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Z- Transform 

Example 1 

Determine the Z-transform, the region of convergence (ROC), and the Fourier transform of the 

following signal. 

𝑥(𝑚) = 𝛿(𝑚) = {
1           𝑚 = 0
0            𝑚 ≠ 0

 

 
Sol. 

𝑋(𝑧) = ∑ 𝑥(𝑚)𝑧−𝑚 = ∑ 𝛿(𝑚)𝑧−𝑚 = 𝛿(0) 𝑧0 = 1

∞

𝑚=−∞

∞

𝑚=−∞

 

So that the F. T. is δ (m) 

And ROC of X (z) is the set of all the values of z for which X (z) attains a finite computable 

value. i.e., are all values of z. 
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Example 2 

Determine the Z-transform, the region of convergence (ROC), and the Fourier transform of the 

following signal. 

𝑥(𝑚) = 𝛿(𝑚 − 𝑘) = {
1           𝑚 = 𝑘
0            𝑚 ≠ 𝑘

 

 
Sol. 

𝑋(𝑧) = ∑ 𝑥(𝑚 − 𝑘)𝑧−𝑚 = ∑ 𝛿(𝑚 − 𝑘)𝑧−𝑚 =  𝑧−𝑘

∞

𝑚=−∞

∞

𝑚=−∞

 

The ROC of X (z) is the entire Z-Plane except the point Z=0. 

The F. T. is obtaining by Z= e jω: 

i.e.,   X (e jω) = e -jωk 
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Example 3 

Determine the Z-transform, the region of convergence (ROC), and the Fourier transform of the 

following signal. 

𝑥(𝑚) = 𝛿(𝑚 + 𝑘) = {
1           𝑚 = −𝑘
0            𝑚 ≠ −𝑘

 

 
Sol. 

𝑋(𝑧) = ∑ 𝑥(𝑚 + 𝑘)𝑧−𝑚 = ∑ 𝛿(𝑚 + 𝑘)𝑧−𝑚 =  𝑧𝑘

∞

𝑚=−∞

∞

𝑚=−∞

 

The ROC of X (z) is the entire Z-Plane except the point Z = ∞. 

The F. T. is obtaining by Z= e jω: 

i.e.,   X (e jω) = e jωk 
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Example 4 

Determine the Z-transform, the region of convergence (ROC), and the Fourier transform of the 

following signal. 

𝑥(𝑚) = 𝛿(𝑚 + 𝑘) + 𝛿(𝑚 − 𝑘) = {
1           𝑚 = ±𝑘
0            𝑚 ≠ ±𝑘

 

 
Sol. 

𝑋(𝑧) = ∑ 𝑥(𝑚)𝑧−𝑚 = ∑ 𝑥(𝑚)𝑧−𝑚 +  ∑ 𝑥(𝑚)𝑧−𝑚 =  𝑧−𝑘 +

∞

𝑚=0

𝑧+𝑘

0

𝑚=−∞

∞

𝑚=−∞

 

The ROC of X (z) is the entire Z-Plane except the points Z = 0 and Z = ∞. 

The F. T. is obtaining by Z= e jω: 

i.e.,   X (e jω) = e –jωk + e +jωk = 2 cos (ωk) 
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Example 5 

Determine the Z-transform, the region of convergence (ROC), of the signal u (m). 

Sol: 

𝑋(𝑧) = ∑ 𝑥(𝑚)𝑧−𝑚 = ∑ 𝑥(𝑚)𝑧−𝑚 =  ∑ 𝑢(𝑚)𝑧−𝑚 = 1 + 𝑧−1 + 𝑧−2 + ⋯

∞

𝑚=0

∞

𝑚=0

∞

𝑚=−∞

 

 =
𝑧

𝑧−1
 

i.e., ROC = all values / Z =1 
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Example 6 

Determine the Z-transform, the region of convergence (ROC), of the following signal. 

𝑥(𝑚) = {
0           𝑚 ≥ 0

𝛼𝑚            𝑚 < 0
 

 
Sol: 

𝑋(𝑧) = ∑ 𝑥(𝑚)𝑧−𝑚 = ∑ 𝑥(𝑚)𝑧−𝑚 +  ∑ 𝑥(𝑚)𝑧−𝑚 = ∑ 𝛼𝑚𝑧−𝑚 + 0

0

−∞

∞

𝑚=0

0

𝑚=−∞

∞

𝑚=−∞

 

 

= ∑ 𝛼𝑚𝑧−𝑚 = ∑(𝛼−1𝑧)𝑚 

∞

0

 

0

−∞

 

i.e. |∝−1 𝑧| < 1      →   𝑅𝑂𝐶 𝑖𝑠 𝑎𝑡 |𝑧| < |∝| 

𝑥(𝑧) = 1 + (
∝

𝑧
)

−1

+ (
∝

𝑧
)

−2

+ (
∝

𝑧
)

−3

+ ⋯ =
∝

∝ −𝑧
 

𝑋(𝑗𝜔) =
∝

∝ −𝑒𝑗𝜔
 

 


