 
plot(n,s);axis([0 255 -2 4]); 
xlabel('n');ylabel('Amplitude'); 
title('Noise corrupted signal'); 
pause 
zc = [ones(1,50) zeros(1,156) ones(1,50)]; 
SF = zc.*fft(s); 
xr = ifft(SF); 
plot(n,xr);axis([0 255 0 1.3]); 
xlabel('n');ylabel('Amplitude'); 
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title('Signal after Fourier-domain filtering'); 
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M5.10   function y = overlapsave(x,h) 

X = length(x);     %Length of longer sequence 
M = length(h);     %length of shorter sequence 
flops(0); 
if (M > X)         %Error condition 
   disp('error'); 
end 
%clear all 
temp = ceil(log2(M)); %Find length of circular 
convolution 
N = 2^temp;           %zero padding the shorter sequence 
if(N > M) 
    for i = M+1:N 
    h(i) = 0; 
    end 
end 
m = ceil((-N/(N-M+1))); 
while (m*(N-M+1) <= X) 
  if(((N+m*(N-M+1)) <= X)&((m*(N-M+1)) > 0)) 
      for n = 1:N 
         x1(n) = x(n+m*(N-M+1)); 
      end 
  end 
if(((m*(N-M+1))<=0)&((N+m*(N-M+1))>=0))  
%underflow adjustment 
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     for n = 1:N 
        x1(n) = 0; 
     end 
     for n = m*(N-M+1):N+m*(N-M+1) 
        if(n > 0) 
           x1(n-m*(N-M+1)) = x(n); 
        end 
     end 
end 
if((N+m*(N-M+1)) > X)  %overflow adjustment 
   for n = 1:N 
      x1(n) = 0; 
   end 
    for n = 1:(X-m*(N-M+1)) 
       x1(n) =x (m*(N-M+1)+n); 
    end 
end 
 
   w1 = circonv1(h,x1); %circular convolution using DFT 
   for i = 1:M-1 
      y1(i) = 0; 
   end 
   for i = M:N 
      y1(i) = w1(i); 
   end 
   for j = M:N 
      if((j+m*(N-M+1)) < (X+M)) 
         if((j+m*(N-M+1)) > 0) 
             yO(j+m*(N-M+1)) = y1(j); 
          end 
      end 
   end 
   m = m+1; 
end 
%disp('Convolution using Overlap Save:'); 
y = real(yO); 

 
function y = circonv1(x1,x2) 
L1 = length(x1); L2 = length(x2); 
if L1 ~= L2, 
   error('Sequences of unequal lengths'), 
end 
X1 = fft(x1); 
X2 = fft(x2); 
X_RES = X1.*X2; 
y = ifft(X_RES); 

 
The MATLAB program for performing convolution using the overlap-save method is 
 

h = [1  1  1]/3; 
R = 50; 
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d = rand(1,R) - 0.5; 
m = 0:1:R-1; 
s = 2*m.*(0.9.^m); 
x = s + d; 
%x = [x  x  x  x  x  x  x]; 
y = overlapsave(x,h); 
k = 0:R-1; 
plot(k,x,'r-',k,y(1:R),'b--'); 
xlabel('Time index  n');ylabel('Amplitude'); 
legend('r-', 's[n]','b--','y[n]'); 
 
The output plot generated by the above program is shown below: 
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