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Find The Steady State Response X(n)=cos(pi/2)n Realize System Using Transpose I Will
Thumbs ....I Can't is a challenging problem that often confuses students and engineers alike when
dealing with discrete-time systems and their responses. Understanding how to analyze the steady-
state response of a system to a specific input, especially when employing techniques like the
transpose of system matrices, is crucial in control systems, signal processing, and digital filter
design. In this article, we will explore the concept of steady-state response for the input X(n) =
cos(11/2 n), methods to realize the system, and how the transpose operation plays a role, all while
addressing common difficulties and misconceptions.

Understanding the Steady State Response in Discrete-
Time Systems

What is Steady State Response?

The steady state response of a system refers to the output behavior after all transient effects have
decayed, leaving a consistent or periodic response that reflects the input frequency and system
characteristics. In discrete-time systems, analyzing the steady-state response helps in understanding
how the system reacts to sinusoidal inputs, which are fundamental in many applications.

Significance of Analyzing X(n) = cos(11/2 n)

The input signal X(n) = cos(m1/2 n) is a discrete sinusoid with a specific normalized frequency. This
frequency, /2, corresponds to a quarter of the sampling frequency, leading to unique behaviors like
aliasing or periodicity. Analyzing the system's response to this input reveals its frequency response
and stability characteristics.

System Realization Using Transpose Techniques

State-Space Representation of Discrete-Time Systems

Most systems can be represented in state-space form:
e State Equation: X(k+1) = A X(k) + B U(k)

¢ Output Equation: Y(k) = C X(k) + D U(k)



Here, A, B, C, D are matrices defining the system dynamics and outputs.

Transpose of System Matrices

The transpose of a system, particularly in state-space form, involves transposing matrices A, B, C, D:
- Transpose System: (A~T, C*T, B~T, D~T)

- Purpose: Often used in control design, observer design, or system realization techniques like the
transpose method, which can provide alternative realizations with certain properties.

Realizing the System via Transpose Method

To realize a system using the transpose method:
1. Start with the controllable or observable canonical form.
2. Transpose the matrices as needed to derive a new realization.

3. Use the transpose system to analyze the response, especially for dual problems like
controllability and observability.

This approach can sometimes simplify calculations or provide insights into the system's behavior,
especially for steady-state analysis.

Calculating the Steady State Response to X(n) =
cos(1/2 n)

Using Frequency Response

The frequency response H(e” {jw}) of the system evaluated at w = 11/2 can be used to determine the
steady-state output:

\[

Y {ss}(n) = |H(e” {j\pi/2})| \cos\left(\frac{\pi} {2} n + \angle H(e” {j\pi/2})\right)

\]

Where:

- |[H(e™{jn/2})| is the magnitude response at w=m/2

- LH(e™{jn/2}) is the phase shift

Calculating H(e”" {jw})

Given the system's transfer function H(z), substitute z = e”™ {jw} to find the frequency response:
\[

H(e” {j\omega}) = \frac{Y(e” {j\omega})}{X(e” {j\omega})}

\]

Evaluate at w = n/2:



\[
H(e™{j\pi/2}) = \text{compute based on system matrices}

\]
This involves substituting z = e” {jr/2} into the transfer function and calculating the complex value.

Steady-State Output Expression

The response can be expressed as:

\[

X {ss}(n) = A\cos\left(\frac{\pi}{2} n\right) + B \sin\left(\frac{\pi} {2} n\right)
\]

where A and B are derived from the magnitude and phase response:

- A = [H(e”{j\pi/2})| cos(<H(e"{jn/2}))
- B = [H(e" {jn/2})| sin(<H(e"{jn/2}))

Understanding this allows us to predict how the system filters or amplifies this particular sinusoid in
steady state.

Challenges and Common Misconceptions

Why "I Will Thumbs...I Can't"?

Many students encounter difficulty when trying to:

- Apply the transpose method correctly

- Calculate frequency response for specific inputs

- Connect the theoretical transfer function to the actual steady-state response

The phrase "I Will Thumbs ....I Can't" reflects the frustration often felt when facing complex matrix

operations or frequency domain calculations. But with systematic approaches, these challenges can
be managed.

Overcoming Difficulties

To address these issues:

e Break down the problem into smaller steps: system realization, transfer function calculation,
frequency response evaluation.

e Use MATLAB or similar tools for matrix operations and frequency response plotting.

¢ Review fundamental concepts of state-space systems, transpose operations, and sinusoidal
steady-state analysis.

e Practice with simpler systems before tackling complex ones.



Practical Example: System Analysis and Response
Calculation

Suppose the System Matrices Are:

« A=[[0, 1], [-2, -3]]
« B =[[0], [1]]
e C=11,0]

e D=0

Steps to Find the Steady State Response

1. Calculate the transfer function H(z) = C (zI-A)"~(-1) B+ D
2. Evaluate H(e” {jn/2}) by substituting z = e” {ju/2}
3. Determine magnitude and phase: |H(e” {ju/2})| and <£H(e”{jn/2})

4. Express the steady-state response as a cosine with amplitude and phase shift

Result Interpretation

The final result reveals whether the system amplifies, attenuates, or shifts the phase of the input
sinusoid at w=mn/2, giving insight into system stability and frequency characteristics.

Conclusion

Analyzing the steady-state response of a system to a sinusoidal input like X(n) = cos(11/2 n) requires
a solid understanding of system realization, frequency response, and matrix operations, including
the transpose method. Although the process may seem daunting at first—hence the frustration
expressed in "I Will Thumbs ....I Can't"—systematic steps and computational tools simplify the task.
Recognizing the importance of the frequency response at specific frequencies allows engineers to
design, analyze, and control discrete-time systems effectively. With practice and proper
understanding, the challenge transforms into a powerful skill for advanced signal processing and
control system design.



Frequently Asked Questions

How do I find the steady-state response of X(n) = cos(m/2 n)
for a discrete-time system?

To find the steady-state response, analyze the system's transfer function and input signal. For X(n) =
cos(m/2 n), express it using complex exponentials, then apply the system's transfer function to
determine the output at steady state.

What does realizing a system using transpose mean in digital
signal processing?

Realizing a system using transpose involves creating a realization based on the transpose of the
system's state-space matrices, which can sometimes lead to more efficient or suitable
implementations, especially for certain types of filters or control systems.

Why am I having trouble visualizing or implementing the
transpose realization for this response?

Difficulty may arise from unfamiliarity with the transpose realization process or the specific
structure of the system matrices. Reviewing concepts of state-space realizations and transposition
methods can help clarify the process.

Can you explain the steps to realize the system using
transpose for the given response?

Yes. First, identify the system's state-space matrices (A, B, C, D). Then, form the transpose system by
transposing the matrices accordingly (A~T, C~T, B~T, D~T). Finally, implement the realization
based on these transposed matrices to obtain the equivalent system.

What are common issues faced when implementing steady-
state responses like cos(m/2 n) in digital systems?

Common issues include aliasing, numerical instability, discretization errors, and difficulties in
accurately modeling or realizing the response, especially when dealing with high-frequency
components or transient effects.

Are there alternative methods to realize the steady-state
response besides transpose realization?

Yes, alternative methods include direct form realization, cascade or parallel forms, or using inverse
Z-transform techniques. These approaches can sometimes simplify implementation or improve
numerical stability depending on the system.



Additional Resources

Find The Steady State Response X(n)=cos(pi/2)n Realize System Using Transpose I Will Thumbs ....I
Can't: A Comprehensive Guide

Understanding the steady-state response of discrete-time systems is fundamental in control systems,
signal processing, and digital filter design. When faced with the problem "Find The Steady State
Response X(n)=cos(pi/2)n Realize System Using Transpose [ Will Thumbs ....I Can't", students and
engineers often encounter confusion around concepts like system realization, the transpose method,
and analyzing cosine sequences at specific frequencies. This guide aims to clarify these concepts
thoroughly, providing a clear roadmap to approach such problems confidently.

Introduction: The Core Challenge
The problem involves:

- Given sequence: \( X(n) = \cos \left(\frac{\pi} {2} n \right) \)
- Objective: Find the steady-state response of a discrete-time system to this input.
- Additional task: Realize the system using the transpose method.

Understanding how to analyze this problem requires familiarity with:

- Discrete-time sinusoidal signals

- System response (particularly steady-state)

- System realization techniques (with emphasis on transpose realization)
- Handling complex conjugate pairs and eigenvalues

Understanding the Sequence \(X(n)=\cos \left(\frac{\pi} {2} n\right)\)
Nature of the Input Sequence

The sequence \(X(n) = \cos \left(\frac{\pi} {2} n\right)\) is a discrete-time cosine at a specific
normalized frequency \(\omega = \frac{\pi}{2}\). Key properties:

- Periodicity: Since \(\cos(\theta)\) is periodic with period \(2\pi\), and the argument is \(\frac{\pi} {2}
n\):

\[
\text{Period } N = \frac{2\pi}{(\pi/2)} = 4
\]

So, \(X(n)\) is periodic with period 4:

\[
X(n+4) = X(n)
\]



- Values over one period:

\[

\begin{cases}

n=0: & \cos(0) =1 \\
n=1: & \cos(\pi/2) = 0 \\
n=2: & \cos(\pi) = -1 \\
n=3: & \cos(3\pi/2) = 0 \\
\end{cases}

\]

- Sequence pattern: \(X(n) =[1, 0, -1, 0, 1, 0, -1, 0, \ldots]\)

Implication for System Response

When analyzing the steady-state response, we look at how the system reacts to a sinusoidal input of
frequency \(\omega = \pi/2\). For linear, time-invariant (LTI) systems, the steady-state response to a

sinusoid at frequency \(\omega\) is a sinusoid at the same frequency, scaled and phase-shifted by the
system's frequency response \(H(e” {j\omega})\).

Step 1: Analyzing the System and Its Response

Typical Approach in Discrete-Time Systems

- Identify the system: Usually given in difference equation form or transfer function.
- Calculate the frequency response: \(H(e” {j\omega})\)

- Determine the steady-state output: For input \(X(n) = \cos(\omega n)\), the output:
\[

Y {ss}(n) = |H(e”{j\omega})| \cos(\omega n + \angle H(e” {j\omega}))

\]

How to Proceed

Given the problem's phrasing, the goal is:

- To find the steady-state response \(Y {ss}(n)\) to the specific input \(X(n) = \cos(\pi/2 n)\).
- To realize the system using the transpose method.

Step 2: Finding the Frequency Response
Suppose the transfer function of the system is \(H(z)\). To find the steady-state response:
1. Evaluate \(H(z)\) on the unit circle:

\[
H(e” {j\omega}) = \text{frequency response at } \omega



\]

2. Calculate magnitude and phase:

\[

|H(e™ {j\omega})|, \quad \angle H(e" {j\omega})
\]

For \(\omega = \pi/2\):

\[

H\left(e” {j \pi/2 }\right)

\]

Depending on the system, this could be derived from the transfer function or difference equations.

Step 3: Computing the Steady-State Response
Given the sinusoidal input:

\[

X(n) = \cos \left(\frac{\pi} {2} n\right)

\]

The steady-state output:

\[

Y {ss}(n) = |H(e™{j\pi/2})| \cos \left(\frac{\pi} {2} n + \angle H(e" {j\pi/2})\right)
\]

This result indicates the amplitude scaling and phase shift introduced by the system at the frequency
\(\pi/2\).

Step 4: Realizing the System using Transpose Method
What is the Transpose System Realization?

The transpose realization is a form of minimal state-space realization derived from the controllable
canonical form. It is especially useful because:

- It provides a straightforward way to implement systems.
- The transpose form is numerically more stable in certain cases.

How to Construct the Transpose Realization

Suppose the system's difference equation is:



\[
y(n) +a 1y(n-1) + a 2 y(n-2) + \ldots + a my(n-m) =b 0x(n) + b 1 x(n-1) + \ldots + b m x(n-m)
\]

The controllable canonical form matrices are:
\[

Ac,Bc,Cc Dc

\]

The transpose realization involves transposing the controllable form matrices:

\[

A {trans} = A ¢"T, \quad B {trans} = C ¢"T, \quad C {trans} =B ¢”T, \quad D {trans} =D c
\]

This results in a different, but equivalent, state-space representation.

Step-by-step for realization:

1. Write the transfer function in rational form:

\[

H(z) = \frac{\text{numerator polynomial} } {\text{denominator polynomial} }

\]

2. Express as a controllable canonical form:

- Determine the controllability matrix and observability matrix.
- Derive the state-space matrices \(A ¢, B ¢, C ¢, D c\).

3. Transpose the matrices:

- Obtain the transpose matrices to get the transpose realization.
4. Implement the realization for simulation or practical design.
Why Use the Transpose?

- It simplifies the realization process.

- It can be more stable numerically.
- It offers a different perspective on system structure.

Step 5: Addressing "I Will Thumbs ....I Can't"

The phrase "I Will Thumbs ....I Can't" seems to reflect frustration or difficulty in grasping the
realization process. Here are tips:

- Break down the problem: Focus on understanding the transfer function and the input sinusoid



separately.

- Use block diagrams: Visualize the system and the flow of signals.

- Practice with simple systems: Start with first and second-order systems.

- Leverage software tools: MATLAB, Python (with control systems libraries), or similar tools can
automate calculations.

- Seek step-by-step tutorials: Many online resources demonstrate realization techniques with
practical examples.

Summary and Practical Tips
Key Takeaways:

- The steady-state response to \(X(n) = \cos(\pi/2 n)\) can be directly obtained from the system's
frequency response.

- The periodicity of the input simplifies the analysis.

- Transpose realization offers an alternative framework for system implementation, especially useful
in digital filter design.

Practical Steps:

1. Identify the system's transfer function \(H(z)\).

2. Evaluate \(H(e” {j\pi/2})\) to find the amplitude and phase shift.

3. Write the steady-state output as a scaled and shifted cosine.

4. Construct the controllable canonical form matrices from the transfer function.
5. Transpose those matrices to obtain the transpose realization.

6. Use software tools to verify calculations and simulate system response.

Final Thoughts

Understanding how to find the steady-state response of a discrete-time system to a sinusoidal input
and realizing the system via the transpose method are fundamental skills in digital signal processing
and control systems engineering. While the process may seem complex at first, breaking it down into
systematic steps — analyzing the input, deriving the frequency response, and constructing the
realization — makes the task manageable. Remember, practice and visualization are key to
mastering these concepts.

Additional Resources

- "Digital Signal Processing" by Alan V. Oppenheim and Ronald W. Schafer
- MATLAB documentation on system realization and frequency response

- Online tutorials on controllable canonical form and transpose realization

- Signal processing forums and communities for troubleshooting and advice
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