Homework 3:
2-8. Find the inverse z-transform using
I. power seriies
ii. inversion-formula
iii. partial fraction expansion
iv. discrete convolution

a E(2) = 0.5z
(z—1)(z-0.6)

(i) power seriesmethod:

0.5Z14+0.82%+0.982° +...
72 -1.62+0.6 )0.52

0.52—0.8+0.3Z *

0.8—0.32"
0.8—1.28Z 1 +0.4872

0.98Z ' —-0.48Z"2

&(0) =0, (1) = 0.5, &(2) = 0.8, ...

(i) inversion formula method
resdue at a = (za)E(2QZ Y ~a
0.52

(z-1)(z-0.6)

l

E(9Z" =

_ 0.52 052 05 0506 I
ek) = (2_0.6)‘Z:1+(Z_1)‘2=0.6 _(1_0.6)+ (06-1) =1.25(1-0.6")u(k)

(ii1) partial fraction expansion:

0.5 1.25 -1.25

E(z2)/z= = +
(z-1)(z-0.6) z-1 z-0.6
0.5z 1.25z —-1.252

E(2) = = +

" (z-1)(z-0.6) z-1 z-0.6

e(k) = 1.25(1 - 0.6)u(K)



iv. discrete convolution

0.5z

—_ k
> e(k) =05(06)

El(Z) =

Ex(2) = — —=z" 21 > e(k) = u(k-1)

&0) = e1(0)ex(0)=0
&(1) = el(0)ex(1)+ e(1)ex(0) = 0.5
e(2) = el(0)ex(2)+ ex(2)ex(0) + ex(1)ex(1) = 0.8



0.5
(z—1)(z-0.6)

b. E(z) =

(i) power seriesmethod:

0.5Z%+0.82°+0.98Z % +...
7 -1.62+0.6 )0.5

0.5—-0.8Z*+0.3Z22

0.8Z1-0.327
0.82+—-1.2872+0.482"°

0.987%-0.48Z"

e0)=0,e1)=0,62) =05 ...
(i) inversion formula method

resdue at a = (za)E(2QZ Y| ~a
0.52¢7*

E(9Z" =
(z-=1)(z-0.6)

0527|0577
k) =
) (z—o.6)‘zzlJr (z-1)

z=0.6
__05 0.5(0.6)%*
(1-0.6) (0.6-1)

=1.25-2.083(0.6%),k>1

(ii1) partial fraction expansion:
0.5z 1.252 —-1.257
El(Z) = = +

- > ey(k) = 1.25(1 - 0.6")
(z-1)(z-0.6) z-1 z-0.6

E(z) = 7 E1(2) > ek) = 1.25-1.25(0.6")
e(k) = 1.25-2.083(0.6"), k>1

ZE(2) = 0.5z _1.25z -1.252
(z-1)(z-0.6) z-1 z-0.6




iv. discrete convolution

Fiz) = —22 = 72992 3 (k) = 0.5(0.6) " u(k-1)
Z—0.6 Z—0.6

Ex(2) = — —=z" 21 > e(k) = u(k-1)

&0) = e1(0)ex(0)=0
&(1) = el(0)ex(1)+ e(1)ex(0) = 0.0
e(2) = el(0)ex(2)+ ex(2)ex(0) + ex(1)ex(1) = 0.5

¢. E(2) = 0.5(z+1)
' (z-1)(z-0.6)

e0)=0
e(k) = 2.5-3.33(0.6) , k>1
E(z) = 0.5z + 1.30z2 + 1.787° + 2.068z" +...

d. E(2) = z2(z-0.7)
' (z-1)(z-0.6)
e(k) = 0.75+0.25(0.6)%, k>1
E(z) = 1+ 0.92" + 0.84z% +0.804Z°> + ...

e. matlab verification:
num=[00 0.5]
dem=[1-1.6 0.6]

[r,p,k] = residue(num,den)



2-10.Solve difference equation,

X(K) =3x(k-1) +2x(k-2) = &(k)
ifk=01->ek) =1

ifk>2 > ¢gk)=0

X(-2) = x(-1) =0

using

a. sequential technique
x(0)=¢(0)=1
x(1) =e(1) + 3x(0) =4
X(2) = (2) + 3x(1) —2x(0) = 10
X(3) = &(3) + 3x(2) —2x(1) = 22

b. z-tranform
X(K) —3x(k-1) +2x(k-2) = e(k)
E(z)=1+Zz!
(1-321 + 229X (2) = E(2) = 1 + Z*
B z’ z+1  Z(z+1)
(2)= (z-1)(z-2) z (z-1)(z-2)
X(2) = Az N Bz _~-2z 3z

z-1 z-2 z-1 z-2
x(K) = -2 +3(2)

c. final value does not exist!



2-13. x(k+2) + 3x(k+1) =2x(k) = &(k)
ifk=0->¢gk) =1
ifk>1->¢ek)=0
x(0)=1
x(1) =-1
a. solve for x(k) as afunction of k
X(k+2) + 3x(k+1) =2x(k) = e(k)
7 [X(2) —=x(0) —x(1)Z* ] + 37[X(2)-x(0)]+2X (2) = E(2) =1
(ZZ+32+ 2)X(2) = 1+ Z# -z +3z
Z’+2z+1  z+1

X(2) = . =
Z°+3z+2 Z+2
z+1 Az Bz 0.5z
X(2)=1z =—+——=05+—
z2(z+2) z z+2 Z+2

x(k) = 0.5 8(k) + 0.5 (-2)%

b. evaluate x(0), x(1) x(2) x(3)

x(0)= 1
x(1) = -1
X(2)= 2
x(3)= -4

c. verify (b) usng power series method
1-72 " +227°..
z+2 z+1
zZ+2

thenx(0) = 1,x(1) = -1, x(2) = 2...

d. verify (b) by solving directly
X(k+2) + 3x(k+1) =2x(k) = &(k)
X(2) + 3x(1) =2x(0) =2

X(3) +3x(2) =2x(1) =-4



2-18. (a-e), skip f,g
2" order digital filters:

a. writethe difference equation for fig 1, expressy(k) asa function of y(k-i) & e(k-i)
y(K) = -Ay(k-1) -Acy(k-2) + Boe(k-2) + B1e(k-1) + B2e(k)

b. derviethefilter TF Y (2)/E(2) by taking z-transform of (a)
(1+A1Z* + AoZ? )Y (2) = (B2 +B1z™* + Boz? )E(2)

-1 -2
B,+B,z" +B,z

1+AzZ +AZ?

c. write the difference equation for fig 2
f(k) =e(k) — auf(k-1) — aof(k-2)
y(K) = -A1y(k-1) -Acy(k-2) + bof(k-2) + bif(k-1) + baf(k)

d. derviethefilter TF Y (2)/E(2) by taking z-transform of (c) and eliminating F(z)
F(2) = E(2) - (aZ* + aZ? )F(2)
F(2) = E(2)/1+a1z* + apZ?
Y (2) =(beZ? + byz + b)) F(2)
Y (2) = (( boZ? + baz + bp)/(1+auz™ + &z ?) )E(2)

e. relate coefficientsfrom (b) & (d) such that 2 filtersrealize same transfer function
a=A,B=Db




