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LTI systems may be viewed as an indispensable tool for engineering and applied 

mathematics for their capability to analyses systems defined by linear differential 

equations with constant coefficients . These systems are of premier importance when 

designing electrical circuits, control systems and signal processing applications. This 

paper aims at analyzing the theoretical aspects on LTI systems, modeling,  and solving 

methods together with practical cases. The importance of LTI systems in modern 

engineering and their application area are highlighted by including equations, examples, 

and illustrative explanations.  

  

 

1.Introduction  

LTI systems play a central role in the mathematical theory related to analysis of physical systems. 
Two characteristics – linearity and time invariance make analysis of the complex systems easier and 
therefore are applied in a variety of engineering fields. 

Linearity: this property guarantees that the organization follows the principle of superposition. If the 
input give an output and give then the input will give the output where and are constants .a framework 
for analyzing systems described by linear differential equations with constant coefficients. These 
systems are fundamental in the design of electrical circuits, control systems, and signal processing 
applications. This paper delves into the theoretical principles of LTI systems, their mathematical 
modeling, and solution techniques while exploring real-world applications. Equations, examples, and 
illustrative explanations are included to emphasize the significance and versatility of LTI systems in 
modern engineering. 

 

2.Linear time invariant (LTI) systems and its mathematical modeling  

2.1.Govering Differential Equations  

In practice, the motion of an LTI system will be described by a linear differential equation with 
constant coefficients. For an n- order system, the following is the general form: 
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y(t): Output from the apparatus. 

x(t): Input to the apparatus 

ai, bi Coefficients that specify the properties of the system. 

 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
aDepartment of Chemistry College of Education University of Al-Qadisiyah Al-Qadisiyah, Iraq, Email: najwan.noori@qu.edu.iq 



      Journal of Iraqi Al-Khwarizmi (JIKh)   Volume:9  Issue:1 Year: 2025   pages: 159-163   
 

160 
 

The order of the system is defined with respect to the maximum derivative in y(t) It is so   present in 
its equation. 

2.2. Impulse Response 

The impulse response h(t), characterizes a system output under a unit impulse input. The output of 
the system given any arbitrary input can be computed as follows: 

 ( )  ∫  ( ) (   )  
 

  

 
(2) 

This relationship shows how the system filters the input signal depending upon its impulse response. 

2.3 Transfer Function 

The transfer function H(s) is defined as the input-output transfer function ratio in Laplace transform 
form. 

 ( )  
 ( )

 ( )
 

(3) 

Y(s): Laplace transform of output y(t). 

X(s): Laplace transform of output x(t). 

The transfer function presents a neat form for describing the system giving the convenience of easy 

analyzable and designable LTI systems. 

 
3. Finite  Capacity LTI Systems: Different solution methods for LTI systems 

3.1. Time-Domain Analysis 

Within the time domain, the process concerns determining the homogeneous and particular solutions 
to the governing differential equation. 

 

Example: Suppose now we have a second order system: 
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(4) 

 
The characteristic equation for the homogeneous solution is: 

          (5) 

Factoring gives roots  

     and 

      resulting in the homogeneous solution: 

  ( )                

 

 
 (6) 
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Which particular solution depends on the form again remains beyond the scope of this paper to 

discuss. 

x(t) or x(t+f), where x(t) is a time varying input, such as sinusoidal or exponential type. 

3.2. Frequency-Domain Analysis 

The Laplace transform makes the work easier for solving the LTI systems by converting the 
differential equation problems to being algebraical. Applying the Laplace transform to the previous 
example: 
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(7) 

Rearranging yields: 
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(8) 

The results are then employed as input to solve for in the inverse Laplace transform. 

4. Application of LTI Systems 

4.1. Electrical Circuits  

LTI systems are widely used for analyzing electrical circuits because of their ability to model them. 
For instance, in an RC circuit, the voltage across the capacitor is governed by: 
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(9) 

Here, R is resistance, C is capacitance, Vc(t) is the capacitor voltage, and Vin(t) is the input voltage. 

4.2. Control Systems 

Of great importance in control engineering are LTI models for the purpose of devising controllers 
able to stabilize and improve system performance. For instance, a proportional-integral-derivative 
(PID) controller is modeled as: 

 ( )     
  

 
     (10) 

Where K p, K i, and  K d are the proportional, integral and derivative gains respectively. 

4.3. Signal Processing 

In signal processing LTI systems are used in the design of filters. For example, the transfer function 
of a low-pass filter is: 

 ( )  
  

    
 (11) 

Where    is the cutoff frequency. 
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5. Extension of Advanced Topics Concerning Learning Technology Industry Systems 

5.1. Stability Analysis 

The given LTI system is stable if all poles lie in the Z-plane in the region of the complex plane, that 
is outside the unit circle. Stability of a system is defined when all poles of a system are located in the 
left-half of the s-plane. For example, the system 

 ( )  
 

       
 

 

(12) 

has poles at         

Hence, the shuttling stability is represented by the complex eigenvalues of         

5.2. Frequency Response  

Frequency response is an indication of whether or not the system is stable under sinusoidal test 

inputs of changing frequencies. It is obtained by evaluating  

 ( ) at     : 

 (  )  
 

(  )       
 

(13) 

This analysis is of utmost importance when designing filters and for studies on resonance. 

6. Conclusion 

Time-invariant system offer powerful tools for analysis of many problems that arise in engineering 

practice. Due to their simple mathematical structure and versatility in control, signal processing, and 

electrical circuits, they essentially form part of the present day engineering procedures . As the 

technological requirements increase, generalization of LTI systems to nonlinear and adaptive systems 

is an interesting and potential area for future work. 
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