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Example. Find the inverse Z-transform of  
𝟏

𝐙−𝟐
 

 
 

 
Note. The inverse Z-transform can only be settled when region of convergence (ROC) is 

given. 

 

Example // 
Find the inverse Z –transform of USING Partial Fraction Expansion Method  

 

 

 
INVERTING WE GET 
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 CONVOLUTION THEOREM to Find Inverse Z-Transform 

The inverse Z-transform can be calculated using the 

convolution theorem. In the convolution integration 

method, the given Z-transform X(z) is first split into X1(z) 
and X2(z) such that X(z)=X1(z)X2(z) 

The signals x1(n) and x2(n) are then obtained by taking the 

inverse Z-transform of X1(z) and X2(z) respectively. Finally, 

the function x(n) is obtained by performing the convolution 

of x1(n) and x2(n) in the time domain 

As from the definition of Z-transform of convolution of 

two signals, we have 

 

Therefore, the inverse Z-transform is obtained as, 

 

Numerical Example 

Using the convolution method, find the Z-transform of 
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Solution /Let 

 

Taking the inverse Z-transform of X1(z) and X2(z) respectively as − 

 

Similarly 

 

Now, using the convolution method for finding inverse Z-

transform, we have 
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Example/ Using the convolution property of Z-transform, find the Z-

transform of the following signal. 

 

Solution 

Let signal is 

 

Taking Z-transform, we get, 
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Similarly 

 
Now, using the convolution property of Z-transform 

 

The ROC of the Z-transform of the given sequence is 
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Example (Convolution) Find the inverse - transform of. 

 

We see that the nth term is a geometric series with n + 1 terms and first term 

1 and common ratio 4 From the formula for the sum for n terms of a 

geometric progression, 

Sn = 
𝒂(𝒓𝒏 −𝟏) 

𝒓−𝟏
 where a is the first term, r is the common ratio and n is 

the number of terms. Therefore, for the n th term of the above sequence, we 

get:
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 To solve a difference equation, we have to take the Z - transform 

of both sides of the difference equation using the property 

Z{fn+k}= zk{ F(z) –f0 –(f 1 / z ) - … - ( fk-1 / zk-1) } (k > 0) 
Using the initial conditions, we get an algebraic equation of the form  

F(z) = (z). 
By taking the inverse Z-transform, we get the required solution fn of the given 

difference equation 

Exmaple Solve the difference equation  yn+1 + yn = 1, y0 = 0, by Z - transform 

method. Given equation is yn+1 + yn = 1                         ---------- (1) 

Let Y(z) be the Z -transform of {yn}. 
Taking the Z - transforms of both sides of (1), we get 

Z{yn+1} +  Z{yn} = Z{1}. 
ie, z {Y(z) - y0} + Y(z) = z /(z-1). 

Using the given condition, it reduces to 
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On taking inverse Z-transforms, we obtain 

yn = (1/2){1 - (-1)n} 
Example  

Solve         yn+2  + yn = 1, y0 = y1 = 0 ,   using Z-transforms. 

Consider      yn+2  + yn = 1   -------------       (1) 

Taking Z- transforms on both sides, we get 
Z{yn+2}+ Z{yn} = Z{1} 
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Using Inverse Z-transform, we get 

yn =(½){1 - cos (n/ 2) - sin (n/ 2)} 

The equation could be solved in a step-by-step or recursive manner, provided that 

𝑦0 is known because

𝑦0
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𝑦1                𝑦2 𝑦3  direct method  

with initial condition  𝑦0 = 1 

We multiply both sides of (1) by 𝑍−𝑛and sum each side over all positive integer values of n 

and zero. We obtain
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Checking the solution From this solution 

𝑦2=25 𝑦3=79
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Example. Solve the difference equation

Example Solve the difference equation 

 

Solution We take the z transform of both sides of the difference equation 

 

and using the right shift property to find 
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To take the inverse transform we need to express the first terms using 

partial fractions. Using the ’cover up’ rule we get 

 

Taking inverse transforms we find 
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Check: To check that we have the correct solution we can substitute in a 

couple of values for n and see that we get the same value from the difference 

equation as from the explicit formula found From the explicit formula and 

using 𝒖𝟎 = 1 (by definition of the unit step function),  

n = 0 gives  

 

From the difference equation, 

 

𝒚−𝟏 = 1, n = 0 gives 

𝒚𝟎 + 2y−1 = 2𝒖𝟎 

Substituting 𝒚−𝟏 = 1 gives 𝒚𝟎 = 0 as before. From the explicit formula, 

 n = 1 gives 

 
From the difference equation, n = 1 gives 
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substituting y0 = 0 gives y1 = 2, confirming the result of the explicit 

formula. 

Example/ Using partial fractions to find the inverse transform 

 

Solution Notice that most of the values of the transform in Table  

have a factor of Z in the numerator. We write 

 

 

and using Table we find 
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The transfer function and impulse response function 

 

 

 

 

 Find the transfer function and impulse response of the 

                      system described by the following difference equation: 

 

Solution To find the transfer function replace 𝒇𝒏 by 𝜹𝒏 and take the z 

       transform of the resulting equation assuming zero initial conditions: 
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Taking the z transform of both sides of the equation we get 

 

                        

To find the impulse response sequence we take the inverse transform 

    of the transfer function to find 
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Example: Find  I.Z.T,ℎ[𝑛] using the long division 

  
Solution: 

 
 

 


