
Day 2 
 
 

1. Problem Set 3.4:  

Problems 3: Simplify the following system: 
 
 
 
 

What is )(zY  in term of )(zX ? Find )(ny  for the following inputs: )()( nnx δ= , ...),1,1,1,1(...,)( =nx , 
...),1,1,1,1(...,)( −−=nx . 

2. Problem Set 4.2:  

Problems 1: Find )(zX even  and )(zX odd  when 10521)( −− ++= zzzX . Verify that ( ))()(
2
1)( 2 zXzXzX even −+= and 

( ))()(
2

)( 2 zXzXzzX odd −−= . The odd definition involves an advance!. 

)(nx  
4−z  2↓  3↑  2↓  

)(ny



Problem 4: Polyphase Representation of an IIR Transfer function 

Let 11
1)( −−

=
az

zH  where 10 << a . Its impulse response is nanh =)(  for 0≥n  (and zero for negative n ). The phases 

are ...),,,1()( 42 aanheven =  and ...),,,()( 53 aaanhodd = . The z -transform are 
)1(

1)( 12 −−
=

za
nHeven and 

)1(
)( 12 −−
=

za
anHodd . This method is very cumbersome. One has to find the impulse response )(nh , then its even and odd 

parts )(nheven  and )(nhodd , then the z -transform. 

An alternative method is to write 11
1)( −−

=
az

zH directly as )()()( 212 zHzzHzH oddeven
−+= . The dominator must be a 

function of 2z . So multiply above and below by 11 −+ az : 
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This displays )(zHeven  and )(zHodd . An thN  order filter can be factored as a cascade of first-order sections, and this method 
applies to each section. 

(a). Let 
21

6
1

6
51

1)(
−− +−

=
zz

zH . Factor )(zH  into two first-order poles. Find the polyphase components of )(zH . 

(b). Let 
21
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521)(
−−

−−

+−

++
=

zz

zzzH . What are this polyphase components? 



Problem 7: Let 7654321 2344321)( −−−−−−− +++++++= zzzzzzzzH . Find the polyphase components )(zHeven and 

)(zHodd  for antisymmetric filters of even length and symmetric filters of odd length? 

3. Problem Set 4.3:  

Problem 2: If IzHzH m
T
m 2)()( 1 =− show from 
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that IzHzH p
T
p =− )()( 1  



Problem 17: Find the analysis filters )(0 zH  and )(1 zH  for the following matrices: 
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4. Problem Set 4.4:  

Problem 9: Find the matrices )(zH p  and )(zFp . Is the system PR? 

 
 
 
 
 
 
 

5. Problem Set 5.2:  

Problem 2: For any four coefficients )3(),...,0( hh , verify that  

( )2222 )()(
2
1)()( zHzHzHzH oddeven −+=+  

Then condition O for the polyphase equals Condition O for modulation. 

2↓  2↑  
)(

^
nx
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2−z  2↓  2↑  

2−z  1−z  



Problem 4: Find d  by alternating flip of ))5(),...,0(( ccc = . Verify equation 0)2()( =−∑ kndnc directly to show that c 

is double-shift orthogonal to d . 

6. Problem Set 5.4: 

Problem 3: Why must all roots of )(zP  on the unit circle have even multiplicity, to allow )()()( 1−= zCzCzP and 
2)()( ωω CP = ? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


