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Introduction

Linear systems form the backbone of modern control theory and signal processing. Whether you are designing an 

autopilot for an aircraft, modeling the vibrations in a bridge, or creating a digital filter for audio, understanding how 

to analyze linear systems is essential. Among the many resources available, the analysis of linear systems by 

David K. Cheng solutionstands out for its clarity, rigor, and practical orientation. This article offers a

comprehensive exploration of that approach, guiding you through the theoretical foundations, step-by-step

methodology, real-world applications, and the advantages it brings over traditional techniques. By the end, you will

have a solid grasp of how to apply David K. Cheng’s solution to a wide range of engineering problems.

Understanding Linear Systems

Definition and Key Concepts

A linear system is one that satisfies the principles of superposition and homogeneity. In mathematical terms, if x(t) 

and u(t)are the state and input vectors, respectively, the system dynamics can be described by linear differential

equations:

dx/dt = Ax + Bu

y = Cx + Du

Here, A, B, C, and Dare constant matrices that encapsulate the system’s behavior. The linearity assumption

simplifies analysis and design, enabling the use of powerful tools like eigenvalue decomposition and frequency

response methods.

Mathematical Representation

Linear systems can be represented in multiple equivalent forms:

•  Time-domain differential equations – the most intuitive for engineers.

•  State-space representation – compact and versatile, especially for multi-input multi-output (MIMO) systems.

•  Transfer function – a rational function of the complex frequency variable s, useful for frequency response 

analysis.

•  Z-transform representation – for discrete-time systems.

Each representation offers unique insights. For example, the state-space form is ideal for assessing controllability

and observability, while the transfer function is convenient for Bode plot analysis.

Examples in Engineering

Linear system analysis appears across disciplines:

•  Electrical engineering – RC, RL, and RLC circuits.

•  Mechanical engineering – mass-spring-damper systems.

•  Control systems – PID controllers, state-feedback design.

•  Signal processing – FIR and IIR filter design.



Despite the diversity of applications, the underlying mathematics remains consistent, making a unified analytical

framework invaluable.

David K Cheng’s Approach to Analysis

Background of David K Cheng

David K. Cheng is a respected authority in control theory, known for his clear exposition of complex concepts. His 

publications, particularly the textbook Linear Systems Analysis, have become staples in university curricula

worldwide. Cheng’s solution emphasizes a systematic, modular approach that blends theory with hands-on

examples.

Core Principles of His Solution

Cheng’s methodology rests on three pillars:

1.  Model Accuracy – Ensuring that the system matrices truly reflect physical reality.

2.  Analytical Rigor – Using eigenvalue analysis, controllability/observability tests, and frequency response 

techniques to derive definitive conclusions.

3.  Practical Implementation – Translating mathematical results into controller or observer designs that can be 

deployed in real systems.

By adhering to these principles, Cheng’s solution provides a robust framework that is both theoretically sound and

practically relevant.

Unique Contributions

While many textbooks cover linear system analysis, Cheng’s work distinguishes itself in the following ways:

•  He introduces a step-by-step checklist that guides readers from model identification to controller synthesis.

•  He provides a suite of worked examples across multiple domains, illustrating the versatility of the approach.

•  He emphasizes numerical stability and computational efficiency, which are critical when dealing with high-

order systems.

These contributions make the analysis of linear systems by David K. Cheng solutionboth accessible to

beginners and valuable to seasoned practitioners.

Step-by-Step Analysis of Linear Systems Using David K Cheng’s Solution

Step 1: Identify System Equations

Start by gathering the governing differential equations from the physical model. For a mechanical system, this 

might involve Newton’s second law; for an electrical circuit, Kirchhoff’s laws. Translate these into matrix form dx/dt = 

Ax + Bu and y = Cx + Du. Accuracy at this stage is crucial—errors propagate through the entire analysis.

Step 2: Convert to State-Space Form

Once you have the equations, express them in state-space form. Choose state variables that capture the essential 

dynamics. For instance, in a mass-spring-damper system, you might select position and velocity as states. Ensure 

that the resulting matrices A, B, C, and D are correctly dimensioned.

Step 3: Determine Eigenvalues and Eigenvectors

Compute the eigenvalues of matrix A by solving det(A - ;´’’�Ò��. These eigenvalues dictate the system’s natural

modes and stability. Eigenvectors provide insight into mode shapes. Cheng’s solution recommends using symbolic

computation or numerical algorithms that preserve precision.



Step 4: Assess Stability

Stability is determined by the location of eigenvalues in the complex plane:

•  All eigenvalues with negative real parts !’ asymptotically stable.

•  Any eigenvalue with a positive real part !’ unstable.

•  Eigenvalues on the imaginary axis !’ marginally stable (requires further analysis).

For discrete-time systems, check that all eigenvalues lie inside the unit circle.

Step 5: Evaluate Controllability and Observability

Use the controllability matrix !� = [B AB A²B …] and the observability matrix Ø5Üª = [C�@ (CA)�@ (CA²)�@ …]�@. If these matrices

have full rank, the system is controllable or observable, respectively. Cheng’s solution stresses the importance of

these properties for controller and observer design.

Step 6: Design Controllers and Observers

With a stable, controllable, and observable system, proceed to design a controller. Common approaches include:

•  State-feedback u = -Kx using pole placement or LQR.

•  Observer design using pole placement or Kalman filtering.

•  Output feedback if full state measurement is unavailable.

Validate the closed-loop system by re-evaluating eigenvalues and ensuring performance specifications are met.

Case Study: Applying the Solution to a Mechanical System

System Description

Consider a two-mass-spring-damper system where mass m • is connected to mass m ‚ through a spring k and a 

damper c. The system is actuated by an external force F(t) applied to mass m •. The goal is to design a controller 

that keeps mass m ‚ at a desired position while rejecting disturbances.

Analysis Process

1.  Model Equations – Derive Newton’s laws for each mass.

2.  State Variables – Choose positions x •, x ‚ and velocities v •, v ‚ as states.
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